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surfaces.

Using ceramic and sol gel methods, blue nano cobalt-alumina pigments with
spinel structure were prepared. Magnesium was also added to produce another
series of pigments. The obtained pigments were characterized by XRD and TEM.
The results revealed that the produced compounds have spinel structure with nano
size. The introduction of magnesium in the cobalt spinel pigment yields more
lighter colors. These pigments were successfully applied for coating metallic

1. Introduction

The particular surface effect, volume effect and quantum
size effect ™~ become apparent because the ratio of the
surface atomicity to the bulk atomicity of nanometer
particles increases sharply when the diameter of
nanometer particles decreases. Therefore, nano particles
have a series of new physical and chemical
characteristics, which make them have considerable
application prospects in adsorption, optics, catalysis,
electricity and magnetism, etc. Searching for a suitable
preparation method of nanometer particles and studying
the structure and other properties of nanometer materials
are among the important issues involved for nanometer
science applications. Composite oxides with spinel
structure (AB,O4) are important inorganic metalloid
materials and are widely used in different fields. They
are used not only as heat-resistant pigments that can be
applied to color up porcelain and ceramics ), but also as
gas-sensitive materials ¥ catalytic materials !,
magnetic materials ' and wave absorption materials .
The conventional preparation method of spinel pigments
is the solid phase synthesis method under high
temperature. The shortfall of this method is that it
requires a high calcinatory temperature (1200°C) which
consumes a considerable amount of energy ®. In
addition, not only the diameter of pigments obtained is
large but also the granularity distribution is non uniform,
and the pigment particle is hard, which influence the
performance of pigments. In this paper, blue nanometer
pigments with spinel structure were prepared by ceramic
and sol gel method.
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The nano particles obtained were characterized by X-ray
powder diffraction (XRD), transmission electron
microscopy (TEM).

2. Experimental

2.1- Spinel preparation using ceramic method.

Raw materials (Co(NOs3), and AICI3) were from Merc
used as received. The (Co(NOj3), and AICI3) in mol ratio
1:2 mole were mixed and the resulting mixture was
heated at 300°C for 1hr. till the cessation of fumes, then
it grind and heated at1000°C for 3hrs. Mg Cl, was
added to the mixture in the proportions (Cox Mg
Al,O,4), where x = 0.25, 0.5, 0.75. The final produced
solids were examined by X-ray powder diffraction
(XRD) analysis and transmission electron microscopy
(TEM).

2.2 Spinel application

The prepared spinels were mixed with suitable alkyd and
used for coating the metallic surfaces.

3. Results and discussion

Solid-solid interaction between (Co(NOs3), and AICl3) at
1000°C for 2hrs., yields a compound with bluish-black
color which can be considered as a mixed spinel of
Co304 (black) and CoAl,O, (blue). This mixture
obtained because the two compounds have nearly the
same d-spacing on the XR-Diffractogram (Fig. 1). The
increase of time of calcination up to 3 hours produced a
solid with bright blue color i.e. a complete solid-solid
interaction between cobalt and aluminium oxides was
attained producing well crystalline cobalt aluminate
spinel (Fig. 2). The TEM showed that the particle size of
the spinel is in the range (20-100nm) as shown in Fig. 3.
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This means that the thermal treatment for 2hrs. is not XRD patterns of synthesized cobalt magnesium
sufficient for complete reaction between Cobalt oxide aluminate spinels are shown in Figs. 4-6. The
and Al,O; to achieve well crystalline spinel CoAl,O4,  existence of a peak with d= 2.4 confirms the
while the increase of time of thermal treatment up to  formation of cobalt-magnesium aluminate. Separate

3hrs. at 1000°C produced well crystalline cobalt  MgO crystalline phase was also observed.
aluminate.
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Fig. 1: XRD patterns of Co;04 and CoAl,O, mixture prepared by ceramic method 2hrs. at 1000°C. S, spinel.
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Fig. 2: XRD patterns of CoAl,O, prepared by ceramic method 3hrs. at 1000°C. S, spinel.

Fig. 3: TEM for 2hrs. reaction is needed. It will give mixture of the CO;0, and Al,O; as suggested.
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Fig. 4: XRD pattern of thermal product of Co(NOs),, MgCl, and AICI; using ceramic method 3hrs at 1000°C in molar ratio 0.75Co:
0.25Mg:2Al, respectively. S, spinel.
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Fig. 5: XRD pattern of thermal product of Co(NO3),, MgCl, and AICIl; using ceramic method 3hrs. at 1000°C in molar ratio 0.5Co:
0.5Mg:2Al, respectively. S, spinel; Mg, MgO.

Fig. 6: XRD pattern of thermal product of Co(NOs),, MgCl, and AICI; using ceramic method 3hrs. at 1000°C in molar ratio
0.25C0:0.75Mg:2Al, respectively. S, spinel; Mg, MgO.
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From the above figures, it can be shown that the
addition of small amount of Mg showed nearly the
same XR-difractogram as the mixture without
magnesium cf. Fig. 4 The increase of magnesium
content up to 0.5: 0.5 Co showed the appearance of
the patterns of single MgO crystalline phase (Fig. 5).
Further increase of magnesium leads to increase in
the intensity of the patterns of the crystalline MgO
phase.

The investigation of the formed spinel was studied by
TEM. The micrographs obtained for these materials
presents a detail of the composite. The TEM images of
Mgy Co1Al,O4 x=0.5 or 0.75 demonstrates that the
sample particle size is small and measured about 20-
50nm cf. Fig. 3 . The sample is a uniform distribution of
spherical particles with no obvious aggregation. The
increase of magnesium content showed a detectable
decrease in size and more lightness of the particles.

M:150kx

Fig. 7: TEM image of thermal product of Co(NO3),, MgCl, and AICl;
using ceramic method 3hrs. at 1000°C in molar ratio (0.5Co: 0.5Mg:2Al)
respectively.

Fig. 8: TEM image of thermal product Co(NOs),, MgCl, and AICl; using
ceramic method 3hrs. at 1000°C in molar ratio (0.25C0:0.75Mg:2Al)
respectively.

By using CoAl,O, and Cox Mg;.x Al, O4 as pigments
where it mixed with alkyd and covered the metallic
surfaces , it exhibit good hiding to the surface because of
they have the advantages of nano particles (Fig. 9).

4. Conclusion

In this paper, ceramic method was used to prepare
nanometer CoAl,O; and CoyMg;.,Al,O4 pigment with
spinel structure.

The crystallite size of the samples obtained using
Scherrer equation kA= cos 6 confirms that all samples
are in the nano size in range 20pum to 40 pum.

The prepared pigments exhibit good hiding effect for the
metallic surfaces when it applied as pigments for coating.

Fig. 9: The coated metallic surfaces with different colored pigments.
a—CoAI204 + 00304, b-COA|204, C-C00,75 Mgo'25A|204, d-COo,sMgo,sAlzoli,
-C00.25Mgo.75Al20,
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