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SYNTHESIS OF RUBY FILMS BY ANODIC OXIDATION OF ALUMINUM
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* The Tokyo Metropolitan Industrial Technology Centre, 13-10,
Nishigaoka 3-chome, Kita-ku, Tokyo 115
** College of Science & Technology, Nihon University, Kanda-Surugadai,
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An alpha alumina film incorporated with chromium oxide was prepared
on aluminum by two-step anodic oxidation. Aluminum was anodized in
sulfuric acid and adsorbed chromate ions into the pores of the film.

A chromate ions adsorbed alumina film was reanodized in bisulfate melt.
The film thus prepared has optical properties similar to a ruby synthe-

sized by the Verneuil method.

In view of the fact that anodic oxidation of aluminum is useful for the im-

provement of corrosion resistance, abrasion resistance, hardness and decorative-

. . . . . 1-4
ness, etc. of aluminum surface, studies have been carried out on oxide films, )

gamma >=8) and alphag'lo) alumina films. Tajima and co-workers examined the
mechanism of formation of an alpha alumina film prepared with use of bisulfate
melt. No paper seems to have appeared on alpha alumina films incorporated with
metal oxide prepared by anodic oxidation. This note deals with the preparation
of a reddish violet alpha alumina film incorporated with chromium oxide by anodic
oxidation. The film thus prepared has optical properties similar to those of a
ruby prepared by the Verneuil method.ll)

The ruby film was prepared on an aluminum plate (purity 99.99%) by two-step
anodic oxidation: (a) Aluminum plate was degreased in the usual way and anodized
12)at 25°C in 2.76 mol/dm® sulfuric acid with a direct current density of 100 A/m2.
The consumption of quantity of electricity was 204 X 103 C/m2. Chromate ions were

13,14) 2

adsorbed into the pores of the alumina film by dipping in 6.6 X 10~ mol/dm3

of ammonium chromate at 70°C15) for 30 min. The temperature for the adsorption of
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chromate ion was chosen to be 70°C, since this was found to be suitable for the
adsorption of other dyes. (b) A chromate ions adsorbed alumina film was
reanodized at 170°C and with a direct current density of 100 A/m2 for 10 min in
molten sodium bisulfate-ammonium bisulfate mixture (mol ratio = 1 : 1.15).9)
A ruby film of thickness 10 micron was peeled off from the aluminum substrate by

electrolysis at 25°C in 0.1 mol/dm3 hydrochloric acid with use of a direct current

density of 1000-2000 A/m2 on the cathode, and its optical properties were examined.
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Fig. 1 Absorption spectra of the ruby film and a ruby prepared

by the Verneuil method.

The film obtained shows absorption peaks at 410 and 560 nm similar to those of

1)

a synthetic rubyl (Fig.l).

The fluorescence of the ruby film as well as the synthetic ruby was measured
by means of excited light at 410 nm. The intensity of fluorescence at 680 nm
changes with the chromate ion in the order Na2Cr04 < K2Cr04 < Li2CrO4 < (NH4)2CrO4.
Similar fluorescence was observed for the synthetic ruby (Fig.2).

The red fluorescence intensity of the ruby film increases with increase in
current density in the range 50-800 A/m2 in the first step of anodic oxidation.

A typical result is shown in Fig.3.

The X-ray diffraction pattern of the ruby film indicates that alpha alumina
contains a trace of gamma alumina (Fig.4). The ruby film seems to be formed by
highly local heating caused by scintillation on the anode surface. The surface
of a ruby film formed in bisulfate melt is porous (Photo.l). The ruby film was

heated in an electric furnace attached to a gas-chromatographic apparatus. No
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Fig. 2 Effect of chromate on fluo-
rescence intensity.
Chromate concentration: 6.6x10_2mol/dm3

aq soln.

Thickness: Ruby film 10 um ; synthetic

ruby 0.5 rm.
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Fig. 3 Effect of current density in
the first step of anodic oxidation on
fluorescence intensity. -2 3
Adsorbing conditions: 6.6x10 mol{dm
of ammonium chromate ag soln at 70 C
for 30 min.
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X-ray diffraction pattern of the ruby film.

Photo. 1
Scanning electron micrograph
of the ruby film.
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water was detected in the temperature range 200-950°C. The chromium oxide incor-
porated with the gamma alumina film showed no fluorescence. Thus the ruby film
seems to be transformed into alpha alumina from amorphous alumina via gamma alumina.
Chromium oxide is incorporated into alpha alumina when the gamma alumina film is
transformed into alpha alumina. Coloration of the ruby filﬁ seems to be caused by
trivalent chromium ions replacing trivalent aluminum ions in the alpha alumina
structure. The ruby film which absorbed the light of 410 and 560 nm from daylight

emits deep red fluorescence.
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