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1. Introduction
Studying the history of novel materials has shown that the

discovery and production of these materials provides the
facilities needed for innovation in various fields. [1,2] This
revolution in the production of materials has led to the
discovery of new synthesis methods that are more
economically cheaper, environmentally friendly and
operate at a higher speed. Among; these methods are sol-
gel, co-precipitation and combustion synthesis. [3] The
solution combustion synthesis method is known as a
simple and efficient method which provides the possibility
of producing materials with the desired quality and
composition. Compared with other methods, this method
leads to the production of metal nanoparticles at lower
temperatures, attributed to the spontaneous exothermic
reaction between NHs; and HNOs. [3,4] Among well-
known metal oxide nanoparticles are NiO, MgO, CuO, and
Zn0. [5] manganese oxides have been considered as
promising materials due to their low toxicity, low cost and
environmental compatibility. [6] Additionally; copper
oxides, due to their low cost, and narrow band gap, find
applications in various fields including electro catalysts
and photo catalysts. the purpose of the current research is
to prepare mixed metal oxide from the Cu-Mn-O system
by solution combustion synthesis method as an
environmentally friendly method. Also, the effect of the
fuel-to-oxidizer ratio on phase crystallization and physical
characteristics of the obtained samples (such as particle
size, morphology, and porosity) is also investigated. In this
regard, there is no definition for the optimal molar
percentage and the optimal ratio of fuel to oxidizer

Furthermore, the best parameters are chosen based on the
desired properties for the required application. For
example, researchers have used Cu;0-Mnz0y in lithium-
ion batteries [8], and Mn,O;@MnO; as active materials in
supercapacitors [9] achieved essential results. In this
research; CuOx-MnOy mixed metal oxide was prepared by
the solution combustion synthesis method; for this
purpose, glycine fuel was used in various fuel-to-oxidizer
ratios. Additionally; the effect of changing the molar
percentage of Cu and Mn cations on the crystallization of
the final product phases was investigated.

2. Materials and Methods

The primary materials used in this study include (Cu
(NO3)2*3H20), (Mn (NO3)2*4H20), and glycine
(C2H5NO2) which are used without further purification.
The precursors of manganese nitrate tetrahydrate and
copper nitrate trihydrate are mixed separately with
distilled water. The solution is transferred to a 250 mL
beaker and subjected to further stirring by fuel addition.
Eventually, the solution is placed on a preheated hot plate
at 330 °C for water evaporation and gel formation in the
reaction medium.

3. Results and Discussion

3.1 Analysis XRD

Figure 1 shows the XRD pattern of the synthesized
samples at F/O=1 ratio for the specified chemical
compositions. In the X-ray diffraction pattern of the Cuzqo-
G sample, the presence of two main phases, Cu and Cu.0,
is observed. the CuO phase with the card number (CuO-
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ICDD card N0.=01-080-1916) is well-crystallized. In
addition to CuO, the presence of the Cu,O phase with the
card number (Cu,O-ICDD card No0.=01-075-1531) at
36.35=02 is also observed. The formation of these phases
can be attributed to the decrease in oxygen pressure within
the system, which consequently lowers the phase transition
temperature. Also, in the fuel-to-oxidizer ratio 1 observant
increase in temperature compared to other systems. As a
result, it increases the system's tendency towards forming
phases with a lower oxide state. The gradual addition of
manganese nitrate and the increase in the created
temperature prevent the placement of the reaction solution
within the stability region of the MnO, phase, leading to
the decomposition of manganese nitrate into MnyOs,
Mn3QO4, and MnO. Also, Due to its stability at temperatures
above 700°C, the solid solution CuMn;O4 exhibits a
greater propensity for formation of compositions
containing manganese nitrate.
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Figure 1. XRD pattern of the sample synthesized with glycine
fuel and fuel to oxidizer ratio of 1 in specific Cu-Mn-O ratios.

3.2 Analysis FE-SEM

Figure 2 displays FE-SEM images of synthesized samples
with stoichiometric fuel-to-oxidizer ratios. The sample
Cul00 has a cauliflower-like morphology, formed by
agglomerated spherical CuOx nanoparticles (Figure 2a).
As Mn cations increase, it transitions to a porous sponge
or foam-like structure. Higher temperatures lead to faster
reactions, and impede particle growth. Consequently, with
the increasing manganese nitrates yield smaller particles
(Figure 2b-d). Increased gas volume is the key factor in

forming a porous structure; As the gas volume of Mn100
is lower but the ignition temperature is higher, the
inhibition of the growth of nanoparticles due to reduced
reaction time was observed.

Figure 2. SEM images of the surface of synthesized
nanoparticles of Cu-Mn mixed metal oxide in the ratio of
fuel to oxidizer 1 (a)Cuioo (b)Curs-Mnzs (c)Cuso-Mnso
(d)Cuzs-Mn7s(e)Mnu1oo

4. Result and discussion

The obtained results in this research are as follows.

The obtained results revealed that glycine is used as a
suitable fuel for the synthesis of metal nanoparticles and
solid solution; The high temperature created by the glycine
fuel leads to the synthesis of the desired nanoparticles in a
single-step, rapid, without the need of furnaces and
expensive equipment. The formation of CuMn,QO, solid
solution along with a mixture of CuOx and MnOy oxides in
chemical compositions with a higher molar percentage of
Mn exhibits a greater tendency to form due to high
temperature. In all the studied compositions, the smallest
crystals size of the nanoparticles is reported in the fuel-to-
oxidizer ratio equal to 1, which is caused by factors such
as the decrease in temperature caused by the release of a
larger volume of gases in this fuel-to-oxidizer ratio.
Furthermore, the released gas volume has a significant
effect on the morphology of the final products; Analyzing
the morphology of the synthesized products in the ratio of
fuel to oxidizer 1 shows the formation of sponge-like
morphologies, which is influenced by the effect of two
parameters, the temperature increase and the output
volume of gaseous products.
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The Effect of Process Parameters on the Phase and Microstructure of Cu-Mn-O Mixed Metal Oxide
Synthesized via Solution Combustion Synthesis

Laya Agah Sahar Mollazadeh Beidokhti Ghasem Barati Darband Jalil Vahdati Khaki

Abstract Cu-Mn mixed metal oxide nanoparticles were synthesized using the solution combustion method with using
glycine as the fuel. Various ratios of fuel to oxidizer and different molar percentages of Cu and Mn cations were
considered as variables in this system for investigation. Then, the effect of the aforementioned changes on the
crystallization of the phases of the final product and the change in the crystallite size of the particles were evaluated. In
the next step, the physical and chemical characteristics of the final products were carefully evaluated using using both
X-ray diffraction (XRD) and scanning electron microscope (SEM). The results obtained from XRD and FE-SEM analyses,
the simultaneous effect of changes in the ratio of fuel to oxidizer and the molar percentage of metal cations on the
composition of phases, the morphology of the constituent particles, and the crystallite size of the particles were
investigated. Also, the use of glycine fuel led to the synthesis of solid solutions of CuMn204 and CuMnO2 without needing
furnaces or expensive equipment. By increasing the molar percentage of Mn in the fuel-to-oxidizer ratio (1), the porosity
and pore size increased. Furthermore, calculations confirmed the smallest crystallite size at this fuel-to-oxidizer ratio.

Keywords Solution Combustion Synthesis, Mixed Metal Oxide, System Cu-Mn-O« The Effect of Fuel to Oxidizer.
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Cu (NO3)2*3H20 + 0.555 C2HsNO2 = 0.5 CuO + 0.5 Cu (NO3)2*3H20 + 1.11 CO2 + 2.8875 H20
+0.7775 N2 + 0.00102

Cu (NO3)2*3H20 + 0.8325 C2HsNO2 - 0.75 CuO + 0.25 Cu (NO3)2*3H20 + 1.665 CO2 +
4.33125 H20 + 1.16625 N2 + 0.001875 O2

100CuO

Cu (NO3)2*3H20 + 1.11 C2HsNO2 - 0.5 CuO + 0.5 Cu (NO3)2*3H20 + 1.11 CO2 + 2.8875 H20
+0.775 N2 + 0.0025 O2

Cu (NO3)2*3H20 + 1.3875 C2HsNO2 - CuO + 2.22 CO2 + 5.775 H20 + 1.555 N2 + 0.2775
C2HsNO:2

6.75Cu (NO3)2*3H20 + 2.25Mn (NO3)2*4H20 + 4.75C2HsNO2 - 3.375Cu0 + 1.125Mn0O2 +
3.375Cu (NO3)s*3H20 + 1.125Mn (NOs)s*4H0 + 9.5C05 + 26.5H,0 + 6.875N>

6.75Cu (NO3)2*3H20 + 2.25Mn (NO3)2*4H20 + 7.125CzHsNO; > 5.0625CuO +1.6875 MnOz +
1.6875Cu (NO3)2*3H20 + 0.5625Mn (NO3):*4H20 + 14.25C0Oz + 39.75H20 + 10.3125N>

6.75Cu (NO2)2*3H20 + 2.25Mn (NO3)2*4H:0 + 9.5C2HsNO2 > 6.75CuO + 2.25MnO2 + 19CO;
+53H,0 + 13.75N;

75Cu0-25Mn0O;

6.75Cu (NO3)2*3H20 + 2.25Mn (NO3)2*4H,0 + 11.875C2HsNO2 = 6.75CuO + 2.25Mn0O2 +
2.375C2HsNO2 + 19CO2 + 53H20 + 13.75N2

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H20 + 4.5C2HsNO2 > 2.25Cu0 + 2.25Mn0O2 + 2.25Cu
(NO3)2*3H20 + 2.25Mn (NO3)2*4H20 + 9CO2 + 27H20 + 6.75N2

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H0 + 6.75C2HsNO, > 3.375CuO + 3.375MnO2 +
1.125Cu (NO3)2*3H20 + 1.125Mn (NOs)2*4H20 + 13.5CO2 + 40.5H20 + 10.125N,

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H0 + 9C2HsNO2 - 4.5CuQ + 4.5MnO; + 18CO; +
54H20 + 13.5N2

50Cu0-50Mn0O;

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H20 + 11.25C2HsNO2 = 4.5CuO + 4.5MnO; +
2.25C2HsNO; + 18CO; + 54H,0 + 13.5N,

2.25Cu (NO3)*3H0 + 6.75Mn (NO3)*4H,0 + 4.25C;HsNOz > 1.125Cu0 + 3.375MnOz +
1.125Cu (NOs)2*3H20 + 3.375Mn (NOs)2*4H20 + 8.5CO; + 27.5H20 + 6.625N>

2.25Cu (NO3)2*3H20 + 6.75Mn (NO3)2*4H20 + 6.375C2HsNO2 - 1.6875Cu0O + 5.0625Mn0O2 +
0.5625Cu (NO3)2*3H20 + 1.6875Mn (NOs)2*4H20 + 12.75CO2 + 41.25H20 + 9.9375N>

2.25Cu (NO3)2*3H20 + 6.75Mn (NO3)2*4H20 + 8.5C2HsNO2 - 2.25Cu0 + 6.75Mn0O2 + 17CO2
+ 55H20 + 13.25N2

25Cu0-75Mn0O;

2.25Cu (NO3)2*3H20 + 6.75Mn (NO3)2*4H20 + 10.625C2HsNO2 = 2.25Cu0O + 6.75Mn0O2 +
2.125C2HsNO2 + 17CO2 + 55H20 + 13.25N2

Mn (NOs)2*4H20 + 0.4445 C2HsNO2 - 0.5 MnO2 +0.5 Mn (NOs)2*4H20 + 0.889 CO2 + 3.1125
H20 + 0.72225 N2

Mn (NOs)2*4H20 + 0.66675C2HsNO2 > 0.75MnO2 +0.25 Mn (NOz)2*4H20 + 1.3335CO2 +
4.667H20 + 1.0833N:

100MnO;

Mn (NOs)2*4H20 + 0.889C2HsNO2 > MnO;z + 1.7778CO2 + 2.6225H20 + 1.4445N;

Mn (NO3)2*4H20 + 1.11125C2HsNO2 = MnO2 + 0.22235C2HsNO2 + 1.7778CO2 + 6.2225H20 +
1.4445N
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