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Electrostatic assisted formation of porous ceramic film
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Porous oxide ceramics are important for a variety of ap-
plications such as thermal insulation, filtration, biomed-
ical, and catalyst substrates. These ceramics may be
classified into four basic structures: tangled fiber net-
works, closed cell structures, open cell structures, and
membranes [1]. The structures of porous ceramics are
controlled by their processing. In some processes, elec-
trostatic field is used to control the formation of porous
materials. Yamamoto and Masuda [2, 3] reported a new
method, Electrostatic formation of ceramic membrane
(EFCM), in which ultrafine particles synthesized by
thermally activated chemical vapor deposition (CVD)
were deposited on a porous ceramic tube by electro-
static force. Chen et al. [4, 5] reported the use of elec-
trostatic spray deposition (ESD) to fabricate various
porous thin films with reticular structure from chemical
precursor solution. Su and Choy [6] used commercial
sol solution to fabricate porous films via EAAD (Elec-
trostatic assisted aerosol-gel deposition) technique. In
this letter, we report a novel method, termed Electro-
static dry deposition (EDD), which will be simpler than
the above methods, to produce porous ceramic film.

In the EDD, well-dispersed fine Al2O3 particles are
carried by ambient gas (N2) into the gap between elec-
trodes. Dispersion is achieved by accelerating particles
within a compressed N2 stream, together with particle
and wall collision. Under the action of an electric field,
dielectric particles become polarized, and at close spac-
ing, form particle chains owing to the dipole–dipole
interactions. A porous layer will be formed due to the
deposition of the chain aggregates.

Al2O3 fine powders are chosen as coating materi-
als, having average particle size 0.5 µm in diameter.
Fig. 1 shows the schematic diagram of the experimen-
tal setup, which includes two parts: powder jet feeder
and coating chamber. The powder jet feeder consists of
a powder container (1) and a nozzle (4). The particles
pass through the nozzle (0.5 mm in diameter) accompa-
nied with a jet of carrier gas (N2), and then impact onto
the back of the substrate holder (6). Dispersed particles
pass through the wall of a stainless steel sieve cylin-
der (5), 2 cm in diameter, 5 cm in length, 400 mesh
in pore size. Then, the particles enter into the coating
chamber in which DC high voltage is imposed. The
electrode configuration is point-plane. The point elec-
trode (8) is a 1 mm wire with hemispherical tip and
the plane electrode (6), which also acts as the substrate

holder, is 5 cm in diameter. Under this configuration,
the onset potential of corona discharge is about 9 kV.
The electrode assembly is sealed in a transparent plas-
tic chamber (11), 10 × 8 × 14 cm in volume. Alumina
substrate (7) (10 × 10 × 3 mm in size) is placed on the
plane electrode.

Fig. 2 shows the SEM micrographs of Al2O3 parti-
cle layers deposited on alumina substrate using differ-
ent particle concentration after sintering. It can be ob-
served that a tangled fiber network composed of particle
chains, a structure peculiar to electrostatic deposition,
covers the substrate. The pore structure is influenced by
the particle concentration. In the same deposition time,
1 min in this experiment, the structure of Fig. 2b is bet-
ter than that of Fig. 2a, which was obtained under the
particle concentrations 100 and 20 g/m3, respectively
while the N2 gas pressure was kept at 1 atm. The de-
position rate of Fig. 2b is about 10 µm/min, which is a
very fast process. In the deposition process, one impor-
tant operation is to control the applied voltage so that
corona discharge does not take place. It is obvious that
charged particles with the same sign repulse each other
and hinder the formation of chain aggregates. To avoid
corona generation, 8 kV, DC potential was imposed on
the point electrode, which is lower than the onset volt-
age (9 kV) of corona discharge. The formation of such
a unique structure can be explained with the physical
model illustrated in Fig. 3. A polarized particle causes
the distortion of the applied field in its vicinity, and
attracts other particles owing to the non-uniform field

Figure 1 Experimental Setup. 1. Powder container, 2. Powder, 3. Vi-
brator, 4. Nozzle (0.5 mm inner diameter), 5. Sieve cylinder (Stainless
steel, 400 mesh in pore size), 6. Substrate holder (Copper), 7. Substrate,
8. High-voltage electrode, 9. DC high voltage power supply, 10. Gas
outlet, 11. Plastic chamber, 12. Flow meter, and 13. Gas regulator.

0022–2461 C© 2004 Kluwer Academic Publishers 4067



Figure 2 SEM micrographs of the particle layers with reticular struc-
tures. The layers were deposited at different particle concentration: (a)
20 g/m3 and (b) 100 g/m3.

produced by the polarized particle [7, 8]. It had been
reported that in electric field the concentration of parti-
cles for chain forming in gas phase should be larger than
50 mg/m3 [9, 10]. The particle concentration used in
this experiment is much higher than this value. Conse-
quently, closely spaced polarized particles attract each
other and align parallel to the imposed electric field
in the form of chain aggregates. Then the aggregates
deposit onto the substrate under the action of the elec-
trostatic force and gravitation force.

The deposition and sintering was carried out sepa-
rately in this experiment. In the sintering process, the
heating rate was 500 ◦C/h, the sintering temperature
1400 ◦C, and the sintering time 2 h. These parameters
were determined in an empirical way by observing the
resultant structure. The particle layer was tightly sin-
tered on the substrate. After sintering, the field-induced
chain aggregates became fiber-like. More importantly

Figure 3 A schematic diagram of the formation and deposition of chain
aggregates. ◦: Represent polarized Al2O3 particle; E: external electric
field.

the structure resulting from the electrostatic deposition
remained.

In summary, the features of the method are: (1) Fine
dielectric particles are prepared from dry powder dis-
persion. This means that many kinds of commercial
powder products can be used directly in this method.
(2) The formation of chain aggregates of fine dielectric
particles can be controlled with electrostatic forces. The
deposition of the chain aggregates onto material surface
will provide a novel and promising option for the fabri-
cation of porous ceramics. (3) Sintering is used to sinter
particles together and increase the mechanical strength
of the formed layer without using any additive.
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