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The main developments in the synthesis of cobaltites are surveyed. Solid state reactions
between oxides, thermal decomposition of mechanical mixtures of transition metal salts,

the use of complex compounds as precursors, mechanochemical synthesis, deposition of
cobaltites on supports and cobaltite synthesis by thermal treatment of coprecipitated
compounds are discussed and the specific advantages and disadvantages of each method
pointed out. The binary spinel cobaltites find applications as materials in many fields, their
main importance being as catalysts. In order to achieve high specific surface area, cobaltite
synthesis by thermal treatment of coprecipitated precursors proves to be the most promising
method. Different kinds of precursors are regarded. Transition metal basic salts are promising
for the synthesis of binary mixed oxides and, in particular, of cobaltites. The conditions suited
by the coprecipitated precursors for the synthesis of cobaltites with preset properties, such as

high-dispersity, homogeneity, a definite stoichiometry and a low impurity content, are
indicated. Special attention is paid to hydroxidecarbonates. Their use as precursors ensures
these demands for the final product and also evolution of toxic gases during the thermal

decomposition is avoided.

1. Introduction

The spinel Co;0, has a high catalytic activity with
respect to a number of complete oxidation reactions
[1-9]. This is ascribed to the high mobility and the
low binding energy of surface oxygen in this oxide
[3, 6-10]. The binary cobaltites have similar behaviour
[1, 11-13]. Some authors consider that this class of
compounds and some transition metal mixed oxides
are more stable than the noble metals against catalytic
poisons [14]. The cobaltites are supposed to be suit-
able substitutes for platinum and palladium in cata-
lytic combustion processes. Their use as catalysts and
oxide electrode materials [15-21] is the main reason
for the enhanced interest in the synthesis and proper-
ties of this type of compounds.

The catalytic properties of spinel mixed oxides have
been studied in several model reactions: oxygen iso-
tope exchange, hydrogen, methane and toluene com-
plete oxidation [22-24]. The activities of some binary
spinel cobaltites in these three model catalytic reac-
tions are presented on Figs 1 and 2 and the activation
energies are collected in Table 1. Their activity de-
pends on the metal-oxygen binding energy and the
amount of reactive oxygen on the surface. The highest
oxidation rate is observed on the cobaltites of copper,
zinc and nickel. The studies of different authors have
proved that water vapour influences the reaction rate
insignificantly, while carbon dioxide depresses the
reaction in the case of CaCo,O,. This is explained by
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poisoning of the surface as a result of partly irrevers-
ible adsorption [22]. Although cobaltites are generally
accepted as combustion catalysts, the selective oxida-
tion of propene to acrolein on a copper—cobalt spinel
mixed oxide catalyst has also been investigated [25].
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Figure 1 Specific rate of oxygen isotope exchange (- - -) and hydro-
gen oxidation (——) catalysed by MeCo,0, (R = reagent mol-
ecules cm ™% s~ !, oxygen pressure = 10% Pa, T = 573 K, hydrogen
concentration 1%).
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Figure 2 Specific rate of: (a) methane oxidation (——) catalysed by
MeCo,0, (R = reagent molecules cm™2s7!, pressure = 10° Pa,
T =573 K, methane concentration 1%); (b) toluene oxidation
(- - -) catalysed by MeCo,0, (A = activity, [molesg~!s™!]
x 107, T = 510-545 K).

TABLE I Activation energies for different cobaltites in catalytic
reactions {22, 24]

Cobaltite E,, [kcalmol ']

Oxygen Hydrogen  Methane Toluene

isotope oxidation oxidation oxidation
exchange
MgCo,0, 18 11 27
CaCo,0, 9 11 29
MnCo,0, 17 12 28
Co;0, 16 10 16 8.1
NiCo,0, 21 17 24 15.6
CuCo,0, 25 15 21 129
Cuy, 5 Co, ,0, 89
Cuq 5 Co, 5O, 11.6
Cu,, Co, 50, 134
ZnCo,0, 18 14 16
A - |B
B x A
B A
A B

oA @B oo

Transition metal mixed oxides are also known as
precursors of other important catalysts — for hydro-
genation, olefin metathesis, etc. [41]. This determines
the interest in the catalytic behaviour of these com-
pounds towards oxidation processes in general, as well
as in their synthesis.

The cobaltites of IVth period metals of the Periodic
Table have been studied in detail, as have Mg and
Ca cobaltites [1, 13, 22]. Cations with different sizes
and charges may enter the spinel lattice. The oxygen
anions are ordered in a close cubic array, while the
cations fill one half of the octahedral and one eighth of
the- tetrahedral positions. The unit cell AgB;s0;,
contains 32 anions, which, in the ideal case, are
arranged in the densest cubic packing and form 64
tetrahedral and 32 octahedral sites, 8 tetrahedral
(A positions) and 16 octahedral (B positions) being
occupied by cations (Fig. 3). The general chemical
formula is AB,0,4.

A non-ideal spinel structure is formed as a result of
the shift of anions from the sites of the face-centered
cubic lattice in direction to the nearest tetrahedral ion.
Normal, inverse and mixed spinels are distinguished,
depending on the cation distribution among the avail-
able positions. In the case of a normal distribution in a
binary spinel A[B],0,, the two B cations occupy the
octahedral, while the 4 cations are on tetrahedral sites
in the lattice. In inverse BLAB]O, spinels, both 4 and
B cations are distributed statistically in octahedral
sites, whereas B cations alone are located in
tetrahedral positions. There are aiso intermediate
distributions which can be characterized by speci-
fying the fraction of B ions on tetrahedral sites,
A,_.B.[A.B,_,10,. The thermodynamically stable
cation distribution in binary spinels depends on the
values of the stabilization energy of octahedral and
tetrahedral oxygen coordination for the different
cations.

Several methods for synthesis of binary spinel
products are usually applied:

Figure 3 Idealized spinel structure. The lattice is built by alternating AO, and B,O, units.
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(1) a solid phase reaction between the metal oxides
at high temperatures;

(i) decomposition of mechanical mixtures of trans-
ition metal compounds;

(ii1) coprecipitation of sparingly soluble com-
pounds followed by thermal decomposition.

2. Synthesis of spinel cobaltites
2.1. Synthesis via solid-phase reaction
between oxides
The limitations, associated with all solid phase reac-
tions are valid in this case. The product formation
reduces the area of contact between the reagents. The
diffusion of the initial oxides through the product
layer is a function of temperature, grain boundary
contacts, the concentration of defects, etc. When an
initial mixture of low surface area is used, the reaction
proceeds to a smaller extent. A high surface area
reaction mixture is much more favourable. For that
reason, in many cases continuous grinding between
heat cycles is employed. ,

In the process of spinel cobaltite formation by a
solid-state reaction another restriction appears. The
cobalt spinels, Me,Co;_,0, (0 <x <1, Me = Nj,
Cu, Zn, Mg, etc)) are characterized by a limited tem-
perature interval of stability. At temperatures in the
range 1100-1200 K the spinel structure of cobaltites is
no longer stable and a transformation to a rock salt
structure takes place [39].

M, Co;.,O4spinel) — M_Co;_,O4(spinel) + MO
+(M,Co)O + O,

rock salt (1 )

It has been established by many authors [26-29]
that even at lower temperatures, which depend on the
nature of the divalent cation and the values of x,
cobalt spinels decompose, evolving oxygen, to MeO
and a spinel phase with a higher cobalt content.

M,Co,_,O4(spinel) — MO + M, Co;_,0,(spinel)
+ 0, 2)

The synthesis via solid phase reaction between oxides
presupposes heating at temperatures of about
1000-1273 K, ie. above the critical temperature of
cobaltite stability (623—-873K). That is why some
attempts to synthesize these cobaltites have proved
unsuccessful and in the literature there have been
contradictory opinions on the existence of copper
cobaltite. Bertaut and Delorme [28], and more re-
cently Delorme [29], obtained a mixture of two
phases: CuO and a spinel with a lattice constant
corresponding to Co;0,.

2.2. Synthesis from mechanical mixtures of
transition metal compounds

Spinel synthesis by decomposition of mechanical

mixtures of appropriate metal compounds, such as

sulphates, nitrates, hydroxides, oxalates and carbon-

ates, can be achieved at a lower temperature. The

formation of the spinel structure is preceded by the

decomposition of the chemical compounds or pro-
ceeds, in some cases, simultancously with the
thermolysis.

Depending on the process conditions and the
nature of the cobalt compounds, the products of
their thermal decomposition may be Co,0,, CoO or
metallic Co. Co;0, has a spinel structure that can be
denoted as CoCo,0, (cobalt cobaltite). It is formed
when an excess of oxygen is ensured during the ther-
mal decomposition of CofIl} nitrate [30], oxalate
[2, 31], hydroxide [32, 33] or carbonate [34-36]. The
final product in an inert atmosphere or in vacuo is
Co0O, while CoO and metallic cobalt are obtained
from the oxalate.

Cobaltites of Zn, Ni and Cu were synthesized for
the first time by Holgersson and Karlsson [37] in a
very simple way: by evaporation of Co(IT) and Me (I1)
nitrate solutions with a molar ratio Co/Me = 2 and
calcination of the residue at 1073-1123 K. X-ray ana-
lysis showed a spinel structure of the final compound.
More recently, copper—cobalt spinels were synthes-
ized by decomposition of natural oxide minerals with
the approximate composition CuO-Co,0,-H,O at
473 K. The spinel lattice parameter varied over the
range 8.04-8.11 A [38]. The unsuccessful attempts of
a number of authors to synthesize copper cobaltite
questioned the existence of this compound [28, 29,
39,40]. The studies of Rasines [40] confirmed the
results obtained by Holgersson and Karlsson in 1929.
The binary spinel obtained was, however, not single-
phase. It contained products of the decomposition of
cobaltites at high temperatures. The spinel lattice
parameter as determined from the X-ray patterns was
a = 8.084 A — close to that of Co,0,.

Decomposition of nitrate salts at 623 K leads to the
formation of copper cobaltite with a Cu content close
to the stoichiometric with the formula Cu, 4Co, ;0,
and a lattice parameter a = 8.105 A. Nickel cobaltite
has been synthesized by the same method from
Ni(NO;),-6H,0 and 3Co(OH), 2CoCO, nH,0.
The attempts of many authors to obtain stoichio-
metric copper cobaltite by the decomposition of mech-
anical mixtures of cobalt and copper compounds have
led to no results. The synthesis temperatures used are
lower than the critical temperature of cobaltite stabil-
ity, but they do not suffice to activate bulk diffusion
transport between the decomposition products. An
inhomogeneous spinel phase, ie. a mixture of
Cu,Co; - 0, spinels with different x values have been
obtained instead [45]. On the surface of copper cobal-
tite samples synthesized from nitrates an extremely
high Cu/Co ratio of about two was evaluated by
experiments with. an electron microsonde. From the
electronograms also a Cu,CoQO, phase was identified
in the surface layer [42], which explains the failure in
the synthesis of stoichiometric copper cobaltite.

2.3. Thermal treatment of coprecipitated
products

The most promising methods for the synthesis of

catalysts use thermolysis of suitable precursors, con-

taining all the metal ions in a single phase. They are
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obtained mainly by coprecipitation of sparingly sol-
uble compounds. The precipitation process is usually
carried out by adding portions of the precipitating
agent to a solution of Me(II) salts, taken in a stoichio-
metric ratio. If the solubility of the sparingly soluble
compounds differ considerably, the precipitate is ini-
tially enriched in the component of lower solubility,
whereas the amount of the higher solubility com-
pound increases at the end of the process. After heat-
ing this inhomogeneous precipitate, a mixture of
spinels with different compositions is obtained.

The preparation method may determine the mor-
phology of the final product and the number and type
of crystallographic phases. As low temperatures of
preparation are usually preferred to preserve high
surface areas, in most cases metastable products and
cation distributions are obtained. The precursor
should favour the production of a solid with high
specific surface area, desired stoichiometry and num-
ber of phases, with optional interdispersion of these
phases. In order to be used as precursors in the
synthesis of mixed cobalt spinel oxides with preset
properties, the coprecipitation products should meet
several requirements [43], important among which
are:

(1) phase homogeneity, which should be preserved
during the thermal decomposition;

(i) the ratio Me/Co in the precursor should corres-
pond to the desired stoichiometry of the final product;

(iii) the mixed oxide should be obtained in a form
where the active elements are in optimal states of
oxidation/reduction and dispersion.

2.3.1. Coprecipitated hydroxides as precursors
Binary Me, Co,;_,0O, cobaltites (Me = Ni, Zn, Cu,
Mn, Mg) have been synthesized by thermal treatment
of mixed hydroxide crystals [24, 26] and the catalytic
activity in toluene complete oxidation was studied
[24]. As seen from Table I1, large specific surfaces of
the final products are obtained. Due to the restricted
substitution of the copper ions in cobalt hydroxide,
however, synthesis of a spinel with a maximum copper
content has not succeeded.

2.3.2. The use of oxalates as precursors in the
synthesis of spinel cobaltites

Cobalt(II) oxalate has been used as an initial reagent
in the synthesis of Co;0, spinel [2]. In a reducing or
inert media the thermal dissociation proceeds to a-Co,
B-Co or CoO. The decomposition in oxidation media
is an exothermal process which permits the use of
lower temperatures. Oxidation of Co and CoO to
Co(IIl} is established in this case.

The synthesis of high dispersity cobaltites of Mg,
Ni and Zn from oxalates has been reported [44].
The authors have established that coprecipitated
oxalates dihydrates of composition Me; 33C0g 47
C,0,2H,0 (Me = Ni, Mg, Zn) form continuous
solid solutions. The binary oxalates decomposed at
low temperatures, the process being highly exother-
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TABLE II Specific surface area (in m?g~') of the cobaltites,
obtained from different initial compounds, measured by BET
physisorption [26, 44, 45, 49-52, 57-59]

Synthesis Binary cobaltites of
from
Ni Zn Mn Cu Mg Ca Fe

Nitrate salts 12 9 14 6 25
mixture

Hydroxides 46 71 81 87

Hydroxidenitrates 77 41 53 48

Oxalates 94 82 63

Hydroxide- 95 120 116 95
carbonates

Complex 124 65 24 47 116
compounds

mal. DTA analysis showed that the oxidation
Co(II) — Co(IIl) occurs after dehydration and before
the decomposition. As mentioned already, in an inert
atmosphere or in vacuo a pure spinel product cannot
be obtained from oxalates. A MeO phase and ele-
mentary Co were found as by-products. To reduce the
local overheating during the thermal decomposition, a
thin oxalate layer was deposited on a porous glass frit
and an air flow at a rate of 0.51min~! was passed
through. This also ensures an oxidation medium. As a
result, after heating at 523K for 4 h single phase
spinels were obtained.

Copper cobalt spinels synthesized from oxalates
were studied as catalysts in propene oxidation to
acrolein. In the samples of Cu,Co,_,0,, with
x > 0.72, a CuO phase was present. The cation dis-
tribution for samples of different compositions was
investigated. For x < 0.30 the spinels were normal
and Cu was found only on tetrahedral positions. For
x > 0.30 the spinels were partly inverse. The highest
selectivity in acrolein synthesis was established for the
Cuy ,4,C0, 560, composition [25].

2.3.3. Synthesis of binary cobaltites from
mixed hydroxidenitrate crystals

Mixed hydroxidenitrate crystals with a layered type
structure have proved promising for the synthesis of
binary cobaltites [45]. It is established that they de-
compose in one step at temperatures below the critical
temperature for existence of the spinel phase. The
process is not accompanied by diffusion, but a collapse
of the lattice is observed. By such a mechanism of
oxide phase formation only a negligible part of the
building units migrate short distances, which is ener-
getically more favourable than transfer via solid-phase
diffusion. The process of spinel phase formation is
topotactic. According to Lotgering [47], the solid
products obtained as a result of chemical reaction or
solid-phase transformation proceeding by a topotactic
mechanism have the same (or some equivalent) crys-
tallographic orientations as the crystals of the initial
salts.

In cases where the solubility of the elements of
coprecipitation differ significantly, a reverse copreci-
pitation procedure is recommended [41]. For obtain-
ing the hydroxidenitrates, the sodium base is added to



nitrate solutions of Me(II) and Co(Il) ions. The con-
centration of metal ions forming the lower-solubility
hydroxidenitrate is maintained constant during the
precipitation process and lower than that of the hy-
droxyl ions in the solution. Under these conditions,
Me(IT) and Co(I]) in a constant ratio are coprecipita-
ted at any moment. The conditions suitable for the
process may be determined from the experimental
data on the concentration and temperature range of
formation of the hydroxidenitrates of the different
metal ions. The synthesis of the hydroxidenitrates and
the corresponding spinel phases by this method pro-
ceeds under non-equilibrium conditions [45].

Spinel cobaltites of Ni, Zn and Mg and a metastable
phase of stoichiometric copper cobaltite have been
synthesized from mixed hydroxidenitrate crystals. The
possibility of obtaining zinc cobaltite with variations
in the cationic distribution is also shown, using the
ability of two-layer hydroxidenitrates to exchange
their tetrahedrally coordinated cations from the inter-
mediate layers with the Me(II) of the liquid phase after
coming in contact with aqueous solutions of other
divalent metal salts. Among the hydroxidenitrates
which play the role of precursors, and the spinel oxides
obtained from them, there is a genetic correlation.
Single-phase products are obtained with a Me/Co
molar ratio of 0-0.5, the distribution of ions in the
cationic lattice of the corresponding hydroxidenitrate
being preserved in the spinels, obtained, however, as
metastable phases. The presence of structural defects
is determined by the similarity between the cationic
sublattices in the initial sait and the oxide product.

2.3.4. Synthesis of binary cobaltites from
coprecipitated hydroxidecarbonates

Hydroxidecarbonates are often employed as precur-
sors in the synthesis of binary oxide catalysts. The
reduction of copper cobalt mixed oxides, obtained by
thermal decomposition of coprecipitated hydroxide-
carbonates, led to an active catalyst for hydrogenation
of CO, [48]. Amorphous hydroxidecarbonate pre-
cursors were used in the synthesis of zinc cobaltite
Z1,Co,_,0, and nickel cobaltite Ni,Co; _, O, with x
values in the range 0-1 [49, 50], and copper cobaltite
Cu,Co, O, with x varying in the interval 0-0.9 [51].
Although the products of coprecipitation are X-ray
amorphous, the i.r. spectra of the precursor hydroxide
carbonates characterize them as compounds with
different short-range order from the mechanical mix-
ture of the corresponding hydroxidecarbonates.
Iron—cobalt spinel mixed oxides with 0.33 <
Fe/Co <2 and cationic vacancies on octahedral
sites for samples with high iron content were synthe-
sized from pyroaurite-like hydroxidecarbonates
[Co(II), _ Fe(II)(OH),] [Cos],,, -mH,O [52]. The
thermal decomposition of the precursor occurs at a
temperature below 573K and cobaltites with high
specific surface areas are obtained (Table IT). Mean
particle sizes below 10nm were determined from the
transmission microscope images for these spinels.
These compounds are important for their catalytic

properties: zinic and nickel cobalitites show high activ-
ity in the complete oxidation of hydrocarbons while
copper cobaltite is active in both CO oxidation and
NO reduction [22, 24]. Reduction of the high-dispers-
ity nickel cobaltite yields a very active bimetallic
catalyst for CO and CO, methanation, no carbon
deposition or carbide formation being detected [46].
Zinc cobaltite possesses the highest thermal stability,
followed by nickel cobaltite, with respect to the reac-
tion of phase segregation (Equation 2} [56]. Copper
cobaltite is of considerably lower thermal stability,
compared with other binary cobaltites, Above
623-673 K, copper oxide admixture is present, irres-
pective of the preparation method [45, 56]. Above
1200 K all cobaltites undergo phase transformation to
a rock salt structure according to Reaction 1.

The surface oxygen plays an important role in
oxidation/reduction reactions, where these com-
pounds may be used as catalysts. The temperature
programmed desorption (TPD) of oxygen allows the
different forms of non-stoichiometric oxygen on the
surface to be detected. The TPD spectrum of zinc
cobaltite synthesized from coprecipitated hydroxide-
carbonate shows a broad band of oxygen desorption
in the range 573-673K [49]. Comparison with the
data on copper cobaltite [51] indicates a stronger
bonding of the surface oxygen in ZnCo,0,. For both
compounds the temperature range of oxygen desorp-
tion coincides with the interval within which these
catalysts work [1, 12, 22-24].

By temperature programmed reduction (TPR) with
hydrogen the oxygen forms with different reactivity
can be distinguished. The TPR spectrum of zinc cobal-
tite reveals two peaks with maxima at 598K and
673K and a shoulder at 695K (Fig. 4). They are
attributed to the consecutive stepwise reduction
Co(III) - Co(11), Co(I) » Co and Zn(II) > Zn. The
first two peaks are in agreement with those reported
for spinel Co;0, [74]. For copper cobaltite a single
intensive peak is registered with a maximum at 578 K
and a small shoulder at 423K, the latter possibly
being due to weakly bound surface oxygen (Fig. 4b)
[49, 51]. The ability of easily reducible cations (cop-
per, silver) to promote reduction of cobalt and nickel
oxides at lower temperature is known and is explained
by the high rate of atom or cluster formation, that act
further as centres for the reduction of cobalt oxides
[60]. In the case of nickel cobaltite, with TPR peak
maxima at 530K, 588K and 640K, (Fig. 4c), the
reduction steps follow the sequence Ni(Il) - Nj,
Co(I1I) — Co(II) and Co{Il) ~ Co [50].

2.3.5. Multicomponent spinel cobaltites,
obtained from hydroxidecarbonates

Coprecipitated hydroxidecarbonates have been em-
ployed successfully in the synthesis of various types of
oxide catalysts [49-55, 61-64]. There are a large
number of investigations on hydrotalcite-like phases
as precursors of catalysts for CO hydrogenation, con-
taining Cu, Zn, Co, Ni and Al (or Cr) [65-72], and the
role of the preparation method in modifying the

289



588
640
530
_ 578
a2
=
3
o
k]
C
8
°
3J
e
o
)
]
o
o
(b)
673
695
598
(a)
1 1 1 1 L
873 773 673 573 473
T (K}

Figure 4 TPR profiles of transition metal cobaltites. Heating rate
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acid—base properties of mixed oxides was emphasized
[69-71].

The lattices of pyroaurite and hydrotalcite
type [Me(Il), _ Me(III),(OH),] [CO;],,,  mH,O are
rather “hostile” and allow wide variations in composi-
tion. The kind and ratio of metal cations may be
altered; more than two different cations can be intro-
duced. Since they are statistically distributed among
the octahedral positions of the cationic layers, a final
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oxide product with good interdispersion of the com-
ponents is obtained.

Catalysts for the low temperature methanol syn-
thesis consist generally of a Cu-Zn—Al(Cr) mixed
oxide phase. The addition of cobalt in the ternary
Cu-Zn-Al hydrotalcite-like phases leads to the
formation of a homogeneous highly crystalline pre-
cursor with a lamellar structure. After thermal treat-
ment at 620-670K a spinel mixed oxide with high
specific surface area (150-200 m?g~1!) is produced
[43, 53].

A Cu/Co/Cr(Al, K) catalyst for selective C,-Cyq
alcohol synthesis in a reaction of CO hydrogenation
was obtained by the use of coprecipitated hydroxide-
carbonate precursor. Each step of the preparation
procedure and the influence of the preparation condi-
tions on the final selectivity towards C,—C; alcohols
were examined [53]. The effect of the composition of
the catalyst was also discussed. Small amounts of Co
yield very active and selective catalysts for this reac-
tion, while the Co-rich samples are more effective as
Fischer-Tropsch catalysts [48, 54, 73]. Cobalt mixed
spinels with different compositions, containing Cu, Zn
and Cr [54], have been investigated as catalysts in the
Fisher—Tropsch synthesis of hydrocarbons. Depend-
ing on the relative ratios of Cu, Co, Zn and Cr, quasi-
amorphous or crystalline hydrotalcite-like phases
were obtained after coprecipitation with alkali car-
bonate from nitrate solutions at constant pH. Only in
the samples with highest copper content, greater than
50%, was a malachite phase also present. After calcin-
ation, high-dispersity spinel mixed oxides with surface
areas up to 90 m? g~ ! were obtained. In order to
explain the high catalytic activity of the samples, a
synergic effect between the components was proposed.

2.4. Synthesis of cobaltites by a
mechanochemical treatment
The mechanochemical method of synthesizing spinel
products from the oxide components is relatively new
and not well known. By scanning electron microsonde
and other methods it was established that on the
surface of Cu,Co;_,0, samples obtained by de-
composition of nitrate mixtures the copper/cobalt
ratio is almost twice as high as is its mean value for the
sample [42], i.e. copper ions tend to concentrate
mainly on the surface [42]. Hence, the surface layer of
Co;0, can “accept” definite amounts of copper.
Mechanochemical treatment of a mixture of copper
oxide and Co,0, has led to the formation of copper-
enriched surface layer of Co;0, with a Cu/Co ratio
of 1.

The fact that with the mechanochemical method the
chemical interaction may proceed at room temper-
ature is considered an advantage of this method. It is
assumed that this is achieved as a result of a local
increase in temperature (up to 103 K) and pressure (up
to 108 Pa) in the regions of microcontact of the re-
agents, the mean temperature of the sample remaining
unchanged. In these zones, melting (the so-called
“magma-plasma” effect) may occur, which facilitates
mutual penetration of the oxide components.



The mechanochemical synthesis of copper cobaltite
can be realized by mixing copper oxide and Co,0, in
a 0.2:1 molar ratio and ultrasonic homogenization in
an alcoholic suspension [42]. After drying, the prod-
uct was subjected to mechanochemical treatment in a
friction mill. The completion of the chemical reaction
was judged by the absence of the most intense line of
CuO from the X-ray patterns and the surface layer of
copper cobaltite was examined by high-resolution
electron microscopy (HREM) [75]. It was established
that after heating at 623 K the mechanochemically
obtained product decomposes to the initial phases
(CuO and Co;0,).

Having in mind that copper cobaltite with a high
copper content per formula unit is a metastable
compound, it may be expected that it is mechano-
chemically reactive. After 10 h of grinding bulk copper
cobaltite of composition Cuq ;6Co, ;,0,4 undergoes a
phase segregation reaction of the type in Equation 1.
A sample of lower copper content was chosen to avoid
even minimum admixtures of copper oxide in the
initial compound. Surface species containing Cu™
were also detected in the XPS spectra of the mech-
anochemically treated cobaltite [76].

2.5. The use of complex compounds as
precursors in the synthesis of
fine-particle cobaltites

A new method of low temperature synthesis of co-

baltites is reported in [57-59]. Complex compounds

such as  hydrazine  carboxylate  hydrates,

N,H M, ,;Co,3(N,H;CO0);-H,0 (where M = Mg,

Mn, Fe, Co, Ni or Zn), metal acetate hydrazines

M, ;Co,,5(CH;COO0), (N,H,), (M = Niand Zn) and

Me oxalate hydrazinates (Me = Ni, Mg) have been

investigated as precursors of spinel cobaltites. Copre-

cipitation and crystallization in solution were used for
preparing the precursors. Their thermal dissociation
at temperatures below 523K leads to stoichiometric
cobaltites consisting of fine particles with sizes of

1-40 um and having specific surface areas of

12-115 m? g~ ! (Table II). Using complex compounds

as precursors, the desired stoichiometry and a low

impurity content are attained.

2.6. Synthesis of binary cobaltites on a
support

High-dispersity cobaltites are obtained as fine pow-
dery substances and have no mechanical stability.
Their application as combustion catalysts requires
better mechanical properties. The support should also
stabilize the cobaltite phase on the surface. Alumina
and ceramic materials are commonly used as supports
of transition metal mixed oxides. An important prob-
lem arises with cobalt-containing oxides, because of
their interaction with alumina, leading to the forma-
tion of an inactive cobalt aluminate phase [23, 77]. A
new method for preparation of zinc cobaltite sup-
ported on granulated y-alumina has been proposed by
us [78], so that penetration of cobalt inside the grains
is restricted to a minimum. High-dispersity zinc

cobaltite is prepared by thermal decomposition of
hydroxidecarbonate precursor and deposited on the
support by employing dimethylformamide as a glue.
In that way a stable and active combustion catalyst for
organic substances (tested for acetone, toluene and
styrene vapours) is obtained. The effectiveness of the
catalyst ( > 99.5% conversion to carbon dioxide and
water) is also preserved in a wide concentration range
— up to 3.0 gm ™3 for toluene, 2.5 gm ™ ? for acetone
and 1.5 gm 2 for styrene.

3. Conclusion

On the basis of the present review, comparison of the
different methods of cobaltite synthesis can be made.
The qualities of the cobaltites obtained by these
methods differ significantly. Their main applications
as electrode materials and oxidation catalysts require
high dispersity, homogeneity and lack of impurities in
the spinel products. The solid-phase reaction between
oxides at a high temperature leads to the formation of
non-homogeneous products with a small specific sur-
face area, which means that this reaction is not suit-
able for the synthesis. Besides, in some cases the
temperature of synthesis is higher than the critical
temperature of stability of the cobaltites, as a result of
which additional phases appear. A little better results
are achieved by decomposing mechanical mixtures of
nitrates: the specific surface areas of the cobaltites are
in this case of the order of 10 m? g™ 1.

The mechanochemical synthesis is of definite
interest, but some of the conditions of the reaction are
not vet determined. In addition, the surface product
obtained in this case has proved thermally unstable.
Mechanochemically synthesized copper cobaltite
begins to decompse at 623 K, while most of the cata-
lytic processes are carried out at temperatures near to
623 K.

Cobaltite synthesis from precursors, usually ob-
tained by coprecipitation, deserves special interest.
The compounds appropriate for this synthesis are
oxalates, hydroxysalts, hydroxides, some complex
compounds, etc. For the preparation of a spinel pro-
duct from oxalates, an oxidation medium during the
thermal decomposition is needed. The use of complex
compounds is very promising, but it should be men-
tioned that in some cases (¢.g. NiCo,0,) very low
specific surface areas are obtained. Coprecipitated
hydroxides and basic salts may be used successfully in
the synthesis of binary cobaltites. Among all basic
salts hydroxidecarbonates prove to be the most
perspective, as mixed oxides of high-dispersity are
obtained, evolution of unpleasant or toxic gases is
avoided during the thermal decomposition step and
the desired stoichiometry, homogeneity and lack of
impurities are achieved.
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