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Introduction

Copper and its alloys are important structural materials, 
which are widely used in water supply systems, electri-
cal engineering, microelectronics, building industry and 
domestic pipelines, etc. [1]. The extensive use of copper is 
due to its high mechanical, electrical and thermal proper-
ties [2], but it undergoes a severe attack when exposed to 
marine environments, especially in systems having chlo-
ride ions [3, 4]. For example, the corrosive chloride ions 
present both in seawater and marine atmosphere hasten the 
destruction of heat exchangers, water desalinating units, 
etc., which are made of copper [5].

There are several methods available for the protection 
of metallic surfaces. The electrochemical polymerization is 
a simple, reliable and most convenient method for synthe-
sizing the organic polymers on metallic surfaces [6]. The 
porosity is the biggest problem in polymeric coatings and 
this can be minimized using the suitable fillers. The inor-
ganic fillers play a vital role in the improvement of prop-
erties such as thermal, mechanical, electrical conductivity 
and corrosion protection [7–9]. The effect of composite 
coatings incorporated with various oxide particles has been 
widely studied. Ershad-Langroudi et al. [10] have studied 
the effect of ceria and zirconia oxide particles for corrosion 
protection. Danaee et al. [11] have reported the self-healing 
and anticorrosive properties of Ce(III)/Ce(IV) composite 
coatings. Barletta et al. [12] have recently reported that 
properties such as scratch, wear and corrosion resistance 
are enhanced for organic–inorganic hybrid materials on 
metallic surfaces.

Abstract Poly-3-amino-5-mercapto-1,2,4-triazole/TiO2 
(p-AMTA/TiO2) composite was effectively synthesized 
over the copper surface by cyclic voltammetric technique 
and used as a protective coating against corrosion. The 
resulting polymeric composite was characterized using 
Fourier transform infrared spectroscopy. The presence 
of TiO2 particles in the polymer matrix was substantiated 
from X-ray diffraction pattern and energy-dispersive X-ray 
spectrum. The uniform dispersion of TiO2 particles in the 
polymeric matrix was confirmed by the scanning elec-
tron microscope images. The protective effect of compos-
ite coating was evaluated by electrochemical impedance 
spectroscopy and potentiodynamic polarization methods 
in 3.5 % NaCl medium. Impedance measurements showed 
that charge transfer resistance (Rct) values increased for 
polymeric composites which suggested the enhanced cor-
rosion protection of copper. Further, the decrease in corro-
sion current density (icorr) values and shifting of corrosion 
potential (Ecorr) toward the cathodic direction confirmed 
the anticorrosive behavior of the polymeric composite. 
The reason for the higher protection of polymeric compos-
ite may be due to the well-dispersed TiO2 particles in the 
polymer matrix exhibiting the enhanced barrier properties 
to protect copper surface from corrosion. The defects in the 
coatings can be reduced by embedded TiO2 particles in the 
pores of the polymeric films to enhance the corrosion pro-
tection, consequently.
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