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Abstract⎯Samples of a woven mesh of metal wire (fechral) with supported aluminum hydroxide compounds
are studied. Aluminum hydroxide is formed in its bayerite modification. Aluminum oxides are produced
during calcination: η-Al2O3 at 600°C, and θ-Al2O3 at 900°C. Subsequent modification with silicon, cerium,
lanthanum, tungsten, and calcination at the same temperature results in the formation of their oxides. Inter-
action between alumina and tungsten at 600°C, and alumina and lanthanum at 900°C, are observed.
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INTRODUCTION
Alumina has all the qualities of an effective carrier,

which is why it is used to obtain more complex carriers
for catalyst synthesis [1–4]. In this work, aluminum
hydroxide compounds were deposited on a mesh
made of metal wire and modified with silicon, cerium,
lanthanum, and tungsten in order to produce a catalyst
for the oxidation of hydrocarbons. The aim of this
work was to study the phase composition of the com-
pounds that formed on the surface of the wire.

EXPERIMENTAL
Two series of samples were examined. In the first,

the wires were covered with aluminum hydroxide, and
next with the appropriate precursors containing mod-
ifier elements. The samples were then calcined at
600°C. In the second series, wire samples coated with
aluminum hydroxide were preliminarily calcined at
600°C before applying the precursor. These samples
were also calcined at 900°C. The samples that con-
tained tungsten were destroyed at this temperature.

Our woven mesh of Kh23Yu5T grade fechral wire
of (ZAO Soyuznikhrom) was mainly composed of
metallic iron, chromium, aluminum, and (in descend-
ing order) silicon, manganese, titanium, nickel, car-
bon, phosphorus, and sulfur. There are works on the
depositing aluminum oxide on FeCrAl alloy using the
sol–gel technique [5–9]. In this work, we used the
Bayer process [1], adapted for the crystallization of
aluminum hydroxide on the surface of a metal mesh,
for deposition. Modifiers were deposited via incipient
wetness impregnation. Sodium silicate was used for
modification with silicon; with cerium and lantha-

num, corresponding nitrates were used; and ammo-
nium metatungstate was used with tungsten.

Diffraction patterns were obtained using copper
radiation CuKα (λ = 1.5418 Å). Measurements were
made with a Thermo techno ARL X’TRA instrument.
The diffraction patterns were scanned in the angular
range of 10°–75° (for 2θ), with increments of 0.1° and
dwelling times of 10 seconds. The theoretical diffrac-
tion patterns were taken from the PDF [10] and ICSD
[11] data bases. The specific surfaces of the samples
were measured via nitrogen adsorption at 77 K using
an ASAP-2400 device (Micrometrics, United States).

The amount of the component applied to the grid
was determined from the change in the weight of the
sample before and after application. The amount of
aluminum oxide was 5.7 wt % of the grid weight; the
amount of the modifying component (calculated with
respect to its oxide) was 3 wt % of the alumina weight
for the cerium and lanthanum oxides, and 5 wt % for
the silicon and tungsten oxides.

Diffraction peaks belonging to an alloy of iron and
chromium were observed in the diffraction pattern of
the initial metal meshes (Fig. 1a). These metals have
the same structural type of unit cell and the same sym-
metry space group, and they are the main components
of the wire. The sample contained α-Al2O3 phase with
increased unit cell parameters, indicating the dissolu-
tion of some iron and chromium ions in it. There are
also peaks that belong to a solid solution of iron and
chromium oxides. These oxides are often mixed
because their crystallographic parameters are similar.

When aluminum hydroxide was applied to the wire,
its phase formed as bayerite, the usual product of the
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Bayer process (Fig. 1b). In addition, peaks that belong
to the phase of the iron–chromium alloy and the solid
solution of their oxides were observed. The α-Al2O3
phase and the hydroxide phase in boehmite form were
not found in the sample. The α-Al2O3 phase initially
observed on the surface of the initial wire was evidently
part of the structure of the solid solution based on iron
and chromium oxides. It could also have been
screened by a layer of aluminum hydroxide.

After calcination at 600°C, aluminum hydroxide
assumes the metastable form of η-Al2O3 oxide
(Fig. 1c), as in [12, 13]. It has the 2 : 3 ratio of the
heights of the 3.1.1 and 2.2.2 peaks that is characteris-
tic of this oxide. The cell parameters of the oxide
(Table 1) also agree with the data bases on η-Al2O3.

The diffractograms of the samples modified by sil-
icon contained the wide peak at 28.7° (2θ) that corre-
sponds to amorphous silicon oxide. The samples
modified with cerium contained the CeO2 phase. The
size of the coherent scattering region (CSR) of the
cerium oxide applied to the alumina is D111 = 45 Å.
When applied to aluminum hydroxide, we observe a
bimodal particle size distribution, as is apparent from
the shape of the diffraction peak; the sizes of the CSRs
of CeO2 are D111 = 25 Å and 105 Å. The broad peak at
29° (2θ) in the diffractograms of the samples modified
with lanthanum could be due to the most intense
peaks of lanthanum oxide La2O3. The peaks of WO3
and a peak at 28.7° (2θ), which can be attributed to the
mixed oxide AlWO4, are seen in the diffraction pat-
terns of samples containing tungsten. The formation
of such compounds is possible because ionic radii of
W3+ and Al3+ are similar: 0.65 and 0.57 Å, respectively
[14]. The sizes of the CSRs of oxides of silicon, lantha-
num, and tungsten aluminate are less than 20 Å. These
samples contain η-Al2O3, iron–chromium alloy, and
traces of a solid solution of iron and chromium oxides.

The CSR sizes and the carrier unit cell parameters
were analyzed next (Table 1). The unit cell parameter
grew during modification for all of our samples, indi-
cating interaction between the respective ions and the
carrier and the distribution of ions with ionic radii
larger than that of aluminum throughout the alumina
structure. The CSRs of the modifier compounds for
the series of samples in which the modifier was applied
to aluminum hydroxide are smaller than for the series
of samples with alumina, and the specific surface area
is larger.

θ-Al2O3 with a CSR of about 90 Å is formed during
the calcining of low temperature oxide η-Al2O3 at
900°C (Fig. 1d). This modification of alumina is gen-
erally formed via the thermal decomposition of
bayerite in the temperature range of ~850–1200°C
[12, 13]. In addition, peaks that belong to iron–chro-
mium alloy and a mixed oxide of iron and chromium
are observed in the diffraction pattern. The phase
composition of the modifiers in the samples that con-

tain oxides of silicon and cerium does not change
during calcining at such temperatures. The amount of
silicon oxide is reduced during calcination. The CSRs

Fig. 1. Experimental diffraction patterns of (a) the initial
metal mesh, (b) the mesh covered with aluminia hydrox-
ide, (c) the mesh covered with aluminia hydroxide and cal-
cined at 600°C, and (d) the mesh covered with aluminia
hydroxide and calcined at 900°C, compared to peak dia-
grams of (1) iron–chromium alloy, (2) iron–chromium
mixed oxide, (3) α-Al2O3, (4) bayerite, (5) η-Al2O3, and
(6) θ-Al2O3.
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of cerium oxide applied to aluminum hydroxide grow
to D111 = 195 Å; when applied to the oxide, to D111 =

160 Å. Lanthanum aluminate peaks appear in the
samples that contained lanthanum oxide. In addition
to these, the broad peak of lanthanum oxide is seen in
the diffraction pattern of the sample with aluminum
hydroxide.

The sizes of the CSR of alumina and the specific
surface area during calcination of the samples at
900°C were analyzed (Table 2). Adding the modifier
reduces the CSR of oxide; i.e., the surface area of the
carrier should grow. The samples in which modifier
was applied to aluminum hydroxide have larger spe-
cific surfaces. The specific surface area is reduced
considerably if silicon is applied to aluminum oxide.

CONCLUSIONS

We studied the phase composition of catalysts at all
stages of their preparation for hydrocarbon oxidation.
The difference between the phase compositions after
introducing modifiers into aluminum hydroxide (in

the first series of the samples) and aluminum oxide (in
the second series) was shown. When modification of
alumina with silica, cerium, lanthanum, and tungsten
ions, oxides or compounds of them with aluminum
oxide formed on its surface. During calcining at
600°C, aluminate formed only with tungsten; during
calcining at 900°C, lanthanum aluminate was formed.
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