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Investigation of Fuel Type on
synthesis of ZnO nanostructure
by solution combustion method

Hadi Nasiri! Morteza Golmohammadi?
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1. Introduction

ZnO particles are one of the most widely used mineral
particles that have been considered by industries due
to their suitable physical and chemical properties.
Among the special properties of ZnO nanoparticles, It
can be mentioned that high chemical stability, low
dielectric constant, high catalytic and photocatalytic
activity, absorption of infrared and ultraviolet light
and, most importantly, antibacterial properties. In
recent years, zinc oxide has attracted much attention
mainly due to its unique optical, electronic and
piezoelectric properties, and also its potential
application in solar cells, blue light emitting diodes,
sensors and dimmers.

Zinc oxide is biocompatible, safe and can be easily
used in medicine. ZnO nanoparticles have special
applications in UV absorption applications, including
burn ointments and sunscreens. In medicine and
health, it is used in baby powder, skin ointments,
sunscreen and other items.

Due to the mentioned importance for zinc oxide in
nanoscale, researchers have produced this material
through various methods such as: hydrothermal,
microemulsion, sol-gel and milling. Although each of
these methods have their own unique advantages, they
all have weaknesses that may not be suitable for large-
scale use. The sol-gel method results in homogeneous
nanoscale particles, but the raw material in this
method is expensive and takes a long time to
complete. The hydrothermal method is one of the cost-
effective methods from bottom to top, which requires
equipment such as a thermal reactor. This method
needs precise conditions control.

Solution Combustion synthesis (SCS) is a
relatively new method that takes place in aqueous
medium. The raw materials are solved in a solution
resulting in forming a very homogeneous distribution
of the materials, which ensures the homogeneity of the
structures. Also, the distribution at the molecular scale
causes the starting temperature of the combustion

reaction, which is called the ignition temperature,
decreases sharply less than 350 °C.

2. Materials and Method.
In this research, zinc nitrate (Zn (NO3 ) , * 6H; O)
with 99% purity, made by Merck Company of
Germany as a precursor for the production of zinc
oxide and from two urea fuels (CH, N, O) prepared
by Panrak Company with a purity of over 98% and
glycine (C; Hs NO, ) prepared from Merck
Company with a purity of over 99% were used as fuel.
Double distillation water was used in all experiments.
The following two equations show the combustion
reaction in the presence of two fuels, urea (reaction 1)
and glycine (reaction 2). The fuel stoichiometric ratio
for the both reactions.

5(NH,)2CO + 3Zn(NO3); =10H,0 + 8N, + 5CO, +
3Zno 1)

10C,HsNO;, + 9Zn(NO3), = 25H,0 + 14N, + 20CO,
+9Zn0 @)

Urea and zinc nitrate were mixed after weighing
and then water was added to them. To completely
dissolve the material in water, the mixture was stirred
vigorously to obtain a perfect homogeneous solution.
The resulting solution was then poured into a 50 cc
container. A hotplate was used for initial heating.
Initially, the hotplate was set at initial temperature of
300 °C. After reaching the desired temperature, the
container was placed on hotplate. At this stage, the
synthesis of zinc oxide nanostructure was not
performed in the presence of urea fuel. In the next step,
the reaction solution was placed in a furnace at a
temperature of 500 °C.

3. Results and Discussion

First, considering that the method of solution
combustion synthesis is based on rapid heating of raw
materials to their ignition temperature, and after that,
the energy required to perform the reaction is supplied
by the redox reactions of raw materials. To investigate
the effect of heating rate on the zinc nitrate
decomposition temperature, the DSC-TGA test was
taken at three heating rates of 10, 20 and 30 °C per
minute. The results are shown in Fig. 1 (a-c).
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Figure. 1 Results of DSC-TGA analysis for zinc nitrate

in air atmosphere at heating rates: (a) 10, (b) 20 and (c)
30 degrees per minute.

For both synthesized samples, the synthesis product
was sent for XRD test. The results are shown in Fig. 2
(a) for urea and 2 (b) for glycine. In both synthesized
samples, the XRD test showed successful synthesis of
zinc oxide.
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Figure. 2 Zinc oxide synthesized in the air by two fuels:
(a) urea and (b) glycine.

As shown in Fig. 3, the synthesized sample has high
porosity, which is due to the release of a very large
volume of gases during the reaction.
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Figure. 3 SEM image and EDX analysis of

nanostructured zinc oxide synthesized
by glycine fuel.

4- Conclusion

1-

Due to the difference between decomposition
temperatures of urea and zinc nitrate, the
synthesis reaction was not performed at 300
°C. So, for this reaction system, the initial
temperature was increased to 400 °C.

The reaction system of zinc nitrate-glycine at
the initial temperature of 300 °C was able to
synthesize zinc oxide nanostructure.

The size of crystals synthesized by glycine
fuel according to Scherer equation was 20.2
nm.

The SEM image of the synthesized sample
with glycine showed very high porosity,
which can be attributed to the release of gases
during the reaction.
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