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Abstract The corrosion protection of aluminum flake

pigments has been extended by means of an encapsulating

inorganic/organic silica/polystyrene hybrid nanolayer. A

silica nanolayer encapsulated the surface of aluminum

flakes (Al) by hydrolysis and polycondensation of tetra-

ethylorthosilicate via sol–gel process to yield Al/Si flakes.

Then, 3-methacryloxypropyltrimethoxysilane (MPS) was

used as surface modifier which has polymerizable groups to

participate in polymerization reaction (Al/Si/MPS). A

polystyrene (PS) coating layer was applied on Al/Si/MPS

flakes by free radical polymerization of styrene initiating

with Azobisisobutyronitrile at 60 �C and subsequent

washing of free chains with solvent yielded Al/Si/PS

flakes. Fourier transform infrared spectroscopy, energy-

dispersive X-ray spectroscopy and scanning electron

microscopy showed that silica and PS nanolayers were

formed on the aluminum flakes. The attached PS chains on

the surface were detached by hydrofluoric acid aqueous

solution and analyzed by gel permeation chromatography

(GPC). Also, a transmission electron microscopy image

showed clearly that the encapsulating layers are in the scale

of nano. Good results were obtained in terms of corrosion

protection in acidic and alkaline solutions, indicating that

the silica/polymer hybrid nanolayer coating acts as an

efficient protective film. After encapsulating the flakes, the

evolved hydrogen volume was dropped and hybrid nano-

layer resulted in no evolved hydrogen volume.
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Introduction

Aluminum pigments have been widely used in paints, inks

and plastic industries for many years due to their special

metallic appearance [1, 2]. These flakes are usually pro-

duced by grinding aluminum foil in ball mill with white

spirit and fatty acid as solvent and lubricant, respectively.

They can then be dried to form powder or be held often in

form of paste with organic compounds [3, 4]. However,

when they contact with water, acid and alkali media, cor-

rosion causes evolution of hydrogen as follows [5–10]:

2Alþ 3H2O! Al2O3 þ 3H2 ð1Þ
2Alþ 6H2O! 2AlðOHÞ3 þ 3H2 ð2Þ

2Alþ 6HCl! 2AlCl3 þ 3H2 ð3Þ
2Alþ 2OH� þ 6H2O! 2AlðOHÞ�4 þ 3H2 ð4Þ

To improve the chemical corrosive inhibition of aluminum

flakes, extensive research has been performed on their surface

modification including surface treatment with corrosion

inhibitors and encapsulation of the pigments by organic or

inorganic materials. Early works in this field involved

harmful chromium (VI) complexes or other heavy metal-

based compounds [11, 12] and now, the work is developed on

less poisonous alternatives. However, encapsulation of

pigments is an efficient way to protect them from corrosive
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