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Abstract

Pure a-Alz03 compound and its nickel (Ni) composites were prepared with different weight ratios
according to the formula ((NiO) x (Al203)1.x), where (x = 0, 0.125, 0.25, 0.375, 0.50 g) through the chemical
co-precipitation method. These were calcined at 1300 <C, and the prepared samples were characterized
using different techniques such as XRD and FT-IR spectroscopy. The investigation by X-ray diffraction
(XRD) showed that the prepared a-AloOshad only one pure phase of a-AloOs with a crystallite size of 33nm,
while the NiAl2O4 composites were formed in different phases according to the weight ratios of the NiO
used (NiO/NiAl204, NiAl2O4, Al2O3 / NiAl2O4). In addition, the crystallite sizes of the phases of the
resulting composites ranged from 35 — 50nm, and increased with increasing NiO content. The best result
was obtained for the NiAl2O4 composite at x = 0.25¢g, where the characterization by FT-IR spectroscopy
showed that the pre-calcined composites at 500 ‘C initially formed the spinal phase of the doped
composites, but the composites prepared at the final sintering temperature of 1300 <C formed the pure and
spinal phases. The effective NiOsgroup was formed at the tetragonal sites and a part of it was formed in
the octahedral sites, while the effective group (AlO¢) was formed at the octahedral sites, thereby indicating
that the material was in the spinal inverse and spinal phases. The A.C. conductivity indicated that the
highest value of the dielectric constant was at a minimum frequency and decreased with increasing
frequency at low frequencies as a result of the effect of a vacuum charge and ionic polarizations. However,
at high frequencies, it was found that the dielectric constant did not depend on the frequency, thereby
indicating that the dipole moments followed the electric field only at low frequencies. In addition, the A.C.
conductivity showed that the conductivity increased with increases in the frequency according to the
correlated barrier hopping model (CBH), where the charge carriers jump up from one site to another
causing the A.C. conductivity to increase with increasing frequency
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Introduction

It is difficult to limit ceramic materials to a
specific definition as they are multi-inorganic
materials such as oxides, nitrides, and
carbides that have a stable structural system
and are able to withstand high temperatures
[1, 2]. These materials have wide applications
in many industrial fields because of their
ability to withstand high temperatures and
their high stability with regard to chemical
materials [3, 4]. The  outstanding
characteristics of ceramic materials, namely,
their hardness, low thermal and electrical
conductivity, and tolerance of high
temperatures, have made them of great
importance in many industries and
applications. Aluminium oxide is one of the
most important ceramic materials with many
applications  because of its  various
characteristics such as optical transparency,
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high electrical and thermal insulation, and
the fact that it is a stable chemical compound
[6]. The importance of a doped alumina
compound is characterized by a wide range of
auxiliary factors. It can be processed at a low
cost and with specific characteristics,
including an increased surface area, as well
as a precise balance in the formation of its
surface (ACID-BASE), and the significant
reinforcement of its mechanical properties
[6,7]. NiAl2Os4 is one of the most important
alumina ceramic compounds, and it is used in
many applications such as catalysts,
pigments as well as magnetic materials [7-
12]. This compound is attracting attention
due to the possible formation of methane
vapour as well as dry methane [12, 13, 15],
which play a significant role in direct
reduction in the production of active nickel
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metal particles from NiAl2O4. It is necessary
for the production and formation of layers in
the spinal crystalline phase of the nickel-
alumina composite from the traditional
alumina compound with the help and support
of the nickel element. In addition, a nickel-
substituted alumina in the form of a nickel-
alumina composite through re-oxidation is
meant to improve the physical properties of
the composite and produce active agents.

The presence of nickel-alumina layers
prevents the calcinations and aggregation of
nickel particles [17] which, in turn, will
result in high stability with no carbon in the
group. This is one of the main drawbacks in
the simultaneous formation of a crystalline
nickel-alumina composite system on the
surface, which is considered to play an
important role in increasing the high
efficiency of the NiAl:O4 composite with the
formation of methane vapour [17].Today, the
NiAl2O4 composite is a potential alternative
to the conventional alumina, with additional
benefits and suitable fittings due to the
flexible design of the overlapping layers, and
the control of its stability and good behaviour
[18].

Experimental Method

A nickel-alumina composite (NiAloOs) was
prepared by the chemical co-precipitation
method with different weight ratios of the
raw materials involved in the chemical
reactions according to the formula
(N1O)x(Al203)1x, where x = 0, 0.125, 0.25,
0.375, and 0.5 g of the raw materials. The
chemical materials that were used to
synthesize the samples were Al (NOs) 3.9H20
(Himedia, India, 95.0%), Ni (NOs3)2.6H20
(AAG, Barcelona, 99.9%) and NH4sOH (Sigma
Aldrich, Germany, 25%). A stoichiometric
amount of the above weight ratios of both (Al

dissolved in 100 ml. of distilled water. The
solutions were mixed together in a beaker
and slowly heated up to 60 ‘C. A magnetic
stirrer was used for 30 minutes to obtain
homogeneity, and then a diluted solution of
NH4OH(10%) was added drop wise until the
pH reached a value of 11-12.The obtained
precipitate was separated, filtered, and
washed with distilled water several times to
remove the impurities and unreacted
nitrates. It was then dried in an oven at 80 C
for 48 hours. The final precipitate powder
was pre-calcined at 500 ‘C before being
pressed into the form of pellets with a
diameter of 12 mm wusing a pellet press
(Specac, England) under a pressure of 3
ton/cm? for the A.C. measurements.

Finally, the powder was calcined in air at
1300 C for 3 hours in a furnace (Carbolite,
England). The furnace was then cooled slowly
to room temperature at a rate of 10 °C /min.
The structural characteristics of the prepared
samples were determined by Fourier-
transform infrared spectroscopy (FT-IR,
model IR-Affinity, Shimadzu Corporation) in
order to study the information concerning the
different stretching and bending bonds of the
nickel-alumina composite powder prepared
by the chemical co-precipitation method.

The final product of the powder was analysed
by means of the X-ray diffraction patterns
obtained in the 20 range of 20° to 60° using a
Philips XRD-6000-Shimadzu diffractometer
with Cu Ka radiation (A =1.5406 A) operating
at 40 kV and 30mA to identify the current
phases. The dielectric properties as a
function of the frequency in the range of 50
Hz-1MHz were investigated using an LCR-
meter (LCR-8105G, Gwinstek, Thailand) to
manufacture a laboratory-designed cell at
room temperature. The dielectric constant (g')

; was calculated based on the following
(NO3)3.9H20) and (Ni(NOs)2.6H20) were relationship [19];
. d
="
S0
Where, C 1is the capacitance, d 1is the The dielectric loss (g”) was calculated

thickness of the disc “0is the permittivity of
the free space, and A is the cross-sectional
area of the disc.

1

according to the relationship [19]:

E = O
272- ° 1000 - 80 (2)

Where O isthe A.C. conductivity.
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The dielectric loss tangent (tand) was
tans = 8—
e

Results and Discussion
Structural Properties
X-Ray Diffraction Spectroscopy

The XRD pattern for the a-Al:O3 powder,
which had been prepared and calcined at
1300 °C, was found to be that of pure a-Al2Os,
which corresponded to the ICDD Standard
Card No0.00-010-0173, as shown in sample A,
where the peak sites were identified
accordingly, as shown in Fig. (1A). However,
it was observed from the XRD pattern for
sample N1 that there were two phases,
corresponding to a-Al:O3 and NiAl:O4
through the angle of 19.1° belonging to the
(111) plane, which referred to the phase
formation of NiAl2O4 while the angle of 25.6
corresponded to the a-Al:Os phase that had

calculated using the relationship:

3)

corresponded with the two ICDD Card Nos.O-
01-0-0 339 and 00-010-0173.

The results of the XRD pattern for the
sample N1 which was being investigated
showed the formation of an impurity phase of
the powder due to the appearance of a peak
at 25.6 which did not belong to the required
powder but was the result of weak
crystallization in the powder. This result
corresponded with those reported by Hussein
et al. [14] and Taylor et al, thereby
indicating the formation of an impurity phase
of Al203-NiAl:04 [15]. The formation of an
impurity phase in the powder occurred as a
result of weak crystallization in the powder,
which corresponded with the results obtained
by Zangouei and others [16], as shown in
Figure (1, N1).
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Figure 1: XRD Samples (A) Pure (a-Al:03), N1 (Al:O3 / NiAl:04), N2 (NiAl:O4), N3 (NiO / NiAl:04)

The XRD pattern for the investigated sample,
N2, showed the formation of only one phase
in the prepared NiAl:Ospowder, with no
impurity phase of a-Al:Osbeing observed in
the prepared powder. This corresponded
entirely with the ICDD Standard Card
No0.00-010-0339.The above results can be
interpreted in terms of the reaction
mechanism that occurs when metal nitrates
are decomposed by heat, where a lot of gases
such as NO and NO: are emitted and may
cause deformation of the attachments
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between the elementary particles involved in
the chemical reaction. This, in turn, will
prevent interactions. Therefore, the presence
of NiO molecules, which had decomposed
from the nickel nitrate, could have spread
through the molecules of the alumina
particles and their surface, thus resulting in
the non-detection of the alumina particles
during the XRD spectroscopy measurements
as they had been transformed into the pure
phase of the nickel alumina composite, as
shown in the Figure (1,N2).This
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corresponded with the results reported by
Hussein et al., who investigated the effect of
nitrogen oxide in the reaction to obtain the
pure phase of the composite [14]. The XRD
results for the other samples, namely N3 and
N4, showed that the two phases of the
prepared powders that were observed were
those of NiAl:Os and NiO, which
corresponded with the ICDD Card Nos.00-

kA

COS@ﬂhkl

Where D is the average crystallite size of the
phase, B is the Scherer constant for the full
with half maximum (FWHM), A (0.89) is the
wave length of the X-ray beam used, and 0 is
the Bragg angle of diffraction. The
calculation of the crystallite size of the
prepared samples showed that the crystallite
size of the NiAl:Oscomposite increased with
an increase in the NiO ratio, where
increasing the Al:Os ratio caused an increase
in the crystallite size, whereas the difference
in the 1onic radius between Al *3 (ion radius =
53°A) and Ni *2 (ion radius = 74°A) caused the

010-0339 and 00-047-1049, where the
presence of the impurity phase (NiO)
corresponded with the results reported by Hi-
bo et al., who explained that there are
multiple phases involved in the formation of
the same composite [17]. The crystallite sizes
of the investigated samples were calculated
through the use of the Scherer equation [20]:

crystallite size to increase [18]. However, the
substitution sites between the Al *3 cations
and Ni *2 cations in the crystalline lattice
caused a crystalline defect, which may have
been repeated to produce a lattice phase of
the current NiAl2Os composite or may be
destructive to crystalline formation if the

substitution ratio was large [21]. The
following table shows the structural
parameters of the a-Al2O3 and NiAl204

powders prepared by the chemical -co-

precipitation method.

Table 1: XRD spectroscopy parameters of (a-Al:03) and (NiAl:O4)

sample Code hkl 20(deg) FWHM(deg) d o A) Lattice D Cell
il constant (nm) volume
(@o) o A Xcelé
(°A%)
Al;03 A 116 57.61 0.2596 1.59868 a=4.758, 36.55
¢=5.128
Al203/NiAlO4 N1 440 65.73 0.2196 1.41945 8.0297 44.99 518
NiAl:O4 N2 440 65.83 0.2083 1.41757 8.0184 47.46 515
NiO/NiAl2O4 N3 440 65.62 0.1994 1.42145 8.0411 49.5 520
NiO/NiAl;O4 N4 440 65.67 0.2811 1.42056 8.0362 35.13 519

FT-IR Spectroscopy

The FT-IR spectrum of the a-Al:03 and
NiAl:Os4 composite powders, which were
prepared with different ratios of the raw
effective material and calcined at a
temperature of 500°C, explained that the
extension vibrations of the free carboxyl
group (C-O) bands were observed in the
range of 1400 -1760 cm'Thesecould be
divided into two bands that appeared in the
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middle and at the terminals of the free
carboxyl transmittance bands.

The first absorption band observed was close
to the absorption bands at 1700cm-, which
referred to the free carboxylic groups
resulting from the acetone residues that were
used for washing the samples before drying.
Cracks were observed at the absorption
bands of 1396.9cm?! and 1644.52cm,
respectively, corresponding with the results
reported by Geng et al. [22].
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The absorption bands observed in the range
of 700cm™ to 900cm-were the result of the
coordination between the Al** and Ni*2
cations, where the appearance of metal
cations was due to an increase in the
calcination temperature, which caused the
transformation of the metal cations into
oxides. The bands in the range of 590cm-
lwere due to the metal-oxide vibrations of the
spinal structure of the NiAl204 composite for
all the samples, except for the formation of
the aluminium oxide (Al-O) sample, as shown
in Figure 3. At the final calcination
temperature of 1300 °C, the appearance of
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absorbent bands was observed at 1000 ecm™,
which indicated the formation of the M-O
spinal phase.

The absence of the absorption bands of the
free carboxyl group (C-O) for all the samples
meant that the impurities had been removed
after the high-heat calcination, and the weak
absorbance bands that appeared in the range
of 2354cm1-2365cm'were due to the IR
bands of the air between the source and the
target. This was consistent with the findings
of Nassar et al., Dash et al., Li et al. and
Tripathy et al., which explained the reasons
for the appearance of this band [23-26].
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Figure 3: (FTIR) Spectrum A: at (500°C), B: at (1300 °C).

(A.C) Conductivity

The interaction of the external electric field
with the dipoles of the dielectric materials in
the A.C. conductivity measurements can be
explained from the movement of the charge
carriers through the dielectric materials,
whereby the dielectric properties were
studied as a function of the frequency, which
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had a strong relationship with the structure
of the molecules. However, a change in the
dielectric constant (') as a function of the
frequency of the prepared samples of the
((N10O) (Al203)1-x) composite, as
demonstrated in Figure (4A), showed
thate'decreased with an increase in the
frequency, and it was independent of the

X
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frequency at higher frequencies, where the
dipole moments followed the external electric
field at the low frequencies that arose from
the different types of polarizations. However,
at higher frequencies, the electric field did
not change the direction of the ions due to the
electronic exchange interaction in the ions.
Kurien et al. observed a similar behaviour in
the NiAl204 composite and suggested that the
main reason for the higher dielectric constant
at a low frequency was the ionic and space
charge polarizations [28].From Figure (4B),
the 04 . vs (®) plot showed two regions of
conductivity or the measured frequency
range. It was clear from Figure (4B) that
there was an increase in the A.C.

1284 ——A
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¢ '8
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:‘ v N3
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1204 v

conductivity at a high frequency in the
NiAl:04 sample. The A.C. conductivity at a
high frequency in the NiAl:Ossample was due
to the hopping mechanism of the bound
charges, whereby the free charges hopped
back and forth between the well-defined
bound states and hence, the A.C. conductivity
increased at higher frequencies. In the spinal
structure of the nanocrystalline NiAl204
sample, the presence of Al*® ions in the
octahedral sites and of Ni*2 ions in the
tetrahedral sites was responsible for the
electrical conductivity due to the transfer of
electrons between the Al*®* and Ni*3 ions
through the hopping conduction mechanism
[29].
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Figure 4: A, B: Real and imaginary dielectric constant; C: Electrical conductivity
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Conclusion

The powders prepared by the chemical co-
precipitation method with different weight
ratios at a calcinations temperature of
1300 C had multiple phases like NiO /
NiAl204, NiAl204, a-Al2Os / NiAl2Os Thus,
the best result of the NiAl:O4 composite was
a major pure spinal phase formed at the ratio
of x=0.25 at the high calcined temperature
interaction between NiO and a-Al2Os. The a-
Al203 had acrystallite size of 33nm, while the
crystallite sizes of the Ni-substituted
alumina composites were between 35 -
50nm, which increased with an increase in
thenickel oxide content. The NiO and a-Al203
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