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1. Introduction

Among the numerous transition metal oxides, manga-
nese-based oxides are particularly attractive as cathode ma-
terials for Li-ion batteries (LIB) due to their low cost and no 
toxicity. These transition metal oxides show interesting elec-
trochemical and surface properties that suggest their use in 
potential energy devices. Among them, the spinel-related 
oxide LiMn2O4 has been the most studied oxide for LIB, and 
its derivatives have been extensively studied as promising 
cathode materials due to its simple preparation and low cost 
[1,2] 

The performance of all oxides as electrodes depends on 
their purity, composition, structure, and morphology, since 
all these factors can modify the ion transport. It is well 
known that the synthesis method to prepare these materials 
plays a fundamental role, since the different morphologies 
and sizes obtained can lead to different electrochemical be-
haviors, modifying their performance as electrodes [3].  

In general, cathodes are made of transition metals that 
are toxic to the environment. In this context, the sonochem-
ical methods, and especially the ultrasonic synthesis (US), 
open a new route of synthesis of nanostructures of low cost 
and environmentally acceptable [4].  

In this work we show that LiFe0.25Zn0.25Mn4 oxides was 
successfully synthesized by the (DTN-UA) and subsequent 
heating to 800 °C. XRD and Rietveld refinement of X-ray data 
indicate that material crystallize in the Fd3m space group. 
SEM images show agglomerates of particles with sizes vary-
ing approximately between 500 and 1000 nm. The data 
have allowed to propose the cation distribution for each ox-
ide formulation.  

We will show studies of the electrochemical properties 
of the material as a potential cathode for lithium-ion batter-
ies. 

2. Experimental

2.1 Oxide synthesis 

      The powdered oxide of LiFe0.25Zn0.25Mn1.5O4 was synthe-
sized by an ultrasound-assisted thermal decomposition of 
nitrates (UA-TDN) route using the sonochemical method as 
it was previously reported [5]. Briefly, lithium nitrate 
(LiNO3), cinc nitrate hexahydrate (II), iron nitrate nonahy-
drate (III) (Fe(NO3)3*9H2O) and manganese nitrate monohy-
drate (Mn(NO3)2*H2O) (supplied by Sigma-Aldrich  98%), 
were used as precursors in stoichiometric quantities. These 
precursors were dissolved in 50 mL water under agitation 
during 30 min. Then the solution was placed in an ultra-
sound equipment (Sonic VCX) powered at 500 W, 20 KHz, for 
1 h. The obtained product was dried at 95 °C during 6 h and 
heated at a rate of 5 °C/min up to 800 °C and then main-
tained at this temperature for 6 h in air [6]. The black pow-
der obtained was quenched in air at room temperature.  

2.2 Characterization techniques 

     The phase identification and phase purity of the final 
products was checked by XRD using CuKα radiation (λ= 
1.5418 Å) in a Bruker D2 Phaser diffractometer (30 kV, 10 
mA). The crystal structure was refined using the Rietveld 
method. The sample morphology was examined by means 
of SEM using a Zeiss EVO MA10 apparatus at an acceleration 
voltage of 20 keV. The microscope was equipped with an Ox-
ford X-Act Energy Dispersive Spectrometer (EDS) for quanti-
tative elemental characterization.  

3. Discussion

3.1  X-ray diffraction 

After the synthesis of the material, the result was ana-
lyzed by X-ray diffraction (XRD) at room temperature. It was 
visualized that the structure presented by the new com-
pound of that LiFe0.25Zn0.25Mn1.5O4. crystallize in the Fd3m 
space group, with a cell parameter of a= 8.269(2)Å which 
was determined by the Rietveld method with the Fullprof 
program without appreciating impurities (see Fig.1). 
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Fig. 1. XRD profiles recorded from LiFe0.25Zn0.25Mn1.5O4 

 

3.2 Morphology characterization 

The morphology and particle size of the oxides was char-
acterized by SEM (see Fig. 2). SEM images showed that all 
the samples presented irregular polyhedral morphology [7], 
with particle sizes below the submicron range and forming 
agglomerates 1 μm in size. Yoon et al. [6] have observed sim-
ilar morphologies to those shown here. It is known that the 
application of ultrasounds in the synthesis of materials, pro-
motes the formation of nano-sized particles. Being a synthe-
sis route, which is carried out in solution it opens the possi-
bility of mixing the starting materials at the atomic level. 

 

Fig 2. SEM micrographs of LiFe0.25Zn0.25Mn1.5O4 
 
The EDS analysis (see Fig. 3) confirmed the presence of 

Fe, Zn, Mn and O. In addition, specific analyzes taken on the 
oxides verified the proportion of Mn/M cations according to 
formula 1.5/0.25= 6. Concerning the oxygen concentration, 
it is well-known that its determination by EDS is affected by 
a large error. Therefore, we will use an indirect determina-
tion method based on the total reduction of the oxide cation 
valences to the value + 2.  

 
Fig. 3. EDS spectrum of LiFe0.25Zn0.25Mn1.5O4 

4. Conclusions 

      We have successfully synthesized, using for the first time 
an ultrasound-assisted thermal decomposition of nitrates 
(UA-TDN) method, spinel-related oxides of composition 
LiFe0.25Zn0.25Mn1.5O4 showing high purity and good crystallin-
ity and, more importantly, with the cations being in high ox-
idation states. This synthesis method can have promising ap-
plications in the preparation of oxide cathodes for Li batter-
ies. 
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