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A new method of fabricating porous alumina using
powder synthesis by chemical solution deposition fol-
lowed by fast laser firing is proposed. Although there
are many reports of alumina films synthesized us-
ing chemical solution deposition [1–6], heat treatment
above 1000 ◦C is needed to crystallize the aluminum
hydroxide gel, which is prepared by the hydrolysis of
aluminum alkoxide precursor, to α-alumina [1]. Laser
firing is an excellent method for rapid heat treatment
at temperatures above 1000 ◦C. Fast laser firing of sol–
gel coating films, such as alumina, silica, titania and
SnO2:Sb, is now established [6–10], but the sintering
of pressed sol–gel derived powder using laser firing has
not yet been reported. A problem with the synthesis of
a sol–gel derived monolithic body is breakage due to
shrinkage of the gel body during the drying process,
and due to weight loss with burnout of organic residues
in the heating process. Here, to prepare a porous alu-
mina disk without breakage, fast laser firing is applied
to crystallize a pressed powder disk, which is a compact
of amorphous alumina powder that has been preheat-
treated at a temperature that prevents weight loss.

Fig. 1 shows the procedure for preparing porous alu-
mina. Amorphous alumina powder is prepared by a
modified sol–gel method using aluminum alkoxide as
a starting material. For each mole of aluminum tri-sec-
butoxide, which is dissolved in ethyl acetate, 2 moles
of acetic acid are added into ethanol and the two are
mixed at around 80 ◦C to prepare a homogeneous pre-
cursor solution. Homogeneous gel powder is prepared
by evaporating the solvent of ethyl acetate and ethanol
at this temperature.

Properties of the gel powder were determined us-
ing differential thermal analysis and thermogravimetry
(TG/DTA 2000, MAC Science Co. Ltd., Tokyo, Japan).
Fig. 2 shows DTA and TG data for the gel powder. Two
broad endothermic peaks are seen at 95 and 210 ◦C, and
a single broad exothermic peak around 420 ◦C, associ-
ated with the weight loss in TG. With DTA, two further
weak exothermic peaks are visible at 878 and 1156 ◦C,
without weight loss. The endothermic peak at 95 ◦C is
due to evaporation of ethyl acetate and ethanol solvent
remained in the gel powder. The endothermic peak at
210 ◦C is due to dehydration. The exothermic peak with
weight loss at 420 ◦C is the result of burnout of organic
residues. Weight loss virtually ceases at around 500 ◦C.
The two exothermic peaks without weight loss are due
to phase transitions of alumina. The peak at 878 ◦C is
tentatively identified as η-alumina to θ -alumina, and

Figure 1 Procedure for preparing porous alumina.

Figure 2 Thermal analyses of gel powder.

the peak at 1156 ◦C as θ -alumina to α-alumina, based
on powder XRD analysis. Amorphous alumina powder
was prepared by heat treatment of the gel powder for
2 h at 500 ◦C in a furnace (10 ◦C/min, in air).
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Figure 3 XRD profile of uniaxially pressed disks fired by CO2 laser
firing with a kaleidoscope at 100–400 W for 30 s (1.5–6.1 kJ/cm2).

Alumina disks were prepared by pressing the amor-
phous powder uniaxially at 10t, followed by firing using
a CO2 laser (ML15S2-6X, Mitsubishi Electric) with a
kaleidoscope, at 100–400 W for 30 s (1.5–6.1 kJ/cm2)
or 200 W for 60 s (6.1 kJ/cm2). The kaleidoscope

Figure 4 (a) Photograph of a α-alumina disk prepared by CO2 laser firing at 200 W for 60 s (6.1 kJ/cm2) and (b) Microstructure of a cross section of
the disk; top (laser irradiated side), middle and bottom.

is used to ensure uniform heat-treatment over all the
area irradiated by the laser.

Crystallization of the alumina disks was examined
by X-ray diffraction (XRD) (Rint 2000, Rigaku, Tokyo,
Japan). Fig. 3 shows the XRD profile of pressed disks
prepared by CO2 laser firing with the kaleidoscope at
100–400 W for 30 s (1.5–6.1 kJ/cm2). The crystalline
phase of the disks is α-alumina. A trace of θ -alumina
remains in disks irradiated at 100 W (1.5 kJ/cm2) and
200 W (3.1 kJ/cm2). These results indicate that CO2
laser firing, even at 100 W (1.5 kJ/cm2), involves heat-
ing to a temperature greater than 1200 ◦C, which is suf-
ficient to crystallize α-alumina.

Fig. 4a is a photograph of a porous α-alumina disk
(diameter: 11.3 mm, thickness: 2.7 mm) prepared by
CO2 laser firing at 200 W for 60 s (6.1 kJ/cm2). The den-
sity of the disk is 2.1 g/cm3, and its porosity is 0.47. The
surface area and the average pore diameter were cal-
culated by the BET (Brunauer-Emmett-Teller) method
using nitrogen gas absorption (Autosorb-1, Yuasa Ion-
ics, Tokyo, Japan). The surface area of the disk is 5.0
m2/g, and the mean pore diameter is about 19 nm. Re-
sults of measurement of the adsorption and desorption
isotherms indicate that the porous alumina has macro-
pores (≥50 nm) with open ends. The small surface area
of 5.0 m2/g is due to the macropores which do not
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contribute to the surface area and the total pore vol-
ume. The small surface area and the nanometer-size
mean pore diameter suggest that alumina nanoparticles
form the disk, which has mesopores (2–50 nm) and
macropores.

The morphology of the alumina disk was observed
by scanning electron microscopy (SEM) (JSM-6300F,
Jeol, Tokyo, Japan). Fig. 4b shows SEM images of the
microstructure of a cross section, from the top of the
disk (laser irradiated side) to the bottom. A surface
layer of the disk approximately 20 µm thick is sin-
tered, and micrometer-size pores are visible under the
densified region. The microstructures of the middle re-
gion and bottom region also indicate that the disk has
micrometer-size pores.

The thermal conductivity was determined by measur-
ing the thermal diffusivity of the alumina disk using the
laser flash method (TC3000H-NC, Shinkuriko, Tokyo,
Japan). The surface of the sample was coated with car-
bon to improve the emissivity. The thermal conductivity
of the disk is 2.17 W/(m·K), which is about 15 times
less than the reported value of sintered α-alumina, of 33
W/(m·K) [11], and is comparable to the value of 6.8–0.7
W/(m·K) reported when the porosity is 0.538–0.894 in
gelcast alumina foams [12].

In conclusion, it has been shown that porous α-
alumina disks can be prepared without breakage.
To achieve this, the disk for the CO2 laser treat-
ment was prepared from an amorphous powder, heat-
treated at 500 ◦C. The combination of powder synthe-
sis by chemical solution deposition followed by CO2
laser firing is therefore a highly promising method
for preparing porous alumina with good thermal
resistance.
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