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Abstract

Various types of fuels were used in a low-temperature solution combustion synthesis of zinc zirconate nanocomposite at a
pH of 7. In the synthesis, the fuels used were citric acid, glycine, urea, hydrazine hydrate, and ammonium nitrate while zir-
conium butoxide and zinc nitrate were the precursor sources of Zr** and Zn>* ions, respectively. The samples were calcined
for 2 h at a temperature of 600 °C. The study of the structural properties showed varied morphologies ranging from highly
agglomerated surfaces, crystalline aggregates as well as nanorods. There was a gradual growth of zinc zirconate perovskite
within phases of zirconia and zinc oxide. It was observed that there were prominent photoluminescence emissions spread
from violet-blue into the yellow-white regions with peaks varying from about 400 to 490 nm. The energy bandgap of the

nanocomposites was between 2.93 and 3.22 eV depending on the fuel used in the preparation of the sample.
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1 Introduction

Nanomaterials have unique surface features such as large
surface area-volume ratios arising from their reduced crys-
tallite sizes accompanied by extra energy of the surface and
densification of the material. These surface characteristics
have resulted into unique properties which have generated a
lot of interest among scientists [1-3]. Nanocomposite mate-
rials exhibit a combination of properties inherent in the indi-
vidual constituent compounds. Quite often, these properties
are more enhanced than those of the individual compounds
of the composite and are usually dominated more by the
interface or interphase characteristics. It has been observed
that there is easy and perfect growth of multiple phases in a
nanocomposite when the phases are miscible because of the
free diffusion into each other [3-5].
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With promising results, scientists have made great efforts
in the exploration of various ways of synthesizing nanocom-
posites, though the traditional mixing and milling methods
have still remained the most prominent technologies for the
synthesis of single and multiple phase nanocomposite pow-
ders at industrial level [3]. Factors that influence the choice
and viability of a synthesis route are the type of product
needed ( e.g. powder, film), the method’s simplicity, safety,
cost, and rate of production as well as the possibility of
large-scale production [6, 7].

Solution combustion synthesis (SCS) is one of the most
effective wet chemical methods of synthesizing nanopar-
ticles. The SCS method involves redox reactions between
metal oxidants and suitable reducing agents that are used as
fuels in the synthesis. In SCS, well dispersed homogenous
nanoparticles are produced when precursor solutions are
heated to self-combustion. The gases evolved in these reac-
tions assist in the regulation of the final temperature attained
through dissipation of the heat energy produced. The exo-
thermic reactions in the synthesis are self-sustaining hence
the method is fast, convenient and energy saving.[6, 8—10].

SCS systems may be classified in terms of the solvent
used, the oxidizer, and fuel involved. In SCS, water is the
commonly used solvent due to its abundance as well as
ability to dissolve most organic fuels and nitrates without
any secondary reactions taking place. The most common
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oxidizers are metal nitrates, though in some cases, metal
hydroxides or chlorides are as well used. A good oxidizer
decomposes easily at low temperatures releasing active oxy-
gen [11]. An appropriate fuel is not only an easy source of
carbon and hydrogen atoms but one that is characterized by a
low decomposition temperature [12]. Such a fuel should mix
and easily form complexes with metal ions, thereby facilitat-
ing the homogeneity of the cations in the solution. The fuel

Y (Coefficients of oxidising elements in formula X Valency)

(RV +9) is a cheap fuel with a carboxyl and an amino group
at its two ends. By effectively forming complexes with metal
ions of varying ionic sizes and valences, glycine prevents
the selective precipitation and maintains the compositional
homogeneity among the constituents [14, 15].

In SCS, the oxidizer/fuel ratio, ¢ is an important factor
that determines the optimum ratio of the oxidants to the fuel
in the mixture, where

ey

Oxidiser-fuel ratio, ¢ =

(=1) X (Coefficients of redusing elements in formula X Valency)

should readily dissolve in the solvent without leaving any
residual mass once decomposed. Nitrogen compounds and
salts are not classified as fuels though they have been found
to assist in combustion and in aiding the formation of fine
nanoparticles by the prevention of agglomeration [6, 13, 14].

There is no best fuel which may be used successfully in
all combustion reactions but there is still the best choice in
relation to the type of compound being prepared and its spe-
cific application. Common substances classified as potential
fuels include citric acid, glycine, urea, hydrazine hydrate,
carbohydrazide, oxalyl dihydrazide, glycerol, sucrose and
some metal acetates. Deganello and Tyagi [14] found out
that the amino containing fuels are more redox active, fol-
lowed by compounds with the —OH group, then the -COOH.
Further, it has been found that fuels with reducing valences
(RV) greater than 18 usually need some extra thermal treat-
ment at high temperatures in order to remove the residual
carbonaceous content [15].

Urea (RV +6) is a commonly used SCS fuel that has
two amino groups attached to a ketone group. When urea
is used in SCS as a fuel, it favors the precipitation of metal
cations inside the gel during combustion, causing nuclea-
tion and extended agglomeration of the particles. Citric acid
(RV +18) is a low-cost nitrogen free and high carbon fuel
that consists of one hydroxyl and three carboxylic groups.
Citric acid is known for coordinating many metal ions and
the evolution of lots of gases that lead to superior powder
properties. Being a strong reducing fuel, hydrazine (mono)
hydrate (RV +4) is a fuel that consists of two amino groups
capable of explosive combustion mixtures that leave no car-
bon residue in the final product. Its use is convenient when
there is need for high control in the oxidation state. Glycine

Fig.1 Schematic stoichiometric
synthesis of the composite using
different fuels
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When ¢ =1, the mixture is stoichiometric while fuel defi-
cient if ¢ "1 and fuel rich when ¢ < 1. Studies have shown
that maximum combustion energy is released at the stoi-
chiometric oxidizer/fuel ratios [6, 11, 16]. Alves et al. [6]
noted that despite the many SCS studies emphasizing the
characterization of the synthesized materials, there is very
little information on the parameters of combustion such as
the fuel effect. This study investigates the effect of using
stoichiometric amounts citric acid, glycine, urea, hydrazine
hydrate and ammonium nitrate on the nanocomposite prop-
erties. The synthesized powders were examined in order
to establish the composition, yield, structural, and optical
properties of the various phases of the nanocomposite. To
the best of our knowledge, the effect of various types of fuel
has not been investigated in the synthesis of zinc zirconate
nanocomposite.

2 Materials and methods

Figure 1 illustrates the synthesis process of the nanocom-
posite, which was discussed in greater detail in our earlier
work [17]. Analytical grade zinc nitrate (>99% purity) from
Merck and zirconium butoxide (>99%) from Aldrich were
used in this synthesis. The combustion synthesis was ini-
tiated by oxidizing zirconium (IV) butoxide with concen-
trated nitric acid in a fume chamber into completion. The
resulting solution was mixed with zinc nitrate that had been
dissolved in de-ionised water. To optimize the redox reac-
tions, the appropriate amount of the various fuels was added
into either of the nine solutions to achieve the stoichiometric
oxidizer-fuel ratio, then the pH adjusted to 7 using ammonia

Ammonia
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Heat to Calcineg}
combust] [ at600°
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solution. In order to maintain homogeneity at molecular
level, the mixtures were stirred continuously as they were
being heated until self-combustion. Each of the resulting
fluffy powders was crushed then calcined at 600 °C for two
hours in air.

A Phillips Bruker D8 X-ray diffractometer (XRD) with
CuK a radiation of 0.1506 nm at a scan speed of 0.012 per
min in steps of 0.01°, was used in the range between 10° and
70° for the structural analysis on the composite. The Jeol
JSM-7800F Field Emission scanning electron microscope
(FESEM) was used to determine of the morphological char-
acteristics. UV-vis reflectance and absorbance data were
obtained using a Lambda 950 PerkinElmer UV WinLab
Spectrophotometer at wavelengths between 300 and 600 nm.
A Hitachi Model F-7000 FL Spectrophotometer was used to
determine the photoluminescence (PL) characteristics of the
nano-powders. The Fourier transform infrared (FTIR) data
was collected using a Thermo Scientific Nicolet 6700 FT-IR
with NXR FT-Raman accessory system.

3 Results and discussion

The combustion rates of the reactions involving different
fuels were not the same. Among the fuels used, hydrazine
hydrate was most explosive with a tendency to disperse the
powder through propulsion, followed closely by glycine,
then citric acid, urea, and ammonium nitrate in that order.

3.1 Structural analysis on the composite from XRD

The XRD patterns obtained exhibited varying phases char-
acterized by different intensities, full width at half maxima
(FWHM) as well as shifted peak positions depending on
the fuel used in the synthesis. This in turn influenced the
physical, structural and optical properties of the crystallites
as observed in the differences within the phase composition,
crystal size, micro-strain, lattice parameters and dislocation
density of the samples.

The XRD data obtained from the annealed samples was
analyzed and the corresponding diffraction patterns refined
by Profex, a Rietveld refinement software, then compared
with the existing reference files to identify the composition
of the various powders. Figure 2 shows the original and
refined diffraction patterns of the samples prepared using
different fuels. It was revealed that the nanocomposites
consisted of zinc zirconate and zinc oxide nano-crystallites
as inferred from International Centre for Diffraction Data
(ICDD) reference cards 32-1482 and 75-1526, respec-
tively. The patterns further exhibited tetragonal (t-ZrO,)
and cubic zirconia (c-ZrO,) peaks of various intensities
that corresponded to ICDD cards 80-2155 and 81-1551,
respectively. The most prominent zinc oxide peaks were the

(101), (100) and (110) peaks observed at 36.5°, 32.0° and
56.8°, respectively. The t-ZrO, (101), (112) and (211) peaks
were observed at 30.4°, 50.4°, and 60.4° while the (111),
(220) and (311) c-ZrO, peaks were detected at 30.5°, 50.7°,
60.2°, respectively. The profiles showed the best zinc zirco-
nate (ZnZrO;) peak at 27.8° in the samples prepared using
hydrazine hydrate while minor peaks were seen at around
64°,24° and 41° (ICDD 32-1482 card not indexed), making
the composite of interest as a raw material in the perovskite
solar cell (PSC) industry. All the major peaks in the nano-
composite XRD profile were identified.

Table 1 shows the percentage yield of each of the phases
of the nanocomposites prepared using the various fuels. The
percentage yield of ZnO was about 10% when citric acid,
glycine and hydrazine hydrate were used as the synthesis
fuels but was suppressed when either urea or its blend with
ammonium nitrate was used.

Figures 2a, b show that when citric acid was used in the
synthesis, the sample produced the highest yield of cubic
zirconia, with the addition of ammonium nitrate to the fuel
causing a slight increase in the percentage yield of t-ZrO,
and the ZnO phases. When glycine was used as fuel, the
composite produced consisted mainly of c-ZrO, and some
t-ZrO, (whose yield improved when compared with the
use of citric acid) while its blend with ammonium nitrate
further reduced the yield of c-ZrO, but enhanced that of
t-ZrO,, as observed from Fig. 2c, d. Figure 2e, f show that
the use of hydrazine hydrate produced still a high percentage
of c-ZrO, as compared to the other phases and the highest
yield of ZnO among the fuels used in this study. The yield
of zinc zirconate was more enhanced in the blend hydra-
zine hydrate and ammonium nitrate. Figures 2g, h revealed
that the use of urea produced only tetragonal zirconia with
traces of ZnO and that the c-ZrO, phase was absent, while
in the blend of urea with ammonium nitrate represented by
2(h), the yield of the cubic zirconia was about twice that of
the tetragonal phase. The smoldering combustion involving
urea as the only fuel seemed to have promoted the growth of
the tetragonal phase, although the cubic phase stabilized at
higher temperatures that were influenced by the presence of
NH,NO; [18]. The use of ammonium nitrate as the only fuel
produced mostly c-ZrO,, a little of the t-ZrO, phase with
traces of ZnO. Further, the diminished ZnO peaks in some
cases may be an indication the possibility of the formation
of a ZnO-ZrO, solid solution [19].

For each phase, the first five major peaks were used to
investigate its crystallite features. The Scherrer equation,
bp = Di‘;e and Bragg’s equation, nA = 2dsinf were used to
determine the crystallite size, D and interplanar spacing, d,
respectively. For each sample, the crystallite characteristics
were calculated and tabulated in Table 2. The table further
shows the dislocation density, 6, alongside the calculated and
reference lattice parameters corresponding to the ICDD files
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Fig.2 The XRD patterns of the samples prepared using different fuels with the ZnO, ZrO, and ZnZrOj; planes referenced accordingly

Diffraction Angle

Table 1 Percentage yield of the composite phases synthesized using different fuels

Citric acid ~ Citric+ NH,;NO;  Glycine  Gly- Hydrazine Hydra- Urea  Urea+NH,NO; NH/NO;3
cine + NH,;NO, zine + NH,NO,
ZnO 9.73 12.29 12.3 13.42 13.55 15.31 3.34 1.97 3.1
c-Zr02 79 73 59.3 54.3 64.3 65.8 0 60.8 71.9
t-ZrO2 113 14.7 28.4 323 22.1 18.9 96.66 372 19
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Table 2 The average values of the crystallite size D, the lattice parameters and the dislocation density, § (in 10~ nm™2) of the composite phases

prepared using different fuels

ZnO

c-ZrO,

t-ZrO,

Lattice parameters

a(10'nm) ¢(10'nm) D (nm) &

a(10'nm) D (nm) &

a(10'nm) c¢(10'nm) D (mm) &

- 3.607 5.129 -

2285 19.1 3.586 5.190 4128 587
2282 19.2 3.593 5.203 59.03  2.87
2750  13.2 3.600 5.185 58.19 295
29.05 11.8 3.598 5.187 56.90 3.09
20.55  23.7 3.595 5.202 32.65 9.38
21.82  21.0 3.591 5.216 2998 11.1
- - 3.594 5.161 2729 134
2285 19.1 3.580 5.132 2945 115
2234 20.0 3.581 5.211 3485 8.24

Reference files 3.243 5.195 - 5.159
Citric acid 3.253 5.223 80.05 1.56 5.120
Citric+NH,NO, 3.254 5.215 78.58 1.62 5.115
Glycine 3.256 5.204 80.08 1.56 5.115
Glycine + NH,NO; 3.254 5.213 80.06 1.56 5.115
Hydrazine 3.260 5.212 42.61 551 5.115
Hydrazine+NH,NO; 3.259 5.210 41.11 592 5.115
Urea 3.282 5.212 1788 031 -

Urea+NH,NO; 3.257 5.221 1245 0.65 5.138
NH,NO; 3.263 5.205 74.88 1.78 5.115

The gaps in the entries are for the phases that were not detectable or missing altogether

for the hexagonal ZnO and the ZrO, phases. From the table,
it was observed that the lattice parameters of each sample
were slightly larger than those in the reference cards, prob-
ably because of the peak shifts arising from the presence of
the other phases in the composite.

Studies on the stoichiometric use of urea have shown
that synthesized particles are characterized by poor crys-
tallinity and low purity [20]. From Table 2, it is observed
that the use of urea as the only fuel produced the smallest
crystallites of the t-ZrO, phase. The high abundance of
the tetragonal phase (97%) in the composite (Tablel), may
explain the XRD peak broadening that was observed in the
profile presented in Fig. 2h compared with the rest of the
samples. On the contrary, some other studies have shown
that urea tends to promote the precipitation of metal cati-
ons inside the gel, leading to the nucleation of the particles
as well as extended agglomeration after combustion which
may explain the large ZnO crystallites. Compared to the
other fuels used in the synthesis, the explosive combustion
involving hydrazine hydrate produced smaller particles
than the rest probably because of the dispersion produced
by the generated gases [14].

The properties of a material can be greatly influenced
by the presence of dislocations in its structure. A disloca-
tion arises from irregularities within the crystal structure
that are formed through inhomogeneous nucleation, grain
boundary initiation or lattice interface with other defects
including dispersed phases. The dislocation density, 6
of a crystal is expressed as 6 = é, hence materials with
smaller crystallites are characterized by a larger disloca-
tion density [21, 22]. Studies have shown that the higher
the dislocation density, the harder the material and the
lower the strain in the material [22]. Such substances are

further characterised by high specific surface area and are
likely to have better adsorption properties. These dislo-
cations constitute of electron traps that may affect both
thermal and electrical properties like conductivity, energy
band gap as well as the photoactivity of the material [23].
It was observed that the samples prepared using hydrazine
hydrate had the highest dislocation density probably due to
the explosive nature of the combustion reaction involved.

3.2 Morphology studies

Figure 3 shows selected SEM images of the synthesized
nanocomposites. In Fig. 3a, the composite material that
was synthesized using citric acid seemed to crack expos-
ing regular polygonal aggregates as well as some highly
agglomerated regions. Figure 3b shows the formation of
closely packed large aggregates of various shapes that
were produced when urea was used as fuel. In the synthesis
involving hydrazine hydrate fuel, a high density of stand-
ing nanorods was observed in Fig. 3c. Figure 3d shows a
highly porous material exhibiting a spongy agglomerated
mesh of underlying crystals that was formed when glycine
was used in the synthesis as a fuel. Figure 3e shows that
the use of a blend of glycine and ammonium nitrate pro-
duced small polygonal particles that seemed to have been
dispersed from cracks within an underlying encapsulating
spongy sheet below the particles. The formation of the
aggregates concurs with reports that there is less agglom-
eration of particles when ammonium nitrate is blended
with any of the fuels [6]. The micrographs show a greater
dispersion and increased surface area of the particles when
glycine and hydrazine are involved due to the enhanced gas
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Fig.3 SEM morphology images of samples synthesized using a citric acid b urea ¢ hydrazine hydrate d glycine e blend of glycine and ammo-

nium nitrate fuels

evolution during their synthesis and, therefore, confirm the
influence of the type of fuel on the morphology of the par-
ticles formed. These highly porous nanocomposites may
be applied in photocatalysis and water treatment industry
because of their large surface area-volume ratio.

@ Springer

3.3 FTIR spectroscopy

The Fourier Transform Infrared (FTIR) spectroscopy test
was done to establish whether any undesired precursor,
remnant fuels or other compounds that arose from sample
preparation were still present in the material necessitating
any further heat treatment. Several studies have indicated
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Fig.4 The FTIR spectrum showing absorption peaks of the functional groups present in the samples prepared using a single fuels b ammonium

nitrate in addition to the fuel

that the IR spectrum range between 1300 and 4000 cm™! is

the most useful region for the identification of any functional
group of compounds within a given material [24, 25].

Based on ammonium nitrate as the reference, Fig. 4a
shows the FTIR spectra of the nanocomposites synthesized
by the various single fuels while Fig. 4b shows the spectra
when the fuels were blended with NH,NO;. From the spec-
tra, no major identifiable absorption peaks were observed
when the synthesis involved urea, ammonium nitrate or their
blend probably because of their low reducing valences and
the lack of any carbonaceous residue within the synthesized
materials [15].

The broad shallow IR absorption peaks seen around
3400 and 1517 cm™ were associated with the stretching and
bending vibrations due to hydroxyl bonds connected to the
Z** jons [19, 26-28]. There is a possibility, however, that
the ethanol used in sample preparation during the analysis
or absorbed moisture contributed to this peak. A narrow
band was observed at 2336 cm™' suggesting the presence
of carboxylic stretching frequencies while the band seen at
1380 cm™! was attributed to N-O bonds within the material
[20]. The absorbance at 3060 cm™' further confirms the pres-
ence of the OH™ bonds while the band at 1020 cm™' may be
due to the Zr-O stretching bond frequencies [26, 29]. The
peaks observed in these FTIR spectra were minor, indicating
that there were no major residues present in the samples and
hence no further heat treatment was deemed necessary [15].
In Fig. 4b, the use of NH,NO; was observed to produce a
decrease in the intensity of the transmittance from the nano-
composites. This was attributed to the coarse nature of the
powders as well as the larger crystallite sizes of the most

abundant c-ZrO, phase that caused less diffuse reflectance
from the crystals as compared to the other samples [30].

3.4 UV-vis spectroscopy

Figure 5 shows the UV-vis reflectance spectra based on
ammonium nitrate as a reference for the samples synthesized
using different fuels. The UV-vis reflectance curves show
variations in both the shape and position of the absorption
edges obtained from the samples combusted with different
fuels. At longer wavelengths, the samples synthesized using
citric acid and those involving glycine had a greater reflec-
tance while those based on urea had the least. When the
fuels were blended with ammonia nitrate, it was observed
in Fig. 5b that there was reduced reflectance compared with
the non-blended fuels in Sa.

According to Zhu et al. [31], major absorption edges can
be found by extrapolating the sharply dropping sections of
the absorption spectra to the x-axis. For these nanocompos-
ites, the edges spread between 396 and 440 nm depending on
the type of fuel used [26, 31]. There were minor absorption
peaks in some of the powders around 455 and 496 nm that
correlated to the peaks observed in PL spectroscopy.

Figure 6 shows graphs of the Kubelka—Munk function,
F(R), on which [F(R)hv]* was plotted against the photon
energy, hv. By the use of ammonium nitrate as a reference,
Fig. 6a shows the spectra from the samples prepared from
the single fuels while Fig. 6b represents those in which the
fuels were blended with ammonium nitrate. By extrapolat-
ing the linear sections to the x-axis, the figures were used to
determine the energy bandgap of the samples.
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Fig. 6 Plots of the Kubelka—Munk function that were used to obtain the energy bandgap of the samples for a single fuels b blended fuels

Table 3 Values of the energy bandgaps (eV) for the nanocomposites

synthesized using various fuels

Type of fuel NH,NO; Urea Citric Glycine Hydrazine
Without NH,NO; - 295 320 3.18 3.14
With NH,NO; 2.93 294 322 319 3.09

@ Springer

Table 3 shows that the calculated energy band gaps of the
samples were between 2.93 and 3.22 eV. These results show
that the bandgap is dependent on the type of fuel used in the
synthesis of that material. It was noticed the energy band
gap of the samples synthesized using urea and/or ammo-
nium nitrate were considerably lower than those of the rest
of the fuels.
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Fig.8 Deconvolution of the most intense a excitation b emission peaks involving citric acid blended with ammonium nitrate

3.5 Photoluminescence analysis

Figure 7 shows the excitation spectrum of the samples
prepared using different fuels when probed at 400 nm. In
Fig. 7a, the spectra from the samples that were synthe-
sized using either citric acid or glycine produced peaks of
the same form but different intensities, while those from
urea and hydrazine showed insignificant peaks (Fig. 7b).
The highest photoluminescent intensity was observed
in the sample prepared using a blend of citric acid and

ammonium nitrate followed by that which used glycine and
ammonium nitrate. These diverse intensities were attrib-
uted to the differences in crystal sizes as well as the varia-
tions in the morphology of the samples. Figure 8 shows the
deconvolution of the broad excitation and emission peaks.
In Fig. 8a, deconvoluted excitation peaks were observed
at about 239 nm and the most dominant one at around
270 nm with a minor one seen at 315 nm. These emissions
were attributed to the band to band transitions, defects
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Fig. 10 The energy transitions taking place within the nanocomposite
material

within ZrO, and ZnO lattices within the composite mate-
rial, respectively [17, 19].

Figure 9a shows the emission spectra of the samples syn-
thesized using citric acid and glycine. On deconvolution of
the spectra, the most intense peak at 400 nm in Fig. 8b was
attributed to transitions in the zinc oxide phase. The other
peaks observed at 348, 453 and 513 nm were associated with
emissions from the zinc zirconate phase [32], the ionized
zinc vacancies [33] and the defect levels within the ZnO
valence band [34], respectively. For the samples synthesized
using either urea or hydrazine hydrate (Fig. 9b) the peaks
were broader and of relatively lower intensity compared to
those prepared with other fuels. In these samples, the peaks
observed at 490 and 550 nm were attributed to the zirconia
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Fig. 11 CIE diagram showing the colors emitted by the composites
prepared using different fuels

and zinc zirconate phases, respectively. These latter peaks
confirm the absence or negligible presence of the zinc oxide
phase in the samples as observed in Fig. 2 and Table 1; fur-
ther collaborating the varied band gap seen in Fig. 6. When
the PL spectroscopy is used to calculate the band gap, a
value of 3.1 eV is obtained, which agrees quite well with
the UV spectroscopy.

It was observed from the spectroscopy graphs that the
synthesis involving NH,NO; produced lower intensities
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as compared to the rest. This was attributed to the reduced
agglomeration and hence more defined grain boundary
defects that act as traps within the structure, compounded by
the general increase in the crystal size of the more abundant
cubic zirconia. The energy diagram in Fig. 10 illustrates the
excitonic band—band and near band photoluminescent emis-
sions taking place within the composite material.

Figure 11 shows the CIE coordinate diagram of the com-
posite. The diagram represents the chromaticity coordinates
determined for the composite samples obtained using the
Commission International de I’Eclairage (CIE) Coordinate
Calculator software [35]. The coordinates of the samples
traverse the violet-blue color into the yellow-white region.
The spread of the emissions on the diverse colors was an
indication of the influence of the fuels on the luminescence
properties of the phosphor nanocomposites. As such the
phosphors can be used in light emitting diodes (LEDs), var-
ied color sensors and in efficient white-light applications.

4 Conclusion

Zinc zirconate nanocomposites were synthesized success-
fully using different fuels through the solution combus-
tion route. Depending on the fuel used in the synthesis, the
nanocomposites consisted of mixed phases of zinc zirco-
nate, zinc oxide, cubic and tetragonal zirconia. The zinc
zirconate peaks were better formed when hydrazine hydrate
and glycine were used as the synthesis fuels. The synthesis
involving urea or ammonium nitrate mainly produced the
tetragonal zirconia and a little zinc oxide. For the samples
synthesized with citric acid and glycine, the most prominent
emission peak was observed at 400 nm while for hydrazine
hydrate and urea it was at 490 nm. This investigation has
therefore shown that the structural and optical characteristics
of the synthesized zinc zirconate nanocomposites depend on
the type of fuel used. The nanocomposites may be applied
in many sectors such as water treatment, PSC industry, sen-
sors and LEDs.
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