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Abstract The feasibility of obtaining highly dispersed aluminum oxide powders by the electrical explosion of

aluminum conductors in an inert gas atmosphere and the subsequent oxidation of aluminum particles by water

prior to their contact with air is demonstrated. For a specific surface area of the initial aluminum powder of 6.5 m%/

g, the corresponding specific surface area of the resultant aluminum oxide nanopowder was as large as 300 m”/g.
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1. Introduction

Aluminum oxide nanopowders are widely used to
produce inorganic adsorbents, catalysts, ceramics, etc.
One of the methods of producing aluminum oxide
nanopowders (NP) is the electrical explosion of conduc-
tors (EEC) in oxygen-containing atmospheres includ-
ing air, water, and oxygen and argon mixture'?.

A study of the properties of powders produced by
the EEC in gases demonstrates that their phase con-
tents and degrees of dispersion are determined by the
amount of energy deposited into the conductor and by
the partial oxygen pressure in the gaseous mixture’.
The degree of dispersion of nanopowders increases
(the average surface particle diameter a, decreases down
to 0.05 um) as the energy e deposited into the conduc-
tor increases to efe,~1.5, where ¢, is the sublimation
energy of the conductor material. With further increase
n ele,, a, becomes virtually independent of the amount
of the deposited energy (Fig. 1). With increasing gas
pressure, the particle size grows fast (Fig. 2). EEC in
gaseous media can be used to produce nanopowders
with not so high degree of dispersion (with specific
surface areas as large as 40—60 m*/g); moreover, the
energy consumption in the process of their production
also increases.

Coarsely dispersed aluminum powders form alumi-
num hydroxide in the process of relatively slow inter-
action with water”. The scheme of aluminum hydroxide
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transformations on heating is described by the follow-

ing sequence of reactions**:

AIOH), 225 BALO,3H,0 =5 AIOOH 25

gibbsit baeyerite boehmite

+ALO, =55 1:ALO, 755 §ALO,

tetragonal lattice  pseudo-cubic lattice

The interaction of fine powders with water is accompa-
nied by particle self-heating. It was established that
when aluminum NP, produced in a gaseous argon atmo-
sphere and passivated under conditions of slow air intake,
are oxidized in water at temperatures 60— 100°C. The
conditions of forming B-ALO,-3H,0, AIOOH, and
amorphous aluminum oxide are realized on seclf-heat-
ing?. Cooling and passivation of aluminum powders
after their production decrease their activity.

To exclude a number of intermediate operations from
the aluminum oxide production process, it was suggested
to set off an electrical explosion of aluminum conduc-
tors immediately in water”. Unlike gases, liquids are more
dense media, which causes the formation of larger
particles compared to explosions in gases. In addition,
the electrical explosion of aluminum conductors in water
complicates the technological setup in connection with
increased hydrodynamic loads on its parts. Severe prob-
lems arise with high-voltage insulation of the setup.

The present paper studies the feasibility of increas-
ing the degree of dispersion of aluminum oxide pow-
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Fig. 1. Dependence of the average particle diameter on the
energy content of explosive conductors.
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Fig. 2. Dependence of the average diameter of ALO, par-
ticles on the pressure of the gas medium.

ders produced by the explosion of aluminum conductors
above the water surface in an inert gas atmosphere
with subsequent interaction of hot unpassivated alumi-
num NP with water.

2. Materials and Experimental Procedure

Investigations were performed using an electrical
setup comprising a high-voltage power source, a capaci-
tive energy storage device, a reaction chamber, a gas-
supply system, and a controllable spark discharger.
Before the experiment, the reaction chamber was evacu-
ated and then filled with argon. An aluminum conduc-
tor of 0.25 mm in diameter 100 mm long was placed
30 mm above the water surface. An electrical explo-
sion was set off with the deposited energy 0.9 e. The
phase contents of the resultant powders were analyzed
using a DRON-3.0 x-ray diffractometer. The particle
shapes and sizes were observed with a JSM-840 scan-
ning electron microscope. The specific surface area
was measured by the method of low-temperature
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Fig. 3. X-ray diffraction patterns of the electrical explosion
products of aluminum conductors in argon above the water
surface (curve 1). Al’(curve 2) and y-ALO, (curve 3) pat-
terns are given together (from the ASTM data).

argon adsorption (the BET method).

3. Results and Discussion

According to the data of x-ray diffraction analysis,
the end product formed by the electrical expiosion of
the aluminum conductor above the water surface showed
low-temperature modification of y-AlLO, with a con-
taminant of nonreacted aluminum of about 15% (Fig.
3). The particle shapes were close to spherical ones,
and the particle sizes were between 3—5 um and 0.1 um
and smaller. The measured specific surface area of the
aluminum oxide powder samples was S, = 34.8 m?/g.
The average particle diameter calculated for the given
value of S, was 47 nm. After heating of the sample at
800°C, the specific surface area increased to 146.3 m?/
g, which corresponded to an average particle diameter
of 11 nm.

A comparison of powders obtained by the EEC
above the water surface in the protective gas atmo-
sphere and in water with approximately identical
amounts of energy deposited into the conductors dem-
onstrates that the EEC above the water surface leads
to a decrease in the residual aluminum content and
better retaining of spherical particle shapes. At the
same time, the presence of the low-temperature modi-
fication gAl,O; indicates that the temperatures of
interaction of aluminum dispersed by the electrical
explosion with water are almost the same in both
cases (~400°C)". Moreover, the maximum of the parti-
cle size distribution is shifted toward ultradispersed
particles (Fig. 4). Aluminum particles formed during
the electrical explosion above the water surface fall
into water, having no time to coagulate. In fact, indi-



Regulation of the Dispersed Composition of Aluminum Oxide Nanopowders Produced by Electrical Explosion 163

IniAd, %

ol

50 F N\ yd
40
30

20

107 10°% 10°, dm

Fig. 4. Average particle size distribution: 1) the EEC above
the water surface and 2) the EEC in the bulk of water.

vidual powder particles interact with water producing
highly dispersed aluminum oxide and gaseous hydro-
gen. In this case, the concentration of agglomerated
particles decreases significantly and the concentration
of ultradispersed particles with sizes in the range 0.1 —
0.01 um increases.

In the process of production of the aluminum oxide
powder, hydrogen by-product gradually substitutes
argon. This obviates the need for addition of argon
into the reaction chamber; only the hydrogen pressure
should be pertodically decreased in it.

4. Conclusions

1. The electrical explosion of aluminum conductors
in the protective gas medium above the water surface
with the subsequent oxidation of the resultant alumi-
num particles leads to the formation of highly dispersed
aluminum oxide powder with the specific surface area
as large as 300 m?%/g.

2. The process of producing aluminum oxide pow-

der can be combined with that of pure hydrogen.
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