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and viscoelastic behavior of hybrid coatings

A. Ershad-Langroudi • A. Rahimi

Received: 2 February 2013 / Accepted: 8 January 2014 / Published online: 30 January 2014

� Iran Polymer and Petrochemical Institute 2014

Abstract Organic–inorganic hybrid nanocomposite

coatings contain inorganic particles that are dispersed in

organic phase in nanometric dimensions. Ceria and zirco-

nia colloidal dispersions are uniformly distributed in the

epoxy silica-based hybrid nanocomposite by sol–gel

method and coated on 1050 aluminum alloy substrate with

spin-coating technique. The hybrid sol is prepared by

organic–inorganic precursors formed by hydrolysis and

condensation of 3-glycidoxypropyltrimethoxysilane and

tetraethylorthosilicate (TEOS) in acidic solution using bi-

sphenol A as networking agent and 1-methylimidazole as

initiator in the presence of various ratios of ZrO2 and CeO2

colloidal nanoparticles. Particle size distribution, surface

morphology and inorganic components distribution were

determined by scanning electron microscopy (SEM) and

EDXA techniques. SEM and Si, Zr, Ce mapping micro-

graphs proved the uniform distribution of nanoparticles in

the coatings. Transmission electron microscopy indicated

that the nanoparticles dimension stay at the nanoscale

level. The glass transition temperature (Tg) and loss prop-

erties (damping) of coatings were evaluated by dynamic

mechanical thermal analysis. The corrosion protection of

the coatings on the 1050 AA substrate was studied by

potentiodynamic measurements. The results indicated that

by introducing ceria nanoparticles in 1:1 molar ratio to

TEOS in coating composition, corrosion protection was

improved. However, the simultaneous presence of two

nanoparticles (i.e., ceria and zirconia in 1:1 molar ratio) in

the coating compositions increased the corrosion protection

efficiency up to 99.8 %. The multiple glass transitions and

shifting to higher and wide range of temperatures by add-

ing ceria and zirconia nanoparticles indicated a better

network interaction between inorganic nanoparticles and

organic molecular chains which also led to better corrosion

protection of the coating in this composition.
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Introduction

The natural oxide film formed on the aluminum alloy

surface is not able to protect the under laying metallic

substrate in severe corrosion conditions. One of the most

effective techniques is the electrical isolation of anodic

medium from the cathodic one by suitable coatings.

Chromate conversion coatings are the most efficient tech-

nique for aluminum alloy. But chromium-based coating

techniques are highly toxic due to carcinogenic hexavalent

chromates [1, 2].

In recent years, a large number of studies have been

devoted to the silane modification of the nanoparticles and

composite preparation of various kinds of coatings [3–5].

The inert character of silane-based hybrid coatings in the

corrosion media attracted considerable interests as an

environmental-friendly chemistry [6–8]. Several oxides in

nanosizes are used in coating materials as reinforcing filler

to improve the chemical and mechanical properties

including resistance to oxidation, corrosion, erosion and

wear [7]. Among these nanoparticle oxides; CeO2 and ZrO2

are more useful materials due to their resistance to high
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