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ABSTRACT

This paper investigates the application of a mixture of three types of fuels, namely urea, glycine and hydrazine, for
the synthesis of Ni-10 wt. % ALO, nanocomposite using the solution combustion method. Nickel and aluminum
nitrates are used as an oxidizer. The fuels are used at two different fuel to oxidizer ratios. DSC-TGA diagrams prove
hydrazine-nitrate reaction system can ignite before nitrate decomposition in contrary to urea-nitrate and glycine-
nitrate systems. The results showed synthesized alumina at combustion temperatures less than 500 2C is amorphous
and the combustion temperatures more than 600 2C made alumina crystalline. The measured surface area for the
synthesized nanocomposite in air and less than 10 min was 207 m? g*. SEM and FESEM images prove the presence of
small porosities in the synthesized nanocomposites. TEM image shows synthesized alumina in the nanocomposite has

a mean particle size of less than 25 nm.

Keywords: Nickel, Alumina, Combustion, Nanocomposite, Urea, Hydrazine.

1. Introduction

Nowadays, materials with ultra-fine grain size
and high specific surface area have found a special
place in academia as well as industry. Compared
to other novel methods of fabricating high surface
materials and composites, solution combustion
synthesis (SCS) has interesting features [1,2].
As a type of self-propagation high-temperature
synthesis (SHS) process, SCS is more attractive
than SHS for the same synthesis products produced
by two methods. This is because, compared to
the SHS, the SCS requires lower initial thermal
energy and it can produce higher quality powders.
Other attractive characteristics of the SCS method
pertain to its fast and simple process and its ability
to synthesize versatile material with acceptable

levels of homogeneity [3, 4]. Also, the high
volume of gases generated during the combustion
significantly prevents the sintering of the particles
to each other [5, 6].

In-situ oxidation-reduction reactions of metal
salts and fuels in SCS can produce a crystalline
structure as the final product without requiring an
external heat source in short times [7,8]. Thus, there
is no need for the subsequent high temperature
processing of the products. This prevents unwanted
grain growth [9]. Some of the main factors affecting
the synthesized products are: fuel type, fuel to
oxidizer ratio (F/O), a mixture of fuels, heating
rate, and atmosphere of the combustion reaction
[2, 10]. By controlling the exothermicity and
intensity of the reaction, fuel can play an important
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role in the synthesis mode of the reaction [11]. It
can determine whether the reaction takes place in
spontaneous flaming or smoldering modes. Such
different modes can result in the production of
different types of powder even with the same initial
raw materials [12]. The mixture of fuels effects
on synthesis conditions was studied by different
research groups. Investigations revealed using two
or three fuels simultaneously can cause special
conditions and properties. In some reactions one
fuel is not able to prepare a suitable synthesis
as required. The drawbacks can be amorphous
synthesized materials, low surface area and even
synthesis cannot occur, but a mixture of fuels can
cover disadvantages of each fuel than when uses
individually [13-16].

Ni-Al,O, nanocomposite has many applications
as catalytic and solar cell materials [17, 18]. The
catalytic aspect of this nanocomposite is highly
regarded. The researchers try to increases the
catalytic potential of nickel and its oxides by
different methods such as: increasing surface area
or using different support materials [19, 20]. One
of the most favorable catalyst support materials is
alumina because of its high surface area. Among
all transition alumina structures y-ALO, is more
favorable [21, 22].

As mentioned, in order to increase the efficiency
and improve the properties of this nanocomposite,
itis essential to achieve powders with a high specific
surface area. Although it is possible to synthesize
materials through SCS just with one type of fuel,
a mixture of several types of fuels with different
exothermicity can help achieve a higher specific
surface area [23].

In order to synthesize Ni-Al O, nanocomposite
with a high specific surface area, this research is
devoted to investigating the effect of a mixture of
three types of fuels with different reaction behaviors.
It helps have advantages of all fuels simultaneously.
Another objective pursued in this research is to
achieve the maximum possible surface area by
eliminating the reduction step and only using the
combustion step to synthesis the nanocomposite.
As a result, the final nanocomposite can be
synthesized with a high surface area (207 m?g’) in
the air in less than ten minutes.

2. Experimental
2.1. Materials and methods

In this study, the following reactant materials
are used as the oxidizer in the solution: (1) nickel
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nitrate, Ni(NO,),.6H,O (=99% - Merck), and (2)
aluminum nitrate, AI(NO,),.9H 0 (=99%- JHD).
The three types of fuels used in the SCS method
include Urea (298.5%- Panreac), hydrazine hydrate
(80%- Scharlau) and glycine (299%). Also, graphite
is used as an auxiliary material. Equations 1 to 3 are
set to have Ni-10wt. %Al O, for urea, glycine and
hydrazine reaction systems, respectively. According
to the equations below, the exact amount of
alumina is 10 wt. % in urea and hydrazine systems
and 9.9wt. % in the glycine system.

125Ni(NO,)), + L6AINO,), +
125Ni + 0.8ALO, + 29C0, + 58H,0 + 43.9N,

29CO(NH,), -
(1)

12.66Ni(NO,), + L16AI(NO,), + 19.55C,HNO, >
12.66Ni + 0.8AL0, + 39.1CO, + 48.86H,0 + 24.8N, (2)

1245Ni(NO,), + L6AI(NO,), +
1245Ni + 0.8ALO, + 867H,0 + 582 N,

4335NH, >
(3)

The amount of graphite used is calculated to
prevent the oxidation of nickel. If the initial amount
of nickel nitrate is 3 g, the final metallic nickel, i.e.,
after synthesis and complete reduction, amounts
to 0.6 g. According to Equation 4, this amount
of nickel can be oxidized to NiO by 0.005 mol of
oxygen. In turn, the amount of graphite, which
is determined based on the amount of oxygen, is
calculated to be about 0.12g (Equation 5).

Ni + 1/20,= NiO
C+1/20,=CO

(4)
(5)

In order to manage the scope of the experiments,
the fuel to oxidizer (F/O) (weight ratio) is fixed and
limited to two levels, i.e., 1 and 1.5, for all fuels. The
solution includes the mixture of all three types of
fuels associated with nickel and aluminum nitrates.

An alumina cap is used as a container. A hot
plate, preheated to 330 °C, is used as a means to
heat the reactants to their respective ignition
temperatures. All synthesis reactions are carried
out in the air.

2.2. Materials Characterization

A Philips X’pert diffractometer is used with
Cu K radiation of 0.15406 nm in the range of 20
= 4-80° by the step of 0.02° for X-ray diffraction
(XRD) analysis. Microscopic evaluations are
carried out using an LEO VP 1450 scanning
electron microscope (SEM), a Mira 3-XMU
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field emission SEM (FESEM) and a Philips
Tecnai F20 FEG-STEM transmission electron
microscopy (TEM). The specific surface area is
measured by a BET (Brunauer-Emmett-Teller)
Sorptometer-210-A (N, adsorption at -195°C).
Before BET measurements, all samples are kept at
100°C for 3h to remove moisture on the surface
of the samples. A SETARAM instrument (SETYS
Evolution-1750) differential scanning calorimetry
(DSC) is used for calorimetric analyses. The ignition
and combustion temperatures are measured by
an Advantech USB4718 data acquisition unit and
K type thermocouple. This device is capable of
transferring temperature data from the reaction
environment to the computer at a frequency of
10 hertz. The mean accuracy of measurements is
about +3°C and +20°C for ignition and combustion
temperatures, respectively.

3. Results and discussion
In the first place, the thermal decomposition
behavior of the raw materials is studied. DSC-

TGA diagrams of nickel and aluminum nitrates are
shown in Fig 1a and 1b.

It can be seen the first endothermic peaks for
nickel nitrate (71°C) and aluminum nitrate (108°C)
belong to the melting points of nitrates, because
the TGA diagram did not show weight decrease.
The endothermic decomposition peaks for nickel
nitrate were recorded at 149°C, 175°C, 202°C and
322°C, respectively. Aluminum nitrate revealed
only one endothermic decomposition peak close to
150 °C. Fig 2a to 2c show the DSC-TGA diagrams
for urea, glycine, and hydrazine, respectively.

Fig 2a shows the first endothermic peak
(131°C) for urea belongs to the urea melting
point. The decomposition of urea starts at 220°C
and for glycine and hydrazine (Fig 2b and 2c¢) the
endothermic peaks started at 250°C and 105°C,
respectively. Also, in order to further shed light
on this matter, the reactions of each fuel type with
nickel and aluminum nitrates were studied and
the results are presented in Table 1. The time of
reaction is the time spends between the ignition
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Fig. 1- DSC-TGA diagrams for a: Ni(NO,),.6H,0 and b: AI(NO,),.9H,0 in air, heating rate 10 °C min™.
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Table 1- Data for each fuel type when individually reacting with nitrates

fuel F/O Ignition temperature (°C)  combustion temperature (°C) time of reaction (s)
urea 1 314 429 39
glycine 1 270 574 1.7
hydrazine 1 110 246 0.4
urea 1.5 288 730 3.1
glycine 1.5 286 443 10.8
hydrazine 1.5 114 665 29
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Fig. 2- DSC-TGA diagrams for a: urea, b: glycine and c: hydrazine in air, heating rate 10 °C min™.

and combustion temperatures.

In Table 1 the ignition temperatures are 110°C
and 114°C for hydrazine at F/O ratios 1 and 1.5,
respectively. According to Fig 1, those ignition
temperatures are below the nitrates decomposition
temperatures. The ignition temperatures of the
nitrate-hydrazine system are in accordance with
the hydrazine boiling temperature (Fig 2c). It shows
when uses hydrazine as fuel, combustion synthesis
can occur even before nitrates decomposition. It is
because, after boiling the temperature of hydrazine,
produced gases prefer to react with the oxygen of
the air [24]. So, a higher amount of hydrazine in the
reaction can increase the combustion temperature.
Such behavior can be seen in Table 1.

125

In Table 1 the ignition temperatures for urea
at F/O ratios 1 and 1.5 are 314°C and 288°C, and
for glycine are 270°C and 286°C, respectively. By
comparison with decomposition temperatures of
nitrates in Fig 1, it can be seen the combustion
synthesis for urea and glycine can occur when
nitrates and fuels decompose. In other words, the
source of energy for carrying out the combustion
synthesis is oxidation-reduction reactions that
occur between decomposed nitrates and fuels (urea
and glycine). As a result, the maximum temperature
for nitrate-urea and nitrate-glycine systems should
be at F/O=1[24, 25]. So, the additional amounts
of these fuels (greater than stoichiometric ratio)
can decrease the combustion temperature that
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called diluent role, because decomposition of urea
and glycine is endothermic and takes the heat of
combustion synthesis.

The mentioned behavior can be seen for glycine.
In Table 1 the combustion temperature decreased
by 131°C when the F/O ratio increased. The
decrease of combustion temperature can make
synthesis unstable, as shown in Fig 3.

It can be seen in Fig 3, the transition from the
ignition to combustion temperatures occurred
very rapidly for urea and hydrazine. Nevertheless,
glycine did not show a stable reaction and the time
of reaction, was too long, i.e., 10.8 s. The mentioned
time was calculated from ignition temperature to
combustion temperature, and not for all range of
the peak.

In the Table 1, urea showed an increase in its
combustion temperature when the corresponding
F/O ratio increased. The increase in the combustion
temperature which occurs when the amount of
urea is increased can be attributed to the fact that
the decomposition of urea starts at a temperature
much less than nitrate-urea system ignition
temperature. Such difference can lead to the waste
of urea before the combustion reaction, which in
turn translates into a lowered amount of available
urea at the reaction time. In other words, although
the theoretical amount of urea, which is required
for the combustion to occur with a maximum
temperature, is at F/O=1, the necessary amount in
the practical experiment is greater than F/O=1.

To support this argument, the combustion
temperatures for different F/O ratios of 1, 1.1, 1.2,
1.3, 1.4 and 1.5 for urea and hydrazine are plotted
in Fig 4.

According to Fig 4, the combustion temperature
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Fig. 3- Time-Temperature diagrams for different fuel reaction
systems with F/0=1.5.

for urea first increases, from F/O of 1 to 1.3, and
then decreases, for F/O of 1.4 and 1.5. This means
that in the experiment conditions, F/O about 1.3
acts similar to the theoretical stoichiometric ratio,
ie, F/O=1. After F/O=1.3 any excessive urea
can act as a diluent and decrease the combustion
temperature as expected. According to Fig 2a and
Table 1, the differences between the beginning
decomposition temperature of urea (220°C) and
ignition temperatures are about 68°C and 94°C
for F/O ratios 1 and 1.5, respectively. Also, TGA
of urea shows such difference can waste about
30wt. % of urea before reaction. As a result, first,
urea should compensate its weight loss that occurs
before reaction then more amounts of urea act as a
diluent and decrease the combustion temperature.

For glycine, the differences between
decomposition temperature and the ignition
temperatures according to Fig 2b and Table 1 are
about 22°C and 36°C, and such differences can
cause the decrease of glycine about 4wt. % before
combustion reaction. In Fig 4 the combustion
temperature for hydrazine constantly rises with the
increase in F/O as expected.

The details of experiments in the presence of
three fuels are summarized in Table 2. As shown in
this Table, all eight sample groups have a mixture
of three fuels, but with different ratios. The two-
factorial statistical method is used to determine the
optimum number and order of mixtures needed for
the experiment [26].

Table 2 suggests a wide range of combustion
temperatures from 470°C to 739°C, such difference
can be referred to both content of fuels and F/O
ratios in each mixture. The lowest combustion
temperature belongs to synthesis 1 that the content
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Fig. 4- Combustion temperatures for urea and hydrazine with
F/Oratios of 1, 1.1, 1.2, 1.3, 1.4, and 1.5.
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Table 2- Three-fuel mixture at two levels of F/O

synthesis fuel to oxidizer fuel to oxidizer fuel to oxidizer combustion
number ratio for urea ratio for glycine ratio for hydrazine temperature (°C)
1 1 1 470
2 1.5 1 1 671
3 1 1.5 1 584
4 1.5 1.5 1 623
5 1 1 1.5 638
6 1.5 1 1.5 739
7 1 1.5 1.5 726
8 1.5 1.5 1.5 664
1
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Fig. 5- XRD patterns for residual of synthesized nanocomposite

(number 1) after solving in nitric acid, a: without calcination, b:

after calcination at 9002C for 1 h.

of fuels and F/O ratios are the lowest. The highest
temperatures are for numbers 6 and 7, respectively.
It is because hydrazine is at its high level and one
of urea or glycine is at a low level. As mentioned
above, contrary to urea and glycine, higher content
ofhydrazine increases the combustion temperature.
It can be seen in synthesis 8 when all fuels are at F/
0O=1.5 the combustion temperature was decreased
because of the diluent role of additional urea and
glycine.

One of the main reasons for choosing SCS is to
fabricate both nickel and alumina as crystalline.
Alumina must reach temperatures greater than
500-600 °C to avoid amorphous synthesis. So, the
synthesized nanocomposite for synthesis number
1 was solved in nitric acid (5 M) and the residual
was sent for XRD analysis. The result of XRD is
presented in Fig 5.

As it can be seen in Fig 5a, the residual shows
an amorphous phase. So, the residual was calcined
at 900 °C for 1h. The XRD analysis was carried out
again and the result illustrates in Fig 5b. It revealed
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Fig. 6- The XRD results for six synthesized powders presented
in Table 2.

the amorphous material was alumina. As a result,
between mixtures presented in Table 2, only those
with a combustion temperature greater than 600 °C
were analyzed with XRD, i.e., mixtures 2, 4, 5, 6, 7,
and 8. The results of the XRD analysis are shown
in Fig 6.

Fig 6 shows that even though the mixtures
of three types of fuels were used, none of the six
mixtures studied were able to synthesize the Ni-
AlLO, nanocomposite as a final product. In all
XRD patterns, a combination of Ni and NiO was
observed.

Two methods can be applied to eliminate the
nickel oxide phase. The first method is to use a
reduction atmosphere (like H.,) after the synthesis
step. In addition to being time-consuming, using a
reductive atmosphere can result in the reduction of
the specific surface area because of unwanted grain
growth or sintering [27].

The second method is to prevent nickel
oxidation in the air after synthesis. As a result, to
prevent the metallic nickel oxidation was inhibited
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by using an auxiliary material, namely graphite. At
temperatures greater than 435°C, graphite is more
prone to oxidation than metallic nickel [28]. Also,
the rate of graphite oxidation increases at higher
temperatures.

According to Fig 7, the oxidation of graphite
in the air starts at temperatures above 600°C and
the rate of oxidation increases at temperatures
above 650°C. Considering this fact and based on
the combustion temperatures from Table 2, only
four mixtures, ie., mixtures 2, 6, 7 and 8, with
maximum temperatures greater than 650°C were
chosen to react in the presence of graphite. Not
to mention, all conditions for syntheses 2.6.7 and
8 such as, the amount of raw materials, preparing
conditions, hot plate temperature, etc. were the
same in the presence and absence of graphite.

Considering the oxidation temperature of
graphite and ignition temperatures of syntheses
reveal that this material plays no role in the synthesis
reaction, because the combustion reactions initiate
at temperatures much lower than the oxidation
temperature of graphite. As a result, the only role
taken by graphite in the experiments was to prevent
nickel oxidation at high temperatures.

Fig 8 illustrates the XRD patterns for the four
selected groups, i.e., those that reacted in the
presence of graphite. In all the XRD patterns, nickel
in metallic form is recognized as the final synthesis
product. Therefore, the additional reduction step
is no longer necessary. Synthesis, being the only
production step, can keep the specific surface area
at the highest possible level. This is because the

P
' EXO /,/ \

T T
800 1000

Temperature (°C )
Fig. 7- DSC diagram for graphite oxidation in air.
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entire synthesis process from the very beginning,
i.e., putting the solution on the hot plate, to the
end, i.e., reaching the low temperatures after the
synthesis, takes less than 10 minutes.

According to Figs 6 and 8, no evidence of alumina
peaks can be detected for the samples where the
percentage of alumina and Ni are 10 wt.% and 90
wt.%, respectively. This is attributed to the fact
that the high intensity of Ni peaks in the patterns
renders alumina peaks unrecognizable. Alumina
is synthesized as y-ALO, up to 750°C, which has
wide and low-intensity peaks while it is crystalline
[29]. In contrary with a-ALO,, y-AL O, is hard to
detect in XRD pattern especially in the presence
of metallic elements, not only when its content is
10wt.%, but also till 25wt.% [30,31]. To prove the
presence of alumina, the nanocomposite powder
(synthesis number 2) was solved in nitric acid (5
M) for 50 h. The solution was kept at 60°C for 2
h while stirring at 160 rpm and for 48 h at room
temperature without stirring. The final solution
was sent for inductively coupled plasma optical
emission spectrometer (ICP-OES) analysis. The
results suggested that nickel has a density of 89.6%,
which is acceptable considering the nanocomposite
stoichiometric (90 wt. % Ni - 10 wt.% AL O,) and
different sources of error. In other words, the
percentage of alumina is 10 wt. % as expected. Also,
Fig 9 and 10 show the XRD pattern and the TEM
image taken from agglomerated white alumina
powder after solving the nanocomposite in the
nitric acid and drying in an oven at 150 °C for 1h.
The TEM image shows alumina particles have a

Ni
N
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i
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Fig. 8- The XRD results for synthesis in the presence of graphite
in the reaction solution.
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Fig. 9- XRD pattern of alumina after solving metallic nickel in Fig. 10- TEM image of alumina after solving metallic nickel in
nitric acid. nitric acid.

Table 3- BET results for Ni-AL,O, nanocomposites synthesized from different mixtures
synthesis number 2 6 7 8

specific surface area (m*g!) 45 38 207 122
mean particle size of less than 25 nm. the presence of a mixture of three fuels occurred

Finally, the four nanocomposites synthesized in with flame and slight sputtering. This justifies the
the presence of graphite were sent for the BET test application of a mixture of fuels for achieving a
to measure the specific surface area. The results of suitable combustion synthesis with high surface
BET are given in Table 3. area of nanocomposite.

As shown in Table 3, there are considerable Syntheses 7 and 8 that showed the highest BET
differences in the BET results. Sample number 7 results had glycine at F/O=1.5. According to Fig 3
in comparison with numbers 2, 6 and 8 had urea glycine at F/O 1.5 shows an unstable combustion
at the lowest level (F/O=1). According to previous synthesis. So, it can be said, urea and hydrazine play
papers, urea can decrease the surface area by a more important role than glycine on combustion
producing polymeric intermediates, which in characteristics and amount of surface area. Because
turn cause sintering of the synthesized particles it is necessary for a combustion reaction to be
during combustion [23]. This means that if the completed in the lowest time, what, did not happen
nanocomposite synthesis is done by urea as the only in nitrate-glycine system. By referring to Fig 2a and
tuel, the surface area is lower. In order to investigate 2c and Table 1 it can be recognized among urea and
this hypothesis, a BET test was conducted on a hydrazine that, hydrazine had rapid decomposition
Ni-10wt. % AL O, nanocomposite produced by that can cause a rapid combustion reaction. As
urea as the sole fuel. The BET result showed that shown in Table 1, reaction time for urea and
the specific surface area is about 25 m’g’. As hydrazine when F/O=1.5 were 3.1 and 2.9 seconds,
expected, the amount of specific surface area is respectively. During the reaction periods, hydrazine
lower than other fuels when urea is the only fuel has a 551°C increase in temperature versus 442°C
used for synthesis. Glycine and hydrazine could not for urea. In conformity with the findings of other
synthesize nanocomposite successfully when used researchers, such a difference suggests a much
alone. According to Table 1, glycine cannot reach more vigorous combustion reaction in the presence
the critical combustion temperature (600°C) for of hydrazine [32].

a crystalline synthesis of the nanocomposite. The The details of the synthesis reaction for the four
nitrate-hydrazine system in contrary to nitrate- mixtures are given in Table 4. The region of reaction
urea and nitrate-glycine systems that had visible is the region between ignition and combustion
flame during synthesis, it showed a synthesis temperatures.

without considerable flame and with an explosive The combustion characteristics in Table 4
voice. The nitrate-hydrazine system had severe show that the highest rate of reaction belongs
sputtering at F/O=1.5. It causes the reaction to synthesis 7 which has the best BET result. It
cannot be completed. Not to mention, syntheses in means, released gases during faster combustion
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Table 4- Details of the synthesis reaction for samples 2, 6, 7 and 8 from Table 2

synthesis number ignition combustion region of reaction time of reaction rate of reaction
temperature (°C) temperature (°C) °C) (s) (°Cs™h)
2 250 671 421 4.2 100.2
6 185 739 554 5.5 100.7
7 174 726 552 1.7 324.7
8 184 664 480 2.9 165.5

Table 5- Ni crystallite size calculated based on Scherer’s method

Synthesis Number 2

6 7 8

Ni Crystallite Size (nm) 17.60

17.58 13.29 15.59

F——  ersoow v om Synthesis Number 7

B

reactions increase surface area. Although all gases
contribute to heat losses and prevent sintering,
the most effective gases for producing porosity
and increasing the surface area are those released
during the combustion such as N, [33]. Hydrazine
produces more mol of N, in the same conditions as
compared to urea and glycine. It releases about 58
mol N, in comparison with 44 and 25 mol N, for
urea and glycine, respectively. Not to mention, even
the total mol of gases released by hydrazine (about
277 mol) is more than urea (about 220 mol) and
glycine (about 203 mol) in the presence of the same
amount of nitrates at F/O=1. Although synthesis
number 8 can produce more gases than number 7
(because of a higher amount of fuels), the higher
rate of reaction for synthesis 7 can release all gases
in less time than synthesis 8 that can have more

NG T
”
P ensaow vo:om Synthesis Number 8
TR 3 ~,

Fig. 11- SEM images of samples number 2, 6, 7 and 8.

130

effect on increasing surface area.

In Table 5, the nickel crystallite sizes are given
based on the XRD patterns in Fig 8. The calculation
of nickel crystallite size was carried out by Scherer’s
method [34].

As shown in Table 5, synthesis 7 has the lowest
nickel crystallite size. It proves the higher rate of
reaction, causes lower crystallite size. SEM and
FESEM images of four synthesized nanocomposites
are given in Fig 11 and Fig 12.

Fig 11 shows that the all samples are porous
even samples with lower BET results. Apparently
in images, higher porosity belongs to synthesis 7
that has the highest surface area. In order to better
understanding FESEM images are shown in Fig 12.

It can be seen synthesis 7 has small porosities than
other syntheses and it causes such high BET results.
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Synthesis Number 7

Fig. 12- FESEM images of samples number 2, 6, 7 and 8.

4. Conclusions

This research was devoted to investigating the
synthesis of Ni-10wt. %Al O, nanocomposite by
a mixture of three fuels using the SCS method in
less than ten minutes in air. The main results and
outcomes of this research can be summarized as
follows:

Nitrate-hydrazine reaction system has ignition
temperature in accordance with hydrazine boiling
temperature (110 °C).

Excess amount of urea and glycine (F/O >1) in
experimental conditions decreases the combustion
temperature, from 574 to 443 °C.

Synthesized alumina needs temperature more
than 600 °C to synthesize crystalline.

The highest surface area (207 m’g") belongs
to the nanocomposite produced with the highest
amount of hydrazine and glycine (F/O =1.5) and
the lowest amount of urea (F/O= 1).

Faster combustion synthesis causes higher
surface area.
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