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Preparation of tubular alumina membrane 
with uniform straight channels by anodic 
oxidation process 
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We prepared alumina tubes by an anodic oxidation process. The tube obtained was 
mechanically tough against a pressure of about 1 MPa from the outside of the tube. The tube 
was characterized by scanning electron microscopy (SEM) and a gas permeability 
measurement. The SEM observations revealed that this has uniform straight channels 
penetrating through the tube wall. The channels are vertical to the tube surface and their 
diameter is about 150 nm. The permeability of gas was measured with H2, He, N2, 02 and CO2 
in the range of 0-100 kPa. The gas flow was mainly governed by Knudsen flow. This 
indicates the absence of big cracks in the tube. 

1. Introduction 
A great deal of attention has been pa id  to gas separ- 
ation systems using a membrane,  because such sys- 
tems do not need a phase change, and hence, the 
efficiency can be very high l-l, 2]. Moreover, if the 
membrane has a catalytic function, it may be possible 
to separate a target product from the reactants simul- 
taneously with the catalytic reaction. The membrane 
can thus be used as a membrane reactor [3-8]. Many 
kinds of membranes are now commercially available 
for various purposes [2, 9]. Polymeric membranes 
and inorganic ones are most frequently used. Only the 
latter can be used under high temperature conditions. 
In order to use the membrane in a practical applica- 
tion, it is necessary to make it as a module. Since 
inorganic membranes are not flexible, tubular mem- 
branes are more desirable than flat ones for fabrica- 
tion into a module. Tubular  alumina membranes are 
the most popular  among the many inorganic ones. In 
general, alumina membranes are prepared by calcin- 
ing a-alumina powder or by coating a thin layer of 
,v-alumina on an a-alumina support  tube. The mem- 
branes prepared in this way usually have different 
pore shapes and a wide distribution in diameter. If the 
pore sizes and shapes are not uniform, it is difficult to 
control gas selectivity in gas separation because gas 
flow mainly depends on pore size and shape. There- 
fore, inorganic tubular membranes with the same 
shape and a uniform pore diameter are desirable for 
a separation material or membrane reactor. Alumina 
membranes prepared by anodic oxidation have uni- 
form straight channels perpendicular to the surface 
with a diameter of 5 200nm. Studies on anodic 
alumina are, however, concerned only with flat 
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alumina films [10, 11]. In this study, we attempted to 
prepare tubular alumina membranes by the anodic 
oxidation technique and their channel structure was 
investigated by scanning electron microscopy (SEM). 
We also examined its gas permeability performance. 

2. Experimental details 
Aluminium tube (99.5% purity), with length of 50 mm, 
outer diameter of 2 mm and wall thickness of 0.2 mm, 
was used as a starting material. The tube was annealed 
for 2 h at 500~ under air flow in order to reduce 
possible strain in the tube. Then, this tube was de- 
greased with acetone and washed in distilled water. 
Fig. 1 shows the apparatus for anodic oxidation of the 
aluminium tube. One of the open ends of the alumina 
tube was closed by a silicon rubber cap in order to 
prevent the inside of the tube contacting with electro- 
lyte solution. Thus, only the outer surface of the tube is 
anodically oxidized. The tube was set as the anode in 
a 4 wt % aqueous H 2 C 2 0 4  electrolyte. An aluminium 
tube with a diameter of 30 mm was set as the cathode 
around the anode. The cell current was controlled by 
a d.c. power supply. The current density was held 
constant at 20 mA cm 2 for 2 h at room temperature. 
During this period, the voltage changed from 50 to 
90 V. Then, the voltage was maintained at 90 V for 
30 h. After the anodic oxidation, the cap was removed 
and the tube was rinsed in distilled water. 10 wt % 
aqueous HC1 was passed through the inside of the 
tube for 1.5 h in order to etch any unoxidized alumi- 
nium. Then, a barrier layer, which consists of the 
boundary between an oxide layer and unreacted 
aluminium, was etched similarly by passing 4 wt % 
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aqueous H3PO,, through the tube for 2 h. After these 
etchings, the tube was washed with distilled water and 
dried in air. In this procedure, there are two important 
points to be mentioned. One is the use of aqueous 
H2C204 as the electrolyte. Other acids such as aque- 
ous HzSO4 etch not only the aluminium metal but 
also the produced oxide more quickly and thus the 
tube becomes more brittle during the oxidation pro- 
cess. The other important point is the control of the 
current density and voltage during the oxidation. In 
general, anode dissolution occurs under a high volt- 
age. In our case, the alumina tube prepared above 
90 V was mechanically weak due to anode dissolution. 
Therefore, after arriving at 90 V, the voltage was kept 
at 90 V to prevent the anode from dissolving under 
higher voltage. 

Figure 1 Apparatus for anodic oxidation of aluminium tube. Key: 
(1) aluminium tube (anode); (2) aluminium tube (cathode); 
(3) electrolyte; (4) silicon rubber cap. 

3. Resul ts  
The resultant alumina tube was observed by SEM. 
Fig. 2a and b show the SEM microphotographs of the 
cross-section of the tube wall near the outer and inner 
surfaces, respectively. The outer surface is uneven and 
the cross-section of the tube wall is rough up to about 
10 gm in depth from the outer surface. It is thought 
that aqueous HzC204 etched some of the aluminium 
oxide layer which had been prepared by the oxidation 
process. Conversely the cross-section of tube wall 
near the inner surface is more smooth than the outer 
surface, since the inner surface does not come into 
contact with the aqueous H2C20~. Fig. 2c shows the 
higher magnification SEM microphotograph of the 

Figure2 SEM photographs of the alumina 
tube. (a) The cross-section of the tube wall 
near the outer surface; (b) the cross-section of 
the tube wall near the inner surface; (c) the 
middle part of the cross-section; (d) the outer 
surface of the tube; and (e) the inner surface of 
the tube. 
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Figure 3 Pressure dependence of gas flux at 303 K. 0, H2; i% He; �9  
N2; �9 O2; A, CO 2, AP stands for the pressure difference between 
the outside and inside of the alumina tube. 

cross-section of the tube wall. The channels penetrate 
through the tube wall vertically to the tube surface 
and they are approximately straight. The channel dia- 
meter is about  150 nm. Fig. 2d shows the SEM micro- 
photographs of the outer surface of the tube. The 
surface is rather rough. Compared to the outer sur- 
face, channel mouths were more uniformly distributed 
on the inner surface (Fig. 2e). The diameter of channel 
mouths at the outer surface is somewhat larger than 
those at the inner surface, since the outer channel 
mouths are etched by aqueous H 2 C 2 0  4. 

Gas permeation experiments were carried out as 
follows using H2, He, N2, Oz and COg. One end of 
the tube was sealed with epoxy resin and the other 
remained open. The alumina tube was set in a stainless 
steel tube with an inner diameter of 8 mm: the space 
between the stainless steel tube and the alumina tube 
edge with the open end was sealed with epoxy resin. 
The gas flowed from outside to inside of the alumina 
tube. The flux of gas was measured at 303 K. Fig. 3 
shows pressure dependence of flux for each gas at 
303 K. The ordinate is the flux multiplied by (MT)  ~ 
where M and T are molecular weight and temper- 
ature, respectively. The normalized fluxes are approx- 
imately proport ional  to the pressure difference 
between the outside and inside of the tube. Moreover, 
the slopes are almost the same for all the gases exam- 
ined. This indicates that the permeation is mainly 

governed by Knudsen flow El, 12]. This also indicates 
that there are no big cracks in the tube. However, 
these lines do not go through the origin completely. 
Moreover, a small difference in the gas flows appeared 
as the pressure difference increased. It seems that 
other flows such as viscous flow are also contained 
partially in the total gas flow. For practical purposes, 
it is necessary that the tube can endure a high pressure 
difference. No leaks were observed even at a pressure 
difference of about  1 MPa. From the results 
mentioned above, it can be judged that this tubular 
alumina membrane can be applied to gas separation 
or as a membrane reactor. 

4. C o n c l u s i o n  
in conclusion, we succeeded in preparing a tubular 
alumina membrane by the anodic oxidation process. 
The tube obtained has uniform straight channels 
penetrating vertically to the tube surface with a dia- 
meter of about  150 nm. It was found that the gas flow 
is governed by Knudsen flow. The alumina tube can 
be expected to be used as a gas separation membrane 
or a membrane reactor. However, since the pore dia- 
meter is rather large, the alumina tubular membranes 
may be more suitable for ultrafiltration rather than for 
gaseous separations. Controlling the pore size is im- 
portant  for several applications and is currently being 
studied. 
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