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1- Introduction:

The Ni-NiO electrocatalysts are widely used for fuel
cells applications. The morphology, physical, and
electrochemical properties of the mentioned
electrocatalysts are highly influenced by the synthesis
method. Solution combustion synthesis (SCS)
technique is one of the specific synthesis methods in
which the occurrence of an exothermic and self-
propagating reaction during synthesis procedure
leading to the production of nanoscale powder(s). In
fact, this reaction happens between an oxidizer and a
fuel in a short period of time. In this work, the
synthesis of Ni and NiO via SCS was carried out with
two different fuels of glycine and urea, and the effect
of fuel to oxidizer (F/O) ratio on the properties of
synthesized powders was investigated. In addition, the
effect of adiabatic temperature on the particle size of
powders and composition of the final product was
assessed.

2- Experimental
To synthesize the Ni and NiO powders, the certain

amounts of Ni (NO3)..6H,0 and fuel (glycine and
urea) were dissolved in 5 mL distilled water and
stirred for 20 min. Afterwards, the solution was placed
on a hot plate to form a gel. After water was
evaporated completely, the combustion process was
ignited. When the combustion process was completed,
the final powder was rinsed with distilled water for
several times. Finally, the powder was dried at 60 °C
in the oven for 1 h.

3- Results and discussion

Fig. 1 shows the variation of adiabatic temperature
versus the F/O ratio for two different fuels of glycine
and urea. As it can be seen, the adiabatic formation
temperature of NiO is higher than Ni because of its
more negative enthalpy of formation. The maximum
adiabatic temperature is obtained at the F/O=1.11 and

F/O=1.667 for samples synthesized by glycine and
urea, respectively.

Figure. 2 shows the XRD patterns of the samples
synthesized by glycine in different F/O ratios. As
illustrated, the final product is Ni at F/O=1.11. The
reductive condition of synthesis by urea is less than
glycine resulting in the formation of NiO at F/0=2, 2.5
and 3. At F/O=3, Ni particles have formed. The
quantity of Ni increases by increasing F/O ratio.
Figure. 3 shows the particle size of samples
synthesized by glycine and urea at different F/O ratios.
As indicated, the minimum particle size has achieved
when the adiabatic temperature is increased. The
higher adiabatic temperature causes the higher rate of
combustion and thus the produced particles do not
expose to the enhanced temperatures for long time and
do not grow. Moreover, the rate of gas production
increases when the adiabatic temperature is high
enough. As a result, the particles are scattered and do
not agglomerate.

4-Conclusion

The powder mixture of Ni-NiO was produced by
solution combustion synthesis method using glycine
and urea as fuels. The composition and morphology of
the product was investigated. Calculation of the
adiabatic temperature and comparison of it with the
particle size results revealed that the particle size
decreases when the adiabatic temperature is increased.
Particle size of the samples synthesized by glycine
was measured to be less than the specimens
synthesized by urea, due to the relatively higher
adiabatic temperature. Increasing the fuel to oxidizer
ratio resulted in the formation of Ni particles due to
the more reductive condition.
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Figure. 2 XRD patterns for samples synthesized by (a)

glycine and (b) urea in various F/O ratios.
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