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Soft chemical synthesis of nanosized zinc aluminate spinel
from the thermolysis of different organic precursors
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A new method of preparation of nanocrystalline zinc aluminate (ZnAl2O4) powder is described in this paper. Different
organic acids are used as template material and nitric acid as an oxidant. Single phase ZnAl2O4 spinel can be formed at a
much lower temperature through this route which gives nanocrystalline powder with uniform particle size and morphology.
The powders are characterized by thermo gravimetric analysis (TGA), X-ray diffraction analysis (XRD), Fourier transform
infrared spectroscopy (FT-IR), BET surface area analysis and field emission scanning electron microscopy (FE-SEM). The
average crystallite size of the single phase material was of 20 to 30 nm and the surface area was found to be 21 to 27 m2g−1.
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1. Introduction
Zinc aluminate (ZnAl2O4) or gahnite, a natu-

rally occurring spinel material, is widely used as
ceramic, electronic and catalytic material [1]. As
zinc aluminate is transparent to light with wave-
lengths above 320 nm, it is suitable for UV op-
toelectronic applications and thermal barrier coat-
ing for space craft [2–4]. Zinc aluminate is used as
catalyst for dehydration of alcohols to olefins [5],
synthesis of methanol and higher alcohols [6, 7],
preparation of poly methyl benzene [8], synthesis
of styrene from acetophenone [9], and double bond
isomerization of alkenes [10]. It can also be used
in ceramic tiles to improve wear resistance and me-
chanical properties [11].

Zinc aluminate powder has been prepared by
many techniques such as solid-state [12], sol-gel
[13], hydrothermal [14], micro emulsion [15], va-
cuum evaporation [16] and co-precipitation [17]
methods. However, some of these processes are
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either complex or expensive which limits their
large scale production. Disadvantages of these
methods are also the requirement of high tempera-
ture, inhomogeneity, lack of stoichiometry and low
surface area. In general, high surface area is asso-
ciated with smaller particle sizes for different cat-
alytic and non catalytic applications. Hence, low
temperature soft chemical synthesis of nanosized
zinc aluminate particles has ample scope for appli-
cation in different fields.

In this study we report on a new method of
synthesis for ZnAl2O4 nanoparticles by an organic
acid template route. Tartaric, oxalic and malic acids
are used here as complexing agents and HNO3 as
an oxidising agent. The materials were character-
ized by TGA, FTIR, XRD, FESEM and BET sur-
face area analysis.

2. Experimental procedures
All the chemicals used for the synthesis of

ZnAl2O4 were of analytical grade (E. Merck).
Deionized water was used for the preparation of all
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solutions. ZnAl2O4 was synthesized by the follow-
ing method:

2.975 g of (0.01 mole) zinc nitrate hexahy-
drate [Zn(NO3)2·6H2O] and 7.52 g (0.02 mole)
aluminium nitrate nonahydrate [Al(NO3)3·9H2O]
were dissolved in 2N nitric acid separately and then
mixed together. 9 g (0.06 mole) tartaric acid dis-
solved in 50 ml of deionised water was added to it
and the mixture was stirred continuously on a hot
plate at its boiling temperature until all the liquid
evaporated out of the solution. There was an evo-
lution of brown fumes towards the end of the reac-
tion leaving a fluffy grey mass. The green samples
prepared were calcined at different temperatures to
get single phase ZnAl2O4 spinel material. The syn-
thesis was repeated with oxalic acid dihydrate and
malic acid in place of tartaric acid, and the resultant
powders were analyzed by different methods.

The samples were characterized using X-ray
diffraction (Phillips PW 1710) using CuKα radi-
ation, the powder morphology was studied using
FESEM (supra 45 vp), thermal studies (TGA) were
carried out using NETZSCH 409C analyzer, FTIR
spectra studies were made with Nicolet Model 5PC
FTIR. BET surface area analysis was carried out
with Quantachrome instruments NOVA4000e.

3. Results

3.1. Tartarate Precursor Method

The XRD patterns of green and calcined (at dif-
ferent temperatures) powder synthesized via tar-
taric acid route are shown in Fig. 1 The XRD
diffraction pattern of the synthesized green powder
reveals that it is amorphous in nature. As the cal-
cination temperature increases, the peaks become
sharper, and the crystalline phase formation is com-
pleted at 600 °C. The XRD patterns are in excel-
lent accordance with the powder data of JCPDS 05-
0669 of zinc aluminate spinel. Characteristic high
intensity peaks are observed at 36.906° due to the
(3 1 1) plane (d-spacing 2.4436 Å), the next high
peak at 31.321° is from the (2 2 0) plane (d spacing
2.8670 Å), other planes corresponding to peaks are
denoted in the figure of calcined compounds. The
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Fig. 1. XRD of the zinc aluminate powder (tartarate
route) a) uncalcinated, b) calcined at 600 °C and
c) 700 °C.

average crystallite size (∼30 nm) of the powders
was calculated using Scherrer’s equation (Eq. 1.).

D = 0.9λ/β cosθ , (1)

where D is the average grain size in nanometer, λ =
X-ray wavelength (1.5406 Å) and β is the width
of the diffraction peak at half maximum for the
diffraction angle 2θ . Fig. 2 shows the FESEM mi-
crographs of powder calcined at 700 °C (Tartarate
route). Loosely aggregated extremely fine particles
are observed. The crystallite size is in accordance
with that obtained from XRD studies (30 nm). Sur-
face area studies were carried out on a single phase
material calcined at 700 °C. A high surface area
of 21.07 m2/g was observed which indicates the
formation of well crystallized nanosized material.
Fig. 3 shows a TGA curve of the green synthe-
sized powder up to 800 °C at a heating rate of
10 °C/min. The TGA graph shows a steady loss in
weight up to 600 °C (about 10 %) which is due
to the presence of trapped nitrates, residual car-
boxylate, unburned carbon and entrapped water. A
slight loss in weight is observed from 600 °C to
800 °C (< 1%). The FTIR spectra recorded (400–
4000 cm� 1) for green and calcined powders (at
different temperatures) are shown in Fig. 4. The
IR spectra of the green synthesized powder show
a broad band around 3427 cm� 1 due to O� H of
the co-ordinated water molecules [18]. The band at
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Fig. 2. FESEM micrographs of zinc aluminate powder
(tartarate route) calcined at 700 °C.

1635 cm� 1 is due to the bending mode of H� O� H
vibration [19]. The band in the zone between 1320–
1400 cm� 1 is attributed to C=O of coordinated
� COOH which is overlapped with an intense ni-
trate peak at 1376 cm� 1 [20]. The broad peaks at
1096 cm� 1 may correspond to the O� C stretching
for carboxylic acid. The peaks in the range of 400–
700 cm � 1 are difficult to interpret. Broad bands
around 660 and 550 cm� 1 become stronger with an
increase in calcination temperature and correspond
to the AlO6 groups which build up ZnAl2O4 spinel
and correspond to the formation of ZnAl2O4 spinel
[21]. As the calcination temperature increases, the
peaks due to O� H and C� O gradually disappear
indicating the removal of impurities and formation
of a single phase ZnAl2O4 spinel. Although XRD
shows complete phase formation at 600 °C, FTIR
studies indicate the presence of slight impurities
due to the presence of occluded water and carbona-
ceous material. Hence, the powders were calcined
up to 700 °C for subsequent studies.

3.2. Oxalate precursor method

The phase formation investigations using XRD
(Fig. 5) were also carried out on uncalcined and
calcined powders synthesized via oxalate route. As
evidenced from the XRD, the green powder synthe-
sized was amorphous in nature while after calcina-
tion at 600 °C single phase zinc aluminate spinel
was formed. As described earlier the powder data
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Fig. 3. TGA curve of the zinc aluminate precursor (tar-
tarate route).

500 1000 1500 2000 2500 3000 3500 4000

60

80

100

120

140

160 (c)

(b)

(a)

700
0
C

600
0
C

Green

Wavenumber (Cm
-1
)

%
T

ra
n

s
m

it
ta

n
c
e

(A
rb

.u
n
it
)

Fig. 4. FTIR spectra of zinc aluminate (tartarate route)
a) uncalcined, b) calcined at 600 °C and
c) 700 °C.

are in agreement with JCPDS 05-0669. The aver-
age crystallite size was calculated as 25 nm.

The FESEM micrograph of calcined powder (at
600 °C) is shown in Fig. 6. It shows agglomerated
morphologies with average particle size of 30 nm.
The BET surface area of the calcined powder was
assessed as 25.37 m2/g.

The TGA curve of the green synthesized pow-
der (oxalate route) up to 800 °C at a heating rate
of 10 °C/min is shown in Fig. 7. A weight loss of
about 5 % is observed up to 630 °C followed by a
sharp 6 % weight loss from 630 °C to 700 °C.

FTIR spectra of synthesized green and calcined
powders (Fig. 8) show major peaks of organic rem-
nants. The peak of AlO6 at 660 and 550 cm� 1

is not seen in the spectra of green powder. As
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Fig. 5. XRD of the zinc aluminate powder (oxalate
route) a) unclcined, b) calcined at 600 °C and
c) 700 °C.

Fig. 6. FESEM micrographs of zinc aluminate powder
(oxalate route) calcined at 700 °C.

the calcination temperature increases, the peaks
due to water molecules and carbonaceous matters
gradually disappear while the peak of AlO6 ap-
pears and becomes stronger and sharper [21]. The
peaks at 3431 cm� 1, 1629 cm� 1, 1376 cm� 1 and
1096 cm� 1 originate from hydroxyl group of lattice
water molecule, bending mode of H� O� H vibra-
tion, nitrate vibration, and O� C of coordinated car-
boxylate respectively [18–20]. Similar to the tar-
tarate method the XRD shows that the phase forma-
tion is completed at 600 °C, whereas the TGA and
IR studies reveal that the impurities are eliminated
completely at higher temperature, i.e. at 700 °C.
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Fig. 7. TGA curve of the zinc aluminate (oxalate route)
precursor.
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Fig. 8. FTIR spectra of zinc aluminate (oxalate route)
a) uncalcined, b) calcined at 600 °C and
c) 700 °C.

3.3. Malate Precursor Method

The XRD patterns of green and calcined pow-
ders synthesized via malate routes are shown in
Fig. 9. The XRD pattern reveals that the green pow-
der synthesized was amorphous in nature while af-
ter calcination at 600 °C single phase zinc alumi-
nate was formed. The powder data are in agree-
ment with JCPDS 05-0669. The average crystallite
size was calculated as 22 nm. The FESEM picture
shows the same type of morphology as for the tar-
tarate and oxalate systems.

Fig. 10 shows the TGA curve of the green syn-
thesized powder up to 1000 °C at a heating rate
of 10 °C/min. TGA of the green powder shows a
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Fig. 9. XRD of the zinc aluminate powder (malate
route) a) unclcined, b) calcined at 600 °C and
c) 700 °C.

Fig. 10. TGA curve of the zinc aluminate precursor
(malate route).

steady loss in weight up to 370 °C ( 25 %) which
may be due to the presence of trapped nitrates,
moisture and entrapped water. A sharp weight loss
is observed from 370 °C to 500 °C ( 28 %) which
may be due to the residual carboxylate and un-
burned carbon. No weight loss was observed above
600 °C indicating the formation of phase pure
powder.

FTIR absorption spectra of green and cal-
cined powder are shown in Fig. 11. Very small
amount of impurities are found in green states
which, as started earlier, is due to the absorp-
tion of O� H [3438 cm � 1] stretching vibration
of the lattice water molecule, bending mode of
H� O� H [1629 cm � 1] vibration, C=O [1320–
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Fig. 11. FTIR spectrum of zinc aluminate (malate
route) a) uncalcined, b) calcined at 600 °C and
c) 700 °C.

1400 cm � 1] and O� C [1085 cm� 1] of coordinated
� COOH [18–20]. The sharp peaks of AlO6 [660
and 550 cm � 1] are also observed when the pow-
ders are calcined at higher temperature. BET sur-
face area of the synthesized powder was observed
as 27.07 m2/g.

4. Discussion
The mechanism of formation of zincalumi-

nate by tartarate route may be similar to that of
zinc-iron-citrate and zinc-iron-tartarate precursor
route [22–24]. However in our case, instead of gel
formation followed by calcinations/autoignition,
partial oxidation of the complexes occurred dur-
ing the evaporation process in presence of nitric
acid. Since tartaric acid is also ∝-hydroxy acid,
metal complexes are formed here as in Pechini’s
method [23]. The partial oxidation during evapora-
tion generates hydroxo, hydroxo-carbonate phases
as shown in our earlier work [24]. The presence of
such phases is also supported by IR spectra. The
TGA and IR studies shows the removal of extra
absorbed water, hydroxo species and complete de-
composition of organics up to 700 °C leading to the
formation of single phase zinc aluminate.

In the case of oxalic acid and malic acid,
the mechanism is a little bit different. Here the
Zn3[Al(ox)3]2/ Zn3[Al(Mal)3]2 precursor formed
by chelation decomposes in the presence of HNO3
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which on calcination gives rise to the product [25].
As oxalic acid and tartaric acid, are stronger lig-
ands than malic acid, zinc tartarate, aluminium tar-
tarate and zinc aluminoxalate complexes decom-
pose at higher temperature in comparison to zinc-
aluminomalate complex. This may be the reason of
formation of zinc aluminate at lower temperature
compared to other organic acids. The methods de-
scribed above make it possible to obtain the nano-
sized zinc aluminate at much lower temperature
and shorter time than by the conventional ceramic
methods.

5. Conclusion
This study describes a simple low tempera-

ture synthesis route for synthesizing ZnAl2O4
nanopowders using a solution evaporation method.
Compared to the conventional solid-state reaction
process and co-precipitation method, phase pure
nanosized ZnAl2O4 can be formed at a much
lower temperature through the tartarate, oxalate
and malate precursor route. Furthermore the oxi-
dation of zinc aluminate precursor by HNO3 was
accompanied by the evolution of CO2, NO2 and
water vapour which resulted in uniform size and
morphology of the particle. Malic acid being the
weakest ligand produces zinc aluminate at the low-
est temperature compared to other acids. Organic
acid and nitric acid present in the solution play a
key role in the synthesis of ZnAl2O4 at a low tem-
perature.
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