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Abstract

We report the effect of Cu®* ion on CaAl,O,4 with different molar concentrations of 0.0, 0.4 and 0.8 M prepared by simple combustion method.
The materials have been characterized by X-ray diffraction (XRD), Fourier transform infrared spectra (FT-IR) and scanning electron microscopy
(SEM). DC electrical conductivity has also been measured to study the electrical behavior of the materials. The XRD patterns confirm the
formation of single-phase CaAl,04 along with some impurity phases like CaAl;O;, CaAl;,0;9 and Ca;,Al;4053. The FT-IR spectra show the
stretching and bending vibrations of the synthesized compounds. DC electrical conductivity of the Ca,_,Cu,Al,O, is found to vary from
26.46 x 107" t0 515.68 x 107* S cm™" for x = 0.0 to x = 0.8 at the measuring temperature of 1000 °C. SEM images show the morphological

features of the compounds.
© 2008 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Monocalcium aluminate, CaAl,O,, finds potential applica-
tions as refractory castables, high strength polymer modified
cement based materials, optical and structural ceramics [1].
Recently, a number of investigations are striking about the
applications of calcium aluminate as luminescent host
materials for Eu?* and Nd** as emission centre and auxiliary
activator [2—4]. It is reported that the monocalcium aluminate
prepared through solid-state reaction requires intermediate
grinding and prolonged calcination at elevated temperatures. It
shows poor sinterability with some impurity phases [1,5]. Wet
chemical methods are preferred for ceramic materials
preparation since they show high sinterability, high surface
area with required stoichiometry. Wet chemical methods have
been tried to synthesis CaAl,0,4 using combustion synthesis
[4,6] co-precipitation [7], sol-gel [8] and Pechini process [9].

The primary aluminium is produced by Hall-Heroult
process by the electro decomposition of alumina in cryolite
melt at 960 °C, using consumable carbon anodes. During
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electrolysis, aluminium metal is deposited at the cathode with
the evolution of CO, and CO at the anode. Recently, ferrites and
aluminates have been tried as alternate anode materials for
aluminium production [10]. These anodes produce environ-
mentally friendly O, gas during electrolysis instead of
greenhouse gases. In this context, we have already reported
Ce** substituted NiAl,O, [11], Mg>* substituted NiFe,Oy4 [10]
and Sn** substituted NiFe,O4 [12]. In continuation of our
studies, we have prepared copper substituted CaAl,O4 using
combustion method. The structural properties of the materials
are characterized using X-ray diffraction (XRD) and Fourier
transform infrared spectra (FT-IR) technique. The electrical
properties have been studied by four-probe method from room
temperature to 1000 °C. The morphological features of the
crystals have been examined using scanning electron micro-
scopy (SEM). The results obtained from the above studies are
discussed in this letter.

2. Experimental procedure

Copper substituted calcium aluminates were prepared from
stoichiometric quantities of calcium nitrate tetrahydrate
(Ca(NOs),-4H,0), copper nitrate trihydrate (Cu(NO3),-3H,0)
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3H,0) and aluminium nitrate nonahydrate (A1(NOs3)-9H,0) as
cation sources. Citric acid monohydrate (CgHgO7-H,O) was
used as the fuel. The metal nitrate salts and citric acid were
dissolved in triple distilled water and heated in a quartz
container around 300 °C. Initially the solution boiled and
underwent dehydration followed by decomposition with the
evolution of copious amounts of heat and gases. The mixture
was then frothed and swelled forming foam, which then
ruptured with a flame. The foamy powders were then heated in
an electrical furnace at 1000 °C for 5 h. After sintering the
powders showed colors ranging from white to pale brown
depending upon the concentration of copper.

The powder X-ray patterns of the products were obtained
using JEOL 8030 X-ray diffractometer with Cu Ka irradiation
(A =1.541 A). FT-IR spectra of the samples were recorded in a
FT-IR, PerkinElmer UK Paragon-500 spectrometer. DC
electrical conductivity was measured as a function of
temperature using a four-probe setup from room temperature
to 1000 °C [13]. The morphological features of the powders
were examined using a scanning electron microscope JEOL
(JSM-3.5 CF) Japan-make.

3. Results and discussion

The powder diffraction patterns of the sintered CaAl,0O,4 and
substituted compounds Ca;_,Cu,Al,O4 are shown in Fig. 1.

The XRD patterns show well-defined peaks, which indicate
the crystallinity and phase formation of the synthesized
compounds. In addition to CaAl,O,4, some impurity phases
like CaAl4O, CaAl;,0;9 and Ca;,Al14053 are also seen as
secondary phases. This behavior is attributed to the fact that
citric acid is a weak acid with low calorific value [9,14]. So, the
heat needed to form the single-phase monocalcium aluminate is
very low at the end of combustion process. Even after sintering
at 1000 °C, some secondary phases are seen due to the slow
conversion of these phases to form single-phase CaAl,O,4 [3].
The lattice constant values, X-ray density and crystallite size of
the synthesized compounds are calculated and presented in
Table 1.

The lattice constant values are found to decrease with increase
in Cu* ions. This may be due to the difference between the ionic
radii of calcium (0.099 nm) and copper ions (0.072 nm). The
calculated lattice constant values are in good agreement with the
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Fig. 1. XRD pattern of Ca;_,Cu,Al,O4. (a) x=0, (b) x=0.4 and (c) 0.8. (@)
CaAlLOy4, (O) CaAlO4, (O) CaAl;,09, (A) Cajy Alyy Oss.
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Fig. 2. FT-IR spectra of Ca;_,Cu,Al,04. (a) x=0, (b) x=0.4 and (c¢) x=0.8.

reported values (JCPDS file No. 70-0134). X-ray density is
calculated using the formula Dy, =8 M/Na’. Due to higher
density of copper than calcium, the X-ray density of the products
increases with substitution. The crystallite size has been
calculated using Debye—Scherrer formula 0.91/8 cos 6. The
values are found to decrease from 65.26 to 29.71 nm as the
concentration of Cu?* ion increases from 0.0 to 0.8 M.

The FT-IR spectra of the samples are shown in Fig. 2.

The absorption bands at 685, 459 and 422 cm™ ! are
attributed to the stretching vibration of Ca—O bond [15]. The
band at 639 cm ™' is due to spinel phase [16]. The bands at 575
and 538 cm ™' are indicating the stretching vibration of Al-O
for octahedrally coordinated aluminium ions [11,17]. The high
frequency band is v; shifts in the range 728-749 cm ™' due to
the preference of Cu”" jon towards octahedral sites [18]. A new
band appears at 942 cm ™' in the case of substituted compounds
is found to be broaden with the increase in concentration of
Cu>* ions. In addition to the predominant bands, some weak
bands are appeared in all the spectra, which represent the
presence of secondary phases.

The temperature dependence behavior of the DC electrical
conductivity of Ca;_,Cu,Al,Oy is shown in Fig. 3.

It can be seen that the conductivity increases with increase in
temperature. It is noticed that parent CaAl,0,4 does not show any
appreciable change in conductivity with respect to temperature.
It shows a conductivity value of 26.46 x 107 *Scm™' at
1000 °C. A highest value of 515.68 x 10~*S cm ™' is observed
for the compound with 0.8 M of copper addition. The increase in
conductivity with temperature is due to the mobility of the charge
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Fig. 3. Plot of DC electrical conductivity vs. temperature of Ca;_,Cu,Al,O4.
(W) x=0, () x=04 and (O) x=0.8.
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Table 1

XRD data of the samples prepared by combustion synthesis
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Compound Lattice constants XRD density (g/cm®) Crystallite size (nm)
a b (A) c (A

CaAl,04 8.706 8.117 15.164 1.959 65.26

CaAlL,O4 (Cu=04) 8.655 8.085 15.119 2.102 40.90

CaAl,O4 (Cu=0.8) 8.609 8.046 14.895 2271 29.71
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Fig. 4. SEM photos Ca;_,Cu,Al,O4 (a) x=0, (b) x=0.4 and (c) x=0.8.

carriers as well as the migration of metallic Cu™ ions [19]. The
Cu* ions are made available by the reduction of Cu** ions, which
in turn makes excess holes according to the following mechanism
[20]:

Cu*" & Cu' +e'(hole)

The conductivity of the compound Cag,CuggAl,Oy
increases steadily up to 800 °C, after which a surge is observed
due to large hopping of polarons. Generally, aluminates are
poor conductors than ferrite materials, hence the conductivity
of these ceramics are lying in the range of insulator—
semiconductor.

The SEM micrographs of Ca;_,Cu,Al,O4 (x =0.0, 0.4 and
0.8) after sintering at 1000 °C are shown in Fig. 4

The micrographs are selected to be the representative of the
size and texture of the grains. Fig. 4a and b consists of
polygonal-shaped grains with small incrustations on the
surface. The presence of these incrustations is probably due
to the influence of secondary phases. As the substitution of Cu**
ion increases, the morphology has been modified and the grains
are larger in size.

4. Conclusions

The combustion synthesis is found to be a simple method for
the preparation of aluminates. XRD patterns show the phase
formation of CaAl,0,4 with some impure phases. FT-IR spectra
exhibit the stretching and bending vibration of spinel
aluminates. DC electrical conductivity studies reveal that the
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synthesized compounds exhibit semi-conducting behavior at
high temperatures. The maximum conductivity of 515.68 x
107*Scm ™! is observed for the compound with the substitu-
tion of Cu®* at 0.8.
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