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The possibility of treating surfaces of aluminum and 
aluminum alloys so that these are made photo-sensitive 
for picture-making purposes has been known for some 
time. In the known procedure, an aluminum base is first 
prepared with an adherent porous oxidized surface, and 
then this porous surface is treated chemically to produce 
a light-sensitive medium in which the light-sensitive salts 
are bound by the porous surface. The images are then 
obtained as by conventional practice with other light 
sensitized surfaces. Thus, in U. S. Patent No. 2,115,339 
an aluminum plate is subjected to oxidation, such as by 
anodic oxidation in an electrolytic cell, using for instance 
a 7 percent sulphuric acid electrolyte and a current of 
0.01 to 0.4 amp. per square inch for about 30 minutes, 
while maintaining the temperature at 20-30 C. Then, 
a silver halide salt, such a silver chloride, silver bromide 
or silver iodide or mixtures, is deposited as an adsorbed 
salt in the oxide coating by a double decomposition reac 
tion, or as a photographic gelatin or wet plate emulsion 
on the surface of the oxide coating. Unfortunately, in 
such known practice, the prepared sensitized surface is 
not durable or storageable, but must be used on the old 
wet plate schedule. Sensitized aluminum surfaces offer 
advantages for certain usages for photographic results if 
the fundamental handicap of proclivity to fog, and in 
general lack of storageability were obviated. Unless 
plates made according to the old practice were exposed 
and developed within a short time in minutes, fogging 
cccurs completely even though the plate were kept in 
the dark without exposure to light or developing chemi 
cals. Also, such plates are not amenable to the standard 
range of photographic developers for the reason that 
chemical fog occurs so rapidly as to obscure the image. 
Such plates accordingly have had very limited possibili 
ies because of their lack of stability. By the present 
invention, it now becomes possible to prepare sensitized 
surfaces on aluminum, capable of storageability and ex 
posing at convenient times and developing as with other 
surfaces. Other objects and advantages of the invention 
will appear from the following description. 
To the accomplishment of the foregoing and related 

ends, said invention then comprises the features herein 
after fully described and particularly pointed out in the 
claims, the following description setting forth in detail 
certain illustrative embodiments of the invention, these 
being indicative, however, of but a few of the various 
ways in which the principle of the invention may be 
employed. The several stages of the practice of the in 
vention are illustrated in the drawing in which 

Fig. 1 shows the condition of the surface of the alumi 
num base material after anodic oxidation; 

Fig. 2 shows the impregnation of the oxidized surface 
of the aluminum base with an aqueous solution of a 
silver salt containing a diffusion-controlling material; and 

Fig. 3 shows the silver halide formed in situ in the 
oxidized surface of the aluminum base after subsequent 
treatment with an aqueous solution of an alkali metal 
halide. 
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We have found that in the heretofore known practice, 

the oxidizing procedure has not provided an oxide coating 
which is sufficiently tight and complete, as well as adsor 
bent, to prevent side-reaction between the light-sensitive 
agent and aluminum at the bottom of the pores in the 
oxide coating. Oxidation of aluminum has heretofore 
been directed to meeting an anti-corrosion requirement, 
and in this an average result in an oxidized coating is suf 
ficiently satisfactory. However, for an oxidized coat 
ing to meet the requirements of a storageable light-sensi 
tized aluminum surface, much more than this is neces 
sary. In our process, a tightly adherent and highly ad 
sorbent oxide coating is formed, without the minute ex 
posed aluminum areas at the base of the pores as hereto 
fore. And in the further course of providing the light 
sensitive silver agent we apply a diffusion-barrier which 
prevents any possible diffusing away of water-soluble 
silver salt. Such coatings are not only hard, adherent 
and effectively sealing against the aluminum, but are 
highly adsorbent for light-sensitizing salts in solution. 

For the initial oxidizing of the aluminum surface, we 
may apply anodic oxidation in an electrolytic cell, or treat 
with an oxidizing agent in solution, or treat with fused 
salts. Thus, for instance the aluminum may be anodized 
in an electrolyte of a mixture of oxalic acid and oxalates 
of alkali metals, at a pH of 1 to 5, current density 0.5 
to 5 amp. per square decimeter, and temperature 40 to 
75 C. Direct current is preferred, but alternating cur 
rent may be used. Coatings made in this way are hard, 
adherent, but are highly adsorbent for soaking up the 
liquids and salts in solution. Or, the aluminum surface 
may be oxidized by treating with a solution of an effective 
oxidizing agent, such as alkali metal dichromates, chro 
mates, ferricyanides, etc. After the aluminum surface 
has been initially oxidized, it is in any case next by our 
process subjected to treatment which is of a further oxidiz 
ing nature penetrating to and modifying the aluminum 
Surface to a depth of several molecules thickness so that 
it is then impossible for any microscopic areas of metallic 
aluminum to be exposed at the base of the pores. This 
treatment involves an energetic oxidizing agent, such as 
Solutions of salts containing oxygen and a polyvalent 
metal in the acid radical, as ferricyanides, dichromates, 
or chromates of alkali metals, in concentrations of 0.01 
to 10 percent. After washing and drying, the prepared 
oxidized aluminum Surface is dipped into a solution con 
taining a water-soluble salt of silver, and the final light 
sensitive agent is formed within the body of the coating 
and not on the surface. On this basis, the image-produc 
ing agent is locked in place and cannot be rubbed off by 
abrasion of the surface. In double decomposition reac 
tion for formation of the silver halide in the oxidized 
coating, we include a diffusion-barrier which controls 
the diffusion rate of the water soluble salts. If this is 
not provided, it is found that when the plate is first 
immersed in a solution of silver nitrate and then subse 
quently immersed in alkali halide, the silver nitrate 
initially introduced diffuses so rapidly that the greater 
part of the silver halide is formed in coarse crystals on 
the outermost surface of the porous oxide film. But by 
providing the diffusion-barrier, the diffusion of the solu 
ble salt or silver nitrate is controlled so that the subse 
quent alkali halide in solution reacts by double decom 
position to form the insoluble halide in distribution 
through the oxide coating rather than at the surface. 
Maximum effectiveness of the silver halide is thus ob 
tained, and the fact that the silver halide is below the 
surface enables the image to be protected by heat-sealing 
technique ultimately. As afore-stated, contact and re 
action of the silver halide with metallic aluminum is pre 
vented so that it is impossible for the silver halide to re 
act with metallic aluminum. The diffusion-barrier is a 
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very dilute solution of a hydrocolloid, such as polyvinyl 
alcohol, methyl cellulose, gum arabic, purified gelatin, 
etc., in concentration less than 2 percent, and preferably 
in the range of 0.1 to 0.5 percent. It is particularly 
noticed here that this is altogether in contrast to any 
applying of a coating of gelatin silver halide emulsion. 
We are not applying a coating, nor any halide of silver 
emulsion. And whereas gelatin in standard photographic 
emulsion practice is employed in high concentration, as a 
requisite for coating, in our practice here the colloid 
function and dilute solution is what is involved. Where 
desired, after the aluminum surface has been oxidized to 
a suitable coating as mentioned, it is then dipped in a 
solution containing a water soluble silver salt, a minute 
amount of a hydrocolloid and also a small amount of 
an oxidizing agent. The plate is allowed to soak for a 
few minutes in such solution and is then dried. It is 
then dipped in a solution of an alkali halide which con 
tains a small amount of an oxidizing agent. The alkali 
halides may be chlorides, bromides or iodides. A pre 
ferred procedure is to apply silver nitrate in solution, then 
an alkali chloride, and after silver chloride has been 
formed in the oxide coating, immerse the plate in an alkali 
bromide solution, or alkali iodide, or combinations of 
bromides and iodides. The soluble silver salt content of 
the first treating solution is high, on the order of 30 to 50 
percent silver nitrate. An oxidizing agent used in com 
bination with the soluble silver salt solution is very small, 
on the order of 0.01 to 0.03 percent of alkali metal ferri 
cyanides, dichromates or chromates. After the plate is 
treated with a silver-containing solution together with a 
hydrocolloid diffusion-barrier and the oxidizing agent, the 
plate is allowed to dry without washing. By a modifi 
cation, instead of adding the oxidizing agent as water 
soluble alkali ferricyanides or chromates, the silver ni 
trate solution may be saturated with the silver salts of 
these oxidizing agents such as silver ferricyanide or silver 
chromate. In a further modification, the aluminum sur 
face after being electrolytically anodized is then treated 
with a dilute solution of a strong oxidizing agent, such as 
chromic acid 1 to 10 percent, at an elevated temperature, 
e.g., 60 to 70° C. Then after washing and drying, the 
plate is subjected to sensitizing solutions as just described. 

For the conversion of the soluble silver salt, e. g., 
nitrate, to halide, the potassium halides, bromide, chlo 
ride or iodide, are normally preferred, but the other alkali 
halides can be used. The alkali halides are in relatively 
strong solution, e. g., 5 to 25 percent, and the solution 
may also contain a minor amount of the same oxidizing 
agent as used in the first bath, and again such oxidizing 
agent is the alkali ferricyanide or dichromate. After the 
silver halide is formed in the coating of the aluminum, the 
plate is thoroughly washed in running water, dried, and 
stored in a light-tight container until ready for its photo 
graphic use. Such plate may be stored for even periods 
of years. 

It goes without saying that all operations involving the 
deposition of the light-sensitive silver halide are carried 
out in a darkroom. In a useful modification, the deposi 
tion of silver chloride is preferred. And this is treated 
with solutions of alkali bromides or iodides or combina 
tions of both. In some instances, it is useful to add a 
trace of silver nitrate to these halide or ripening solu 
tions. This secondary ripening treatment particularly 
in the presence of a trace of silver nitrate further insures 
elimination of any fogging tendency. Again, after a 
silver halide is deposited, the plate may be treated with 
a solution of a mixture of alkali metal ferricyanide, bro 
mide and dichromate. This is a dilute solution contain 
ing approximately 1 percent each of potassium ferricy 
anide and bromide and approximately 0.2 percent of the 
dichromate. 
The photographic plate thus obtained is exposed, de 

veloped and fixed in accordance with standard photo 
graphic practice. The image may be toned in the usual 
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4. 
solutions containing gold, selenium, and the like to de 
velop special effects. A final operation which is usually 
advisable, is to seal the surface so that it is permanently 
resistant to abrasion and scratching. This consists in 
immersing the plate in a boiling solution of salts such 
as sodium sulphate, sodium acetate, and the like, for 10 
to 20 minutes. Where desired, the surface may be 
water-proofed also, by silicones, soap, and the like. 
Photographic plates made in accordance with the present 
process have excellent half-tone quality and an unusual 
degree of resolution. The photographic density is ample 
for duplication purposes and presents an article of perma 
nence from a picture standpoint that is unique, both as to 
age possibility, wear, and temperature-resistance. 

In all of the following examples which illustrate the 
process, a porous coating was first formed on an alumi 
num or aluminum alloy surface by electrolytic oxidation, 
preferably D. C. in which the bath consisted of a mixture 
of alkali oxalates and oxalic acid at a pH between 1.0 
and 5. The anodization was carried out at temperatures 
between 40 and 70° C. at current density 0.5 to 5 amp. 
per square decimeter. Under these conditions, after 
anodization for /2 to 1 hour, the highly porous film 
having a thickness between 0.0005 and 0.0015 in. was 
formed. If A. C. was used, a film thickness of 0.0002 
to 0.0005 in. was obtained. Both techniques are useful. 
After the anodization, the plate was thoroughly washed 
in running water, then in a dilute solution of sodium 
hydroxide, 1 to 2 percent, and finally in running water, 
and then was dried at a temperature 80° C. or below. 

Example I-A sheet of aluminum anodized as above is 
dipped for a few seconds into a 5% solution of chromic 
acid at 60° C. After washing and drying, all subsequent 
operations with the plate are carried out in the darkroom. 
In the darkroom, 30 grams of silver nitrate are dissolved 
in 100 ccs. of distilled water. In addition, 0.5 gram of 
USP gelatin of photographic grade and 0.02 gram of po 
tassium dichromate are also added to the solution and 
stirred until solution is complete. The dry anodized plate 
is soaked in this solution, allowed to drain, and excess 
solution wiped from the surface with a cotton swab. The 
plate is air dried and is then soaked for 1 minute in a 
solution consisting of 5 grams of potassium bromide and 
5 grams of potassium dichromate in 100 ccs. of water. 
Any surface coating of silver bromide which might form 
in this treatment on the surface is wiped away while the 
plate is immersed in running water. The thoroughly 
washed plate is then oven dried at 50° C. and stored 
in the dark until use. Photographic exposure and de 
velopment are those commonly known in the art. 

Example 2-A plate is treated with the silver nitrate 
gelatin-dichromate mixture exactly as described in Ex 
ample 1. It is then soaked for 10 seconds in a saturated 
solution of sodium chloride containing 5% potassium di 
chromate. After thorough washing, the plate is placed 
in a bath containing 12% grams of potassium ferricyanide, 
10 grams of potassium bromide and 2 grams of sodium 
dichromate, all dissolved in a liter of solution. It is 
retained in this bath for one minute. After rinsing in 
running water, the wet plate is then immersed in a 1% 
solution of potassium bromide for one minute. It is 
then washed vigorously, dried, and stored in the dark 
until use. 

Example 3.-Same as Example 2 except that the ripen 
ing solution consists of a mixture of 0.5% potassium 
bromide and 0.5% potassium iodide. 

Example 4-A suitable range of reagents for the silver 
nitrate steps are 0.1 to 2.0 grams of gelatin, 0.01 to 0.05 
gram of potassium dichromate and 30 to 50 grams of 
silver nitrate per 100 ccs. of solution. The amount of 
oxidizing agent in the alkali halide bath may vary from 
1 to 5% and the concentration of the alkali halide may 
vary from 10% up to saturation which is usually of the 
order of 40 to 50% if the bromides or iodides are in 
volved. 
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Example 5-The same procedure as described in Ex 
ample 2 is followed except that the 1% potassium bro 
mide bath used for ripening contains a trace of silver 
nitrate. 

Example 6.-The same procedure as in Example 1 is 
followed except that the potassium bromide, potassium 
dichromate bath contains a trace of silver nitrate. 
Example 7-The same procedure as above is followed 

except that the silver nitrate bath consists of the listed 
amounts of gelatin and silver nitrate. The oxidizing 
agent is afforded through the use of silver chromate with 
which the silver nitrate is saturated. The concentration 
of silver chromate is of the order of 0.01%. 

In similar manner, instead of a dilute solution of gela 
tin mentioned, others of the hydrocolloids may be em ployed. 
By the present procedure, the pinpoints of exposed 

aluminum at the base of anodized coats, due it is gen 
erally supposed to minute initial gas bubbles, are closed 
over; and in addition migration of silver salt ions of 
light sensitizer through to the aluminum under the oxide 
coat is colloidally barred. Reaction between light-sensi 
tizer and aluminum is thus prevented. And as in the 
art of photography with glass plates the advent of the 
dry-plate process brought a long step advance in escape 
from the limitation of the immediate-use wet plate, here 
also aluminum is now freed from its initial limitation, 
and a dry non-fogging long-storageable product is had. 

Other modes of applying the principle of the invention 
may be employed, change being made as regards the 
details described, provided the features stated in any of 
the following claims or the equivalent of such be em ployed. 
We therefore particularly point out and distinctly claim 

as our invention: 
1. The method of producing an aluminum base photo 

graphic plate capable of being stored in darkness with 
out fogging of its photosensitive element and further ca 
pable of being developed by conventional photographic 
procedure, said method comprising impregnating the pores 
of an anodically oxidized surface of a metallic aluminum 
base element with an aqueous solution of a silver salt 
further containing a minor amount but between at least 
about 0.1% and about 2% by weight of an organic 
hydrocolloid, so as to uniformly distribute said aqueous 
solution throughout the pores of the oxide coating, bring 
ing the thus-impregnated oxidized surface of the base 
element into contact with an aqueous solution of an 
alkali metal halide with the resulting formation of the 
corresponding silver halide in situ in said pores and dis 
tributed throughout said pores, thereafter washing the 
thus-treated oxidized surface to remove any residual so 
lution from the oxide pores, and drying the washed Sur 
face of the aluminum base element, all of said steps be 
ing carried out in the absence of light which would re 
duce the silver compound to metallic silver. 

2. The method of producing an aluminum base photo 
graphic plate capable of being Stored in darkness with 
out fogging of its photosensitive element and further ca 
pable of being developed by conventional photographic 
procedure, said method comprising impregnating the pores 
of an anodically oxidized surface of a metallic aluminum 
base element with an aqueous solution of a silver salt 
further containing a minor amount but between at least 
about 0.1% and about 2% by weight of gelatin so as 
to uniformly distribute said aqueous solution throughout 
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the pores of the oxide coating, bringing the thus-impreg 
nated oxidized surface of the base element into contact 
with an aqueous solution of an alkali metal halide with 
the resulting formation of the corresponding silver halide 
in situ in said pores and distributed throughout said 
pores, thereafter washing the thus-treated oxidized sur 
face to remove any residual solution from the oxide pores, 
and drying the washed surface of the aluminum base 
element, all of said steps being carried out in the ab 
sence of light which would reduce the silver compound 
to metallic silver. 

3. The method of producing an aluminum base photo 
graphic plate capable of being stored in darkness with 
out fogging of its photosensitive element and further ca 
pable of being developed by conventional photographic 
procedure, said method comprising impregnating the pores 
of an anodically oxidized surface of a metallic aluminum 
base element with an aqueous solution of a silver salt 
further containing a minor amount but between at least 
about 0.1% and about 2% by weight of gelatin, so 
as to uniformly distribute said aqueous solution through 
out the pores of the oxide coating, bringing the thus 
impregnated oxidized surface of the base element into 
contact with an aqueous solution of an alkali metal 
halide with the resulting formation of the correspond. 
ing silver halide in situ in said pores and distributed 
throughout said pores, thereafter washing the thus-treated 
oxidized surface to remove any residual solution from 
the oxide pores, immersing the resulting silver halide 
containing porous surface in an alkali metal halide so 
lution for a period of at least about one minute, and 
drying the resulting surface-treated aluminum base ele 
ment, all of said steps being carried out in the absence 
of light which would reduce the silver compound to 
metallic silver. 

4. An aluminum base photographic plate capable of 
being stored in darkness without fogging of its photo 
sensitive element and capable further of being developed 
by conventional photographic procedure produced by the 
process of claim 2. 

5. An aluminum base photographic plate capable of 
being stored in darkness without fogging of its photo 
sensitive element and capable further of being developed 
by conventional photographic procedure, produced by the 
process of claim 1. 
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