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INTRODUCTION

Thernard's blue; CoAl2O4 spinel is one of the most popular
inorganic pigments1. Its physicochemical features, such as high
thermal and chemical stability, high resistance to acids, alkalis,
light and various atmospheric agents make it suitable for
various industrial applications, such as ceramics, glass, plastics,
paint, paper, rubber and color TV tubes2-4.

CoAl2O4 has been conventionally synthesized using solid-
state method5 at temperatures above 1000 °C, for long periods
of time. Wet-chemical methods have also been extensively
applied, among them: coprecipitation method6, hydrothermal
synthesis7, sol-gel route8, low temperature combustion
synthesis9, complexation method10.

The key elements for CoAl2O4 is the constituent of cobalt,
which is the source of the observed blue color1,11. However, the
preparation of blue aluminate pigments suffers several disad-
vantages that arise from the fact that cobalt is scarce, expensive
and, most importantly, toxic. In this context, the reduction of
the cobalt content of such oxide pigments would prove of value,
from an environmental perspective, assuming that its coloration
properties could be maintained.

Many researchers studied CoZnAl system. Visinescu et al.1

prepared nano-sized CoxZn1-xAl2O4 (x = 0.0-1.0) using a novel,
starch-based synthetic route. The system was characterized
using fourier transform infrared (FT-IR), X-ray diffraction
(XRD) and scanning electron microscopy (SEM).
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de Souza et al.8 synthesized CoxZn1-xAl2O4 system (x =
0.0-1.0) by polymeric precursor method. X-ray diffraction,
differential thermal analysis-thermogravimetry (DTA-TG), IR,
ultraviolet-visible spectroscopy and colorimetry techniques are
used to characterize the system.

Barroso et al.11 prepared CoZnAl catalysts through citrate
sol-gel method and characterized by different techniques such
as atomic absorption, TG, BET, TPR, XRD, Raman and SEM-
EDX techniques.

In this study we will report an environmental friendly
synthesis method for this oxide-based pigments. A novel,
less-toxic, flexible, economic and reproducible egg-white
method12-15 will be used for the synthesis of zinc-substituted
cobalt aluminate oxide spinels; Co0.5Zn0.5Al2O4. In this method,
the egg-white has a triple role during the synthesis as comp-
lexing, template and gelation agent. The thermal decompo-
sition of the as-prepared precursor will be followed by TG
technique up to aluminate formation. The prepared aluminates
will be characterized using XRD, FT-IR and TEM. In addition,
the electrical properties as a function of temperature and
frequency will be measured.

EXPERIMENTAL

The starting materials; Co(NO3)2·6H2O, Zn(NO3)2·6H2O,
Al(NO3)2·9H2O are all of analytical reagent and were used as
supplied. Stoichiometric amounts of nitrates to assure the com-
position to reach Co0.5Zn0.5Al2O4 were mixed with 60 mL of
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freshly extracted egg-white as in the procedure previously
described13,15. The resultant gel were evaporated until dryness
and the obtained as-prepared precursor was then calcined in
an electric oven at 800 °C for 2 h.

Techniques: The thermal decomposition behavior of the
as-prepared egg-white precursor was followed through
thermogravimetry technique (TG) using a Perkin-Elmer,
STA 6000 thermal analyzer up to 800 °C at a heating rate of 5
°C/min in air atmosphere.

The aluminates formation, phase purity and crystallinity
were identified by X-Ray diffraction technique using a Bruker
D8 high-resolution diffractometer with nickel filtered Cu-Kα1
radiation. Lattice parameter, cell volume, X-Ray density and
the crystallite size were calculated using equations from15.

Fourier transform infrared (FT-IR) spectra were recorded
in the range 1000-200 cm-1 on JASCO FT-IR 310 spectrometer
using KBr pellet method. TEM images of the obtained alumi-
nate was monitored using a JEOL 2010 transmission electron
microscopy operated at 80 kV. The electrical measurements,
were carried out on a pressed pellets (1 cm in diameter and
about 1 mm in thickness) coated with silver paste, in the fre-
quency range 100 Hz-5 MHz up to 550 K, using a Hioki LCR
bridge model 3531.

RESULTS AND DISCUSSION

Thermal decomposition of the gel-precursor and

aluminate formation: Fig. 1 shows TG-DTG curves of the
gel-precursor with x = 0.5. From the figure, it is obvious that
the decomposition proceeds through four overlapped steps up
to about 550 °C after which a constant weight loss was obtained.
According to the decomposition temperature range, the first
two steps can be attributed to the dehydration of the precursor.
The following steps represent the combustion reaction between
the organic moiety (egg-white) as a fuel and nitrates act as an
oxidant. No further weight losses can be obtained even by
rising the temperature up to 800 °C.
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Fig. 1. DTA-TG curves in air of gel-precursor with x = 0.5.  Heating rate =
5 ºC min-1

X-Ray diffraction study: X-Ray diffraction of the as-
prepared powder produced an amorphous material with few
weak broad peaks between 2θ values of 30° and 40° which
could not be identified as crystalline phases of zinc or cobalt
aluminates. Fig. 2 shows X-Ray diffraction patterns of the
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Fig. 2. XRD pattern of the precursor calcined at 800 °C

calcined powders at 800 °C. All the observed peaks are attri-
buted to a single-phase cubic polycrystalline CoZnAl2O4

(JCPDF file No. 76-0070) without any indication for the
presence of secondary phases which suggests the complete
formation of aluminate phase.

The considerable broadening of the diffraction peaks
indicates nano-sized characteristics of the calcined powder.
The crystallite size calculated from the half-width of the
diffraction peaks using Schererr's formula15 amounts to 19 nm.
In addition the calculated lattice parameter (a) and X-Ray
density (Dx)16 are 8.071 Å and 4.55 g cm-3, respectively.

FT-IR spectrum: Fig. 3 shows FT-IR spectrum of the
calcined powder at 800 °C. From the Figure, it should be noticed
that, two stretching vibration bands in the range 500-800 cm-1

are appeared. It is well known that, spinels structure display
two stretching bands in the range 500-900 cm-1, associated
with the vibrations of metal-oxygen, aluminum-oxygen and
metal-oxygen-aluminum17-19. These two stretching bands can
be ascribed, in accordance to the literature data20,21, to cobalt
zinc aluminate spinel.
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Fig. 3. FT-IR spectrum of Co0.5Zn0.5Al2O4

Transmission electron microscopy: Transmission electron
microscopy image of the prepared aluminate sample (Fig. 4)
exhibited regularly shaped agglomerated cubic particles with
average size of about 20 nm agrees well with that estimated
through XRD measurement. The agglomeration characteristic
can be attributed to electrostatic or van der Walls forces created
between particles22.
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Fig. 4. TEM image of Co0.5Zn0.5Al2O4; (scale bar: 100 nm)

Ac-conductivity measurement: The measured Ac-
conductivity as a function of temperature and frequency for
Co0.5Zn0.5Al2O4 is illustrated in Fig. 5. The observed metallic
behavior predominated at low temperatures region up to about
450 K, in which the conductivity decreases with increasing
temperature, can be ascribed to the evaporation of adsorbed
water molecules, which usually behave as an electron donor23.
At higher temperatures, the plot of ln σ vs. 1/T obeys the
Arrhenius relation, indicating the semiconducting behavior of
the entire aluminate. The room temperature conductivity value
(calculated at 10 kHz) is 3.4 × 10-4 Ω-1 cm-1. The calculated
activation energy in this region amounts to about 1.9 ev.
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Fig. 5. Relation between ln σ and reciprocal of absolute temperature as a
function of applied frequency for Co0.5Zn0.5Al2O4

The increase in conductivity with increasing frequency
can be attributed to the pumping force transferring charge
carriers between different localized states as well as liberating
trapped charges from different trapping centers24.

Conclusion

Nano-sized Co0.5Zn0.5Al2O4 was successfully synthesized
through simple, economic and environmentally friend egg-
white method. XRD indicates the formation of single phase
cubic spinel structure. FT-IR measurement exhibited the
characteristic vibration bands of the spinel. TEM image showed
average crystallite size of about 20 nm agrees well with that
estimated through XRD measurements. Ac-conductivity
measurements indicates the semiconducting behaviour of the
obtained aluminate.
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