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Abstract-FEight kinds of simple semiconducting spinel
ferrites, MeFe,0,, were prepared by self-combustion
method. To determine the material characteristics
were performed X-ray diffraction, SEM observations,
EDAX spectroscopy and BET analysis. The ferrites
have tested catalytically in combustion reaction of
three diluted gases: acetone, ethanol and methanol.
The results revealed a pronounced decrease in the
combustion temperature when Mg-, Cu- and Ni-
ferrites are used as catalysts.
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1. INTRODUCTION

High cost of noble metal catalysts imposes a
need for developing alternative catalysts.
Transition metal oxides are attractive alternatives
due to their relatively low cost and earthly
abundance [1]. The transition metal oxide
catalysts are less active than noble metal
catalysts, but more resistant towards catalyst
poisoning. In the last years, nanograined oxide
compounds, called ferrites, offer new
opportunities for enhancing the performances of
solid catalysts [2] due to the much higher surface
to bulk ratio compared to coarse micrograined
materials. High surface area of ferrites is priority
for catalytic purposes. In general, high surface
areas imply small particle sizes. The smaller is
the particle size, the larger is the surface area, in
front of gases for a given mass of particles.
Hence, the control of morphology will be one of
the first requirements for improving the catalyst
activity. Ferrites are thermal and chemically
stable ceramic materials, with low cost and easy
processing. The conventional ceramic way for
preparing ferrite powder does not allow a precise
control of powder quality. For this reason, the
researchers have tried new nonconventional
procedures for preparing the spinel type ferrites
with fine particles [3].

The purpose of this work was to find new
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ferrite compositions with suitable properties for
catalyst applications.

2. EXPERIMENTAL

Eight kinds of simple spinel ferrites, MeFe,O4
(Me = Cu, Ni, Zn, Mg, Co, Ca, Li and Cd), were
prepared by so called “self-combustion method”
using nitrates as precursors [4]. Metal nitrates,
ammonium hydroxide and polyvinyl alcohol were
used as starting materials. Metal nitrates are the
salts we preferred because they contain nitrogen
and are water soluble (a good homogenization
can be achieved in solution). Hydrate salts are
even more favored, although the water molecules
are irrelevant for the chemistry of the
combustion. The preparation procedure included
the following procedures: (1) dissolution of metal
nitrates in deionized water; (2) polyvinyl alcohol
addition to the first solution to make a colloidal
solution; (3) NH4,OH addition to increase pH to
about 8; (4) stirring at 80°C; (5) drying the gel at
120°C; (6) and finally self-combustion. The dried
gel was ignited at one end by using an electrically
heated W wire (0.5 mm in diameter) and an
exothermic combustion reaction began. The
combustion front spontaneously autopropagates
and converts the dried gel in a loose powder. The
as burnt powders were calcined at 500°C for
30 min to eliminate any residual organic
compounds. Then, calcined powders were heat
treated at 900°C for a short time of 10 minutes, to
obtain a good crystallinity of the powder without
a sesizable increase of the crystallites.

The surface morphology has been analyzed by
scanning electron microscope QUANTA 200 3D
Dual Beam. The grain size was appreciated from
SEM micrographs by linear intercept method [5].
The specific surface area (SBET) was determined
by Brunauer-Emmet-Teller (BET) method [6],
based on adsorption/desorption isotherms of
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nitrogen at 77 K obtained with NOVA 2200
apparatus. The pore size distribution (PSD) was
calculated from the adsorption isotherms using
BJH (Barrett-Joyner- Halenda) method [6]. The
chemical composition of the surface particles
was examined with an energy dispersive X-ray
spectrometer (EDAX: Genesis). Incident electron
beam energies from 0 to 14 KeV have been used.
In all cases the beam was at normal incidence to
the sample surface and the measurement time
was 100 s. All the EDAX spectra were corrected
by using ZAF correction, which takes into
account the influence of the matrix material on
the obtained spectra.

3. RESULTS AND DISCUSION

The X-ray powder diffraction was employed
for phase identification and nanoparticle
formation. The XRD patterns of the ferrite
powders after heat treatment at 900°C are shown
in Fig. 1 for two ferrites. Except for CuFe,O4
ferrite, the cubic spinel phase formation with
Fd3m space group was detected. CuFe,0, ferrite
does not conserve cubic symmetry. This is a
tetragonal distorted spinel (due to Cu*" ions) with
the space group 141/amd. The most intense peaks
in all specimens are (220), (311), (400), (422),
(333) and (440). The XRD patterns confirmed
the presence of spinel phase as major phase.

Fig. 1. XRD patterns for two spinel ferrites.

From the results obtained by XRD analysis
some observations can be made:

e The lattice constant depends on the Me type
and suggests the formation of a
compositionally homogeneous solid solution;

e The lattice constants for ferrite nanoparticles
are close to those known for bulk ferrites);

e The crystallite size calculated with Scherer’s
equation was found to be in the range 36 to 52
nm and this demonstrates that powders with
nanosized crystallites have been obtained;

e Though all samples were prepared under
identical conditions, the crystallite size was
not the same for all compositions; this
increases with increasing the Me ion radius.
The surface morphology of the ferrite powders

can be examined from SEM micrographs (Fig. 2).
One can remark the high tendency of the fine
crystallites to form mini- or macro-agglomerates
having irregular shapes and sizes. The average
size of the agglomerates estimated from these
micrographs is between 400 and 550 nm. Large
agglomerates dispersed through small

CUF6204

ZHF6204
Fig. 2. SEM micrographs for two spinel ferrites.
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agglomerates there are in Cd ferrite, of about 20
times as large as crystallites, due to the smallest
crystallite size (33 nm). Agglomerates of
approximately the same sizes are observed in
other ferrites.

The nitrogen adsorption/desorption isotherms
at 77 K for CuFe,0, ferrite powder are shown in
Fig.3. One can see, that the desorption branch
does not follow the adsorption branch, but forms
a distinct hysteresis loop because the amount
adsorbed is greater along the desorption branch
compared to the adsorption branch. The
adsorption isotherms can be classified as type IV
according to the IUPAC classification [6]. The
hysteresis loop is of type HI1 that is often
associated with porous materials consisting of
agglomerates of particles with approximately
uniform spheres.

Fig. 3. Nitrogen adsorption/desorption izoterms at 77K for
CuFe,0, ferrite powder ; symbol romb (©) is the adsorption
branch and square symbol (o) is the desorption branch).
Inset: the pore size distribution graphs.

The BET surface area, Sggr, was evaluated
from the nitrogen physisorption data using the
Brunauer-Emmett-Teller equation [6]. All
samples have reasonable specific surface area.
Among all, CdFe,O, exhibits the smallest
crystallite size (33 nm) and the higher specific
surface area (4.75 m*/g). The other samples have
higher crystallite size and smaller specific
surface area. From the adsorption/desorption
branches of the isotherms were calculated the
pore size distributions by BJH method [6]. The
PSD graphs are inserted in Fig. 3. One can
remark that in the Cu- and Cd- ferrites there are
two or three distinct pore size distributions, but
all size ranges fall within the nanosized region.

The EDX patterns confirm the homogeneous
mixing of Mg, Li, Ca, Co, Zn, Ni, Cd, Cu and Fe

atoms in samples and the purity of the chemical
compositions. The Me/Fe molar ratio was found
close to the theoretical value. EDAX spectrum for
MgFe,0, powder is shown in Fig. 4.

Fig. 4 EDAX spectrum for MgFe,0, ferrite.

One can see characteristic peaks and the
composition of MgFe,O, ferrite. The Mg/Fe
molar ratio was found of 0.55, whereas
theoretical value is of 0.5, which is a proof of
homogeneous distribution of the elements in the
solid.

The catalyst tests of the four prepared ferrite
powders were performed by measuring the
minimum temperature at which the combustion
reaction of very small concentrations of acetone,
ethanol and methanol occurs in air environment
catalyzed by ferrite powders. It is known that the
catalyzed combustion reaction takes place at
much lower temperatures than that non-
catalyzed.

In Fig. 5 the minimum temperature for
combustion of the three diluted gases over the
four ferrite nanopowders are given. For
comparison is given also the minimum
temperature required igniting the mentioned gases
without a spark or catalyst being present. All
experiments were conducted twice to ensure
reproducibility; similar results were always
obtained. In the bar diagram one can remark the
change of minimum combustion temperature with
ferrite catalyst composition. It is important to
note that the most efficient ferrite catalyst is Mg-
ferrite, which has the greatest effect in decreasing
the combustion temperature (to about 200 deg) of
gases in air environment, being the most active
catalyst.

It is known that the oxygen species

(0*,0;,07) adsorbed on the oxide compound
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surface play a major role in the -catalytic
combustion [7]. The interaction of surface-active
oxygen species with reactants determines the
mechanism for gas oxidation over mixed oxide
catalysts, but the surface defects are sites for
oxygen adsorption [8]. However, the possibility
of involvement of the surface lattice oxygen in
the gas combustion over mixed oxides cannot be
excluded [9]. The valence of Mg*", Li*, Ca*" or
Co*" ions, lower than that of Fe*" ion, can cause
the formation of oxygen vacancies and
modification of the lattice oxygen mobility.

Fig. 5. Bar diagram, for the minimum combustion
temperature of acetone, ethanol and methanol vapor in air
in the presence of ferrite catalysts and without catalyst.

In the present study, a possible explanation
for the temperature differences in the gas
combustion reactions catalyzed by various
composition ferrites can be either different
reactivity of the oxygen species adsorbed on the

ferrite surfaces (O~ is more active than O*7) or
various densities of the active surface sites. The
improved activity of Mg containing ferrite can be
mainly ascribed to a larger density of surface-
active oxygen species, weakly bonded on the
ferrite surface, which can facilitate the ferrite to
oxidize the combustible gas when this comes
into contact with ferrite surface. Also, the larger
surface area of Mg ferrite presumes much more
intensive interactions between the ferrite surface
and the gas which can promote the gas oxidation
at lower temperatures. The weakly effect of Ca
and Co ferrites suggests less active oxygen
species available for the combustion reaction.

The obtained results incite to investigate also
other ferrite compositions to find a catalytic
material with the best properties.

4. CONCLUSIONS

Spinel-type  ferrite  powders  (CuFe,Q,,
NiFe,O4, ZnFe,04, CdFe,O4) with nanosized
crystallites were prepared by self combusted
method. The X-ray diffraction and SEM
micrographs confirmed the presence of spinel
phase as major phase, nanosize of the ferrite
crystallites (33—52 nm) and the presence of the
agglomerates. The catalytic tests showed that the
catalytic combustion of the dilute gases (acetone,
methanol and ethanol) when Cu or Ni spinel
ferrite are used as catalyst can take place at much
lower temperatures in comparison with normal
combustion. A probable explanation for the better
catalytic activity of these ferrites has been
proposed. Experiments are under way to better
understand the Ni- and Cu- ferrite surface
chemistry responsible for the observed
performance.
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