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1-Introduction

In recent years, many researchers have been drawn to
manganese oxides (MnQOz, Mn;Os, Mn3O., and MnQO)
because of their potential physicochemical applications.
Among manganese oxides, manganese dioxide (MnO,),
with its diverse crystal structures (a, B, y, 6, A g) and
controllable morphology, can be applied for applications
in the field of catalysts, particularly in the environmental
sector including water treatment. As one of the various
crystal structures mentioned above, a-MnO- with its one-
dimensional tunnel structure and basic formula Azx Mng.y
Xis (A, isanionsuch as Li *, K* NH4 *or Na* and X
represents O* or OH’) has attracted a great deal of
attention. In which, KxMngOss as a cathodic material, has
many applications in catalytic issues. To this day, many
methods including hydrothermal, sol-gel, ball-mill and
wet-method have been suggested to synthesize KxMngOag
with various amounts of K. These techniques have
considerable disadvantages such as high temperature,
being expensive, and time consuming.

This study has focused on one-step solution
combustion synthesis of manganese dioxide. Solution
combustion synthesis (SCS) involves a rapid self-
sustained exothermic reaction between fuel and oxidizer
which leads to the production of solid well crystalline
foamy material. MnO; is stable at low temperatures,
which leads to a challenging process through SCS. Also,
variable parameters including adiabatic temperature, the
amount of stabilizer, type of fuel and ¢ (the ratio between
capacities of reductive and oxidizer agents) have been
considered to reach MnO,. In addition, the effect of
adding K* and Na* as stabilizer cations was studied.

2-Experimental

Manganese (Il) nitrate tetrahydrate (Mn (NOs)..4H.0
>99%, Merck, Germany), potassium chloride, sodium
chloride (KCI, NaCl > 99%, Dr.M, Iran) and urea (CH-
aN20O >99%, Neutron, Iran) were utilized as precursors.
The synthesis procedure was carried out according to the
following three systems:

1- Stoichiometric system using glycine and urea as fuels
with ¢ = 1 was applied (samples G-1 and U-1).

2- Non-stochiometric system with various ¢ ratios for
glycine (samples G-0.15, G-0.25, G-0.5, G-1 and G-2)
and urea (samples U-0.15, U-0.25, U-0.4, U-0.5, U-0.6,
U-0.8, U-1 and U-2) was applied.

3- System using urea with KCI and NaCl as the stabilizer
of 0a-MnO; phase in various K/Mn ratios: (samples U-
0.15-KCI-0.174, U-0.15-KCI-0.034, U-0.25-KCI-0.006
and U-0.25-KCI-0.0259, U-0.25-KCI-0.0058, U-0.25-
KCI-0.259, U-0.15-NaCl-0.22, U-0.15-NaCl-0.04, U-
0.25-NaCl-0.37, U-0.25-NaCl-0.07, U-0.25-NaCl-0.04,
U-0.25-NaCl-0.007, U-1-NaCl-4.40, U-1-NaCl-5.56, U-
1-NaCl-5.95, U-1-NaCl-6.69).

The desired amounts of precursors were firstly
dissolved in 7 mL of deionized water according to
conditions mentioned in the above three systems. The
solution was then magnetically stirred to achieve a
homogenous solution. The obtained solution was poured
into an alumina crucible and heated. The solution was
heated until water was evaporated and a gel formed. Then
combustion reaction was ignited resulting in the
formation of nano powders. Afterwards, the product was
filtered and rinsed with deionized water for several times.
Finally, the powder was oven dried at 60 °C. Also, heat
treatment was carried out for some of samples.

3-Results and discussion

Fig.1, illustrates the dependency of adiabatic temperature
on the ¢ values for glycine and urea fuels. As indicated in
Fig. 1, the adiabatic temperature decreases with deviating
the ¢ ratio from the value related to the production of
Mn3z04 (¢ = 1.16). The comparison between Fig. 1(a) and
(b) shows that the adiabatic temperatures of the reactions
are generally lower when urea is used as fuel.

Aiming to show stability of MnO;, Mn,0s, MnzOy,
MnO and Mn, the equilibrium oxygen pressure was
calculated by HSC chemistry software. As shown in
Fig.2, inan ambient atmosphere (P,, = 0.21 atm), MnO;
is stable up to 755 K; while Mn,O3z and Mn30O; are stable
at 755-1172 K and 1172-1853 K, respectively.
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Figure 1. The adiabatic temperatures of the reactions using
(a) glycine, and (b) urea versus ¢ value.
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Figure 2. Stability regions of different manganese oxides.

Fig. 3 shows the XRD patterns of synthesized powders
according to the conditions mentioned for system 1
(samples G-1 and U-1). According to Fig. 3, sample G-1
dominantly is consisted of Mn3Os (ICDD 24-0734)
accompanied by traces of MnO (ICDD 075-0626);
whereas, sample U-1 has a high amount of MnzO4 with
traces of Mn,O3 (ICDD 041-1442).
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Figure 3. XRD patterns of synthesized manganese oxides at
¢=1 condition.

As indicated by XRD patterns, sample G-2 contained
MnzO4 and MnO oxides. Based on the XRD patterns
associated with sample G-1, Mn3O4 is the dominant oxide.
Results showed a dominant phase of Mn,O3 in samples G-
0.15, G-0.25, and G-0.5. As the ¢ value decreased from 1

to 0.15, less reductive condition and lower adiabatic
temperature of the system led to Mn,Os; formation.
Although low ¢ values and adiabatic temperatures
provide favorable conditions for the formation of MnO,,
there was no evidences of MnO; in the XRD patterns,
even for sample G-0.15. Accordingly, further experiments
were conducted using urea fuel. However, the XRD
pattern of Sample U-1 indicated that Mn,O3 was the
dominant oxide while Mn3O, and MnO were dominant
oxides in sample U-2. Contrary to expectations, MnzO,
was revealed in samples U-0.4, U-0.6, and U-0.8. The
unexpected behavior can be explained by the dissimilar
conditions of urea evaporation during heating. This
phenomenon was not observed in the samples synthesized
by glycine due to its higher boiling point. Also, it was
found that by decreasing the ¢ value from 0.5 to 0.4, 0.25
and 0.15, a decline in the reductive condition and the
adiabatic temperature of the system has occurred. Thus,
the oxides with higher valances such as Mn,O3z and MnO;
have gradually formed. Consequently, in samples U-0.15
and U-0.25, predominant amount of MnO, formed in two
polymorph types of B-MnO, (ICDD 24-0735) and a-
MnO; (ICDD 44-0141). It should be noted that adding
KClI and NaCl as stabilizers of a-MnQOg, did not have any
considerable effect on the transformation of f-MnO; to a-
MnO.. Heat treatment of the synthesized products at 500
°C has led to the formation of Mn,Os.

4-Conclusions

The one-step synthesis of multiple forms of manganese
oxides especially MnO2 was carried out using the solution
combustion synthesis (SCS) method. To examine the
effects of fuel type, stabilizer, and fuel ratio on the
morphology and phase composition of the final product,
the synthesis was conducted using glycine and urea as fuel
and KCI and NaCl as stabilizer. The production of
combination of o-MnO, and B-MnO; phases, were
attained using urea at fuel-lean conditions (¢ = 0.15,
0.25). Furthermore, the same result was obtained by
adding NaCl and KCl at ¢ = 0.15, 0.25.
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