
INTRODUCTION

Manganese oxides with different structures have an impor-
tant interest in many researches due to their particular properties
and applications. Most of the structural frameworks of the
manganese oxides consist of octahedral units1. The structural
differences are commonly contributed to variations in particle
size and the type of defect chemistry2. Since manganese oxides
with different structures exhibit excellent cation-exchange and
molecular adsorptive properties, they can be used as ion-sieves,
molecular-sieves, catalysts and cathodic materials for lithium
batteries3-7. Transition metal manganites were prepared by
precipitation-deposition, hydrothermal or sol- gel processes1.
The main advantage of these low temperature methods is to
give solids with large specifics surface area and high porosity
in the meso and macro ranges. A number of research work
is being done now on alkoxide sol-gel chemistry, but these
precursors are much more expensive and difficult to handle in
aqueous solution2. Sol-gel method offers excellent control of
mixing because of its ability to alter relative precursor reactivity.
The principle of the synthesis is to prepare the co-gel of both
metal derivatives in appropriate organic solvent by reaction
with water in stoichiometric amounts, while establishing the
required pH with the use of volatile bases and acids. The super-
critical drying is operated with respect to the solvent exhibiting
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the highest critical temperature in the case when two different
solvents or dispersants have been selected. Transition metal
manganites have a cubic spinel structure, in which oxygen
ions form a face centered cubic lattice and two different
interstitial sites occupied by the cations are of two kinds as
tetrahedral (A) sites and octahedral (B) sites3. The spinel crystal
structure is only formed when the ionic radius of the cation
(M) is less than about 1 Å. If  it is > 1 Å, then the electrostatic
coulomb forces are insufficient to ensure the stability of
crystal4.

These materials are usually synthesized by co-precipi-
tation or sol-gel method followed by high-temperature calci-
nation. However, specific surface areas of these spinels are
usually rather low5-11, typically not exceeding 50 m2g-1, limiting
the catalytic potential of these materials.

The catalytic properties of manganese mixed oxides are
attributed to the variability of the Mn oxidation state that allows
the formation of oxides and their oxygen storage capacity in
crystalline. An increased dispersion of MnOx on the oxide
surface leads to a significant increase in the catalytic activity,
which has been attributed to a larger catalyst surface exposed
to the reaction feed12-15.

The present work reports the effect of the calcination
temperature on the formation, structural, morphological and
catalytic properties of zinc manganite. The characterization
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techniques employed in this investigation were XRD, EDX,
SEM and TEM techniques. The as prepared samples have also
been tested as catalysts in the hydrogen peroxide decompo-
sition at 30, 40 and 50 °C.

EXPERIMENTAL

The mixed oxides were prepared using sol-gel method
by mixing finely powdered MnCO3 (2.3 g) and Zn(NO3)2·6H2O
(5.8 g) in 40 mL ethylene glycol in 500 mL beaker. The mixture
was boiled on a hot plate for 3 h until no yellow fumes. The
precipitate was cooled, washed with ethanol, dried and
calcined at 400, 600 and 800 °C for 4 h. The starting materials
Zn(NO3)2·6H2O was provided by Aldrich Chemical Co. while
MnCO3 provided from Prolabo.

Techniques: X- ray powder diffractograms (XRD) of  the
samples calcined at 400, 600 and 800 °C for 4 h were recorded
using a Bruker diffractometer (Bruker D8 advance target) and
the scan rate was fixed at 8° in 2θ min-1 for phase identification.
The patterns were run with CuKα with secondly monochro-
mator (λ = 0.1545 nm) at 40 kV and 40 mA.

The crystallite sizes of ZnO and ZnMn2O4 phases were
calculated from the X-ray line broading analysis of main diff-
raction lines of thes phases using the Scherrer equation16:

θβ

λ
=

cos
B

d

where, d is the mean crystallite diameter, λ is the X-ray wave-
length, B is the Scherrer constant (0.89), β is the full width at
Half Maximum (FWHM) of ZnO and ZnMn2O4 diffraction
lines and θ is the diffraction angle of the phases under investi-
gation.

Energy dispersive X-ray, EDX, measurements were
carried out on a Hitachi S-800 electron microscope with a
Kevex Delta system attached. The parameters were: -15 kV
accelerates voltage, 100 s accumulation time and 8 µm windows
width. The surface molar composition was determined by the
Asa method (Zaf-correction, Gaussian approximation).

Transmission electron microscope observation was
performed on a JEOL JEM-1230 electron microscope at acce-
lerating voltage of 120 kV. TEM samples were deposited on
thin amorphous carbon films supported on copper grids from
ultrasonically processed ethylene glycol solution of the
products and used to observe the morphology of the nanosized
particles. A drop of the solution was placed on a copper grid
that was left to dry before transferring into the TEM sample
chamber.

Scanning electron microscope image was carried out for
the investigated samples. Using SEM Model Philips XL 30
attached with energy dispersive X-ray unit, with accelerating
voltage 30 K.V., magnification 10 x up to 400.000x and reso-
lution for W. (3.5 nm). The samples are coated with gold.

The catalytic activates of various catalyst samples deter-
mined by studying the decomposition of H2O2 in the presence
of these specimens at temperature within at 30-50 °C using
50 mg of a given sample with 0.5 mL of H2O2 of known
concentration diluted to 20 mL with distilled water. The
reaction kinetics was monitored by measurement the volume of
oxygen gas liberated at different time interval until equilibrium
was attained.

RESULTS AND DISCUSSION

X-ray diffraction: Fig. 1 displays the XRD diffractograms
of  Zn/Mn mixed oxides calcined at 400, 600 and 800 °C for
4 h. Inspection of this figure revealed that: (i) Zn/Mn mixed
solids calcined at 400 °C consisted of well crystalline ZnO
and ZnMn2O4 phases. This indicates the promotion effect of
preparation method in the formation of ZnMn2O4 phase. (ii)
Increasing the calcination temperature of the as prepared solids
600 °C resulted to a decrease in the peak height of ZnO phase
with subsequent an increase in that of ZnMn2O4 crystallite.
One can not overlook the presence of manganese oxides as
amorphous phases depending upon the applied method of
preparation catalyst.  (iii) The calcination temperature of the
as-synthesized at 800 °C is sufficient to yield ZnMn2O4 as a
single phase. (iv) The peak height of ZnMn2O4 phase at 800
°C is greater than that at 400 and 600 °C.
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Fig. 1. XRD pattern of Zn/Mn mixed oxide calcined at different
temperatures; Lines (1) ) ZnMn2O4 and (2) ZnO

      The degree of crystallinity and crystallite size of ZnMn2O4

phase are listed in Table-1. Investigation of Table-1 showed
that: (i) the degree of crystallinity and crystallite size of
ZnMn2O4 nano-particles at 800 °C are greater than15 that at
400 and 600 °C. (ii) The crystallite size for the investigated
solids prepared by sol gel method and calcined at 400, 600
and 800 °C are always smaller than those prepared by ceramic
method15. In the light of these results, the catalytic activities
of solids prepared by sol gel method should be greater than
that of synthesized by ceramic method. This expectation has
been verified experimentally.

Energy dispersive X-ray measurements: EDX measure-
ments were carried out for Zn/Mn mixed oxides system calcined
at 400-800 °C. The relative atomic abundance of Mn, Zn and
oxygen species present in the uppermost surface layers of
different solids investigated is given in Table-2. It is well known
that EDX technique supplies the effective atomic concentration
of different constituents of the solids investigated present on
their top surface layers.

Inspection of table-2 reveled that: (i) the surface Mn/Zn
ratio in the solids at 400-800 °C is strongly dependent on the
calcination temperatures. (ii) The surface concentrations of
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Mn and Zn in all solids investigated are higher than that in the
bulk of these solids. (iii) The heat treatment of the investigated
mixed solids at 400 °C gave higher surface manganese/zinc
ratio. Increasing the calcination temperature of the as prepared
solids brought about a decrease in the surface Mn/Zn ratio.
These findings suggest a possible migration of some manga-
nese species from the surface towards the bulk of the solids
parallel to the concentration gradient.

SEM and TEM investigations: The SEM photographs
of Zn/Mn mixed oxides calcined at 400 and 800 °C are shown
in Fig. 2a and b, respectively. It can been seen from Fig. 2 that
the calcination at 400 °C led to agglomeration of nano-particles
as a rock shape and also the calcination at 800 °C resulted in
the same aggregation of the as prepared particles in the fragile
spongy-like structure. This finding suggested that the high
temperature led to decompose of spherulitic crystals into small
granules with nearly sizes have flakes with loops shapes
connected together make interface outlines fuzzy, but the thic-
kness of the flakes is slightly different with different templates.

Fig. 2. SEM images of Zn/Mn mixed oxide calcined at (a) 400 °C and (b)
800 °C

Fig. 3 shows the transmission electron micrographs of
mixed solids calcined at 400 °C. It is seen from this figure that
the particles are spherical in shape with weak agglomerations.
In the present study, the particles are ultra-fine and homogenous.

Fig. 3. TEM images of Zn/Mn mixed oxide calcined at 400 °C.

Catalytic decomposition of H2O2 over the prepared Zn/

Mn mixed oxides system: The kinetic of H2O2 decomposition
in the presence of various Zn/Mn mixed oxide catalysts were
monitored by measuring the volume of O2 librated at different
time intervals until equilibrium was attained. Such catalytic
activity were undertaken at 30, 40 and 50 °C, respectively. The
results obtained showed that the reaction followed first-order
kinetics in all cases. the slope of the first-order plots allowed
the ready determination of the reaction rate constant, k, measured
at a given temperature for a given catalyst sample. The effects
the calcination temperatures on the catalytic activities of various
catalysts are better investigated by comparing the values of
k measured at different temperatures over different solids. The
results obtained are listed in Table-3. Inspection of Table-3
revealed that: (i) the catalytic activities increase progressively
as a function of the reaction temperature for all Zn/Mn mixed
oxide catalysts. (ii) An increase of the calcination temperature
of the investigated catalyst resulted in a decrease in its catalytic
activities15.

It has been known that the preparation temperature plays
an important role in the catalytic behavior via the dispersion
and surface concentration of active phase involved in the catalytic

TABLE-1 
CRYSTALLINTY AND CRYSTALLITE SIZE OF DIFFERENT Zn/Mn 

MIXED OXIDE SOLIDS AT VARIOUS CALCINATION TEMPERATURES 

Samples Calcination temp. (°C) Crystalline phases Degree of crystallinity (a.u.) Crystallite size (nm) 
400 ZnO  

ZnMn2O4 
9.20 
8.18 

8.6 
6.5 

600 ZnO 

ZnMn2O4 
9.82 

10.10 
32.8 
29.3 

Zn/Mn 
mixed oxides 

800 ZnMn2O4 39.40 58.8 
 

TABLE-2 
DETERMINATION OF EDX OF THE SURFACE AND BULK MOLAR CONCENTRATION  

OF Zn/Mn MIXED OXIDES CALCINED AT DIFFERENT TEMPERATURES 

Atomic abundance (%) Solids Calcin. temp. (°C) Elements 
Calculated (Bulk) Found (Surface) Surface Mn/Zn Ratio 

Mn 28.4 46 
Zn 14.1 19 

400 
 

O 57.5 32 

2.42 
 

Mn 28.4 40 
Zn 14.1 21 600 
O 57.5 39 

1.90 

Mn 28.4 36 
Zn 14.1 27 

Zn/Mn mixed oxides 

800 
O 57.5 37 

1.33 
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reaction. In other words, the particle size and final local concen-
tration of the catalytic materials are strong dependence on
the calcination temperatures and the catalyst preparation
method17-30. In fact, XRD results showed that the crystallinity
and crystallite size of different oxides increases as the calcina-
tions temperature increases. However, EDX investigations
showed that the surface Mn/Zn ratio for the as prepared solids
decreases as the calcinations temperature increases. These
findings suggest that the dispersion of active species available
for reaction decrease by increasing the calcination temperature
leading to a significant decrease in the catalytic activities.

Conclusion

Single phase of nano-crystalline ZnMn2O4 particles were
prepared using sol-gel methods. The XRD investigations
showed that the calcination of Zn/Mn mixed oxides system at
800 °C resulted in formation of a single phase of ZnMn2O4.
The crystallite sizes of the solids increase as the calcination
temperature increases. EDX investigations revealed that the
relative atomic abundance of Mn and Zn species present in
the uppermost surface layers for investigated solids decreases
as the calcinations temperature increases.. The heat treatment
resulted in some changes in the microstructure, regarding grain
size, porosity and the particle distribution of the as-prepared
solids. The catalytic activity of sol-gel method based solids
decreases by increasing the preparation temperature depending
upon the crystallite size of these solids and also on the concen-
tration of both Mn and Zn species present in the uppermost
surface layer of catalyst.
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