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t .Inorganic membranes of alumina have been prepared by anodic oxidation of aluminium. The kinetics of

the growth of alumina layer in phosphoric acid has been studied at four different temperatures, viz., 20,30, 40
and 50.C. The coating ratio, coating thickness, and weight of alumina formed at different time intervals, have
been measured. The effect of formation current on the coating thickness has been elucidated. Separating the
alumina layer from metal by specifically dissolving the later in bromine and methanol mixture, the surface
structures of the oxide layer has been studied by scanning electron microscopy.

When aluminium is oxidised in certain acid alumina formed was assumed to be 2.4 for finding out
electrolytes, like phosphoric acid, a porous oxide the thickness of the film formed3.
develops, which exhibits remarkably uniform array

:.1 of cells, each containing a cylindrical pore of Experimental Procedure

ultrafilter range!. The ability to design porous films of A V-shaped glass tube with a jacket for circulating
pre-determined morphology, makes them practi- water externally was used as a cell for conducting
cally well suited for use as ultrafilter membranes. the experiment (Fig. I). An aluminium piece of
Narrow pore size distribution, high pore density, and I cm x I cm was used as anode with 0.5 cin of the piece

thickness are important attributes of the oxide film immersed in the electrolyte giving rise to an area of
formed. 0.5 cm2 for anodization. A graphite rod was used as

cathode. The two electrodes were connected to a DC
Materials and Methods power supply. Different aluminium piel.:eS of the same

99.999% pure aluminium pieces procured from E size were used for carrying out the experiments at
Merck was used for anodization. A mixture of34.5% different timings. The aluminium pieces were

~ , volume of perchloric acid and 65.5% by volume of electropolished at 20.C employing a current density

acetic anhydride was used for electropolishing. For of I A/dm2 at 20 V.
, the selective removal of oxide, a solution of phospho The pieces were weighed (WI) and anodised in

chromic acid preparared by dissolving 20 g of phosphoric acid at 325 V for 2 min at four different
.chromic anhydride and ,35 mL of phosphoric acid in

I L of water and for the selective removal of metal for
.obtai~in~ the oxide layer, a solution of 2 mL of 1+111 I-I

bromme m 100 mL of dry methanol was used 2. The
amount of aluminium dissolved was determined
spectrophotometrically using alizarin red-S at a max
of 475 nm. the weight of oxide and the thickness of the WATER IN- -WATER OUT
layer formed were determined gravimetrically and

..'- the coating ratio were elucidated. The density of the

tThis paper was presented in the 9th Indian Membrane Society ANOOE -El£CTflOPOlISHED CATHDOE-CARBON ROD
Conference on "Integrated Membrane Processes" held during ALUMINIUM

6-7 February 1992, at IICT, Hyderabad Fig, I-Anodization set-up
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temperatures, 20, 30, 40 and 50.C. Different pieces Results and Discussion ~ ""

were used for each experiment. One side of the piece In order to study the effect of current on the above
not facing the cathode was covered with cellotape to parameters, the current was changed from 150 to
avoid formation of oxide layer on that side. The 500 mA. To correlate the anodizing voltage, with the
aluminium pieces with the oxide coating were pore diameter, the anodization was carried out at
weighed (W2)' The aluminium oxide formed was different voltages of 150,200,250 and 325 V. The
selectively dissovled in phospho chromic acid and the currcnt-timc charactcristics in phosphoric acid was
pieces were re-weighed (W3). From the above weights, plotted for the four different temperature (Fig. 2).
the weight of oxide formed was calculated as
(W2 -W3)' The coating ratio defined as (weight of oxide 80 "

formed)/(weight of aluminium lost) (W2- W3)/(W,-
W3) was calculated in each case3. The oxide layer was .20.C
separated from the metal by bromine in methanol. 0 r .
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Fig. 6-Scanning electron micrographs showing anodized aluminium surface structure anodized in phosphoric acid at different
voltages (a) 100 V, (b) 200 V, (c) 250 V and (d) 325 V

The weight of the oxide formed, the coating
thickness, and the coating ratio are plotted as a
function of time for the four different temperatures
studied (Figs 3-5).

The scanning electron micrographs of the
anodized films formed in phosphoric acid at different
voltages is shown in Fig. 6.

Table I shows the thickness of oxide layer formed
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Table I-Anodization in phosphoric acid at different currents Table 2-Scannin~ electron microscopic studies at ~ ,.
S. Current Conc. of Weight of Coating dlffe~ent voltages
No. mA phosphoric oxide thickness S. Temperature V'oltage Averae pore Pore density

acid, M formed, mg (~m) No. .C V diameter n/m2
nm

I 100 0.0100 2.3 19.16
2 200 0.0277 3.0 25.00 I 30 100 160 2.2 x 1013
3 300 0.0550 4.6 38.33 2 30 200 220 3.6 x 1012
4 400 0.0897 6.3 52.50 3 30 250 230 3.5 x 1012

4 30 325 240 3.5 x 1012

as a function of formation current and Table 2 shows
I th~ average pore dia~eter and pore density of the the pore size distribution is narrow owing to 'r'~'

oxide layer as a function of voltage. the remarkable uniformity in pores formed.
From Fig. 2, it is observed that the current Furthermore, the magnification reveals that the .,

decreases with time as the thickness of the oxide film pores formed are very near to ultra filter range.
increases. Since the oxide is porous, direct attack
occurs at the metal surface at a more or less constant Acknowledgements
rate and so the weight of the oxide formed and the Authors express their thanks to S S Raj, Bharathan
thickness of the film formed increases with time4. Ayenger, Sundarraman, M Vijayalakshmi and R
From Figs 3 and 4, it is clear that the weight of the Muthiah, for valuable suggestions. Authors also
oxide formed ranges between 4-8 mg and the gratefully acknowledge the help rendered by S
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that the coating ratio ranges between 1.8-2.1 for aU
the tem~ratures studied. From Table 1, it is observed References -; --
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formed increase with current since the thickness is Jan, 1989,337.
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