
Vol.:(0123456789)1 3

Iranian Polymer Journal (2020) 29:133–146 
https://doi.org/10.1007/s13726-019-00779-3

ORIGINAL RESEARCH

Sol–gel based layer‑by‑layer deposits of lanthanum cerium molybdate 
nanocontainers and their anticorrosive attributes

Sakshi Arora1 · Siddhesh Mestry1 · Hitesh Kumar Singh1 · Shashank T. Mhaske1 

Received: 2 September 2019 / Accepted: 31 December 2019 / Published online: 9 January 2020 
© Iran Polymer and Petrochemical Institute 2020

Abstract
The present study focuses on the synthesis of novel lanthanum cerium molybdate (LCM) nanoparticles by sol–gel synthesis 
method and their use in the development of nanocontainers in an anticorrosive coating application. The obtained nanoparticles 
were used as core material with two different polyelectrolytic shells comprising of polypyrrole (PPY) and polyacrylic acid 
(PAA) or polyethyleneimine (PEI) and polystyrene sulfonate (PSS) involving the entrapment of benzotriazole (BTA) as the 
corrosion inhibitor using layer-by-layer (LBL) deposition method. At each step of this nanocontainer synthesis, the thick-
ness of the layers, surface charges and the presence of the functional groups were determined by particle size, zeta potential 
and Fourier transform infrared spectroscopy (FTIR) analysis, respectively. The X-ray diffractograms (XRD) indicated the 
change in the crystallinity of the nanoparticles and nanocontainers while thermogravimetric analysis (TGA) showed the 
thermal degradation behavior of the nanocontainers. The morphological studies conducted using scanning electron micros-
copy (SEM) exhibited the formation of nanocontainers containing nanoparticles in their cores. The release of BTA from the 
nanocontainers was evaluated at different pH values. The anticorrosive performance of the nanocontainers was examined by 
incorporation of the nanoparticles and nanocontainers in a commercial epoxy coating system and to be applied on mild steel 
and magnesium panels by electrochemical corrosion analysis. Tafel plots demonstrated the decrease in the current density 
with an increase in the loading percentage of nanocontainers in the epoxy system while Bode plots confirmed the significant 
improvement in the corrosion protection of the mild steel and magnesium by LCM nanoparticles and nanocontainers.
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Introduction

Corrosion of metals is one of the major destruction pro-
cesses that affect natural and industrial environments. It 
has led to huge economic losses in the aerospace, automo-
tive and petroleum industries [1–3]. The protection of the 
metals by application of a barrier against the permeation 
of corrosive species, in both organic and inorganic coat-
ings, has been widely explored [4–6]. However, on the 
disruption of this barrier, the corrosive species reach the 
metal surface and lead to its deterioration [7–9]. Until today 
chromate-containing coating systems have been found to 
show the best anticorrosive performance but the limitation 
of using a chromate-based coating system is its exceptional 

environmentally destructive oxidation ability. The chromium 
ion  (Cr6+) is found to be toxic and can cause severe diseases 
like cancer [10] which necessitated the restriction on its 
usage in coating applications.

In the process to find solutions for the above problems 
active corrosion inhibition by direct incorporation of cor-
rosion inhibitor in the organic coating was also undertaken 
[11–13]. The effectiveness of such systems depended largely 
on the inhibitor solubility and its release rate at a right 
amount in the corroded area. The decreased solubility leads 
to the absence of inhibitor at the affected area and thus poor 
feedback property. While the increased solubility of inhibitor 
would provide protection to the metal surface but affects the 
coating properties which leads to blistering and delamina-
tion by leaching of the inhibitor.

However, the advancements in nanotechnology have ena-
bled encapsulation of the active species within the trigger 
responsive shell which provides the controlled release of 
active species. Such types of core and shell structures are 
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