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This invention relates to a diazotype reproduction ma 
terial and method of manufacture. More particularly, it 
relates to the provision of a light-sensitive diazotype layer 
on a metal surface. 
Water and organic solvent-impervious metal surfaces 

pose di?icult problems in the application and ?xation 
thereon of materials which provide photographic light 
sensitive layers. In the provision of photographic light 
sensitive layers on other base materials, an absorbent 
surface is commonly treated with a solution of light 
sensitive components which serve to reproduce a desired 
image. Thus, for example, diazotype reproduction media 
are produced by treating an absorbent surface with a 
solution containing azo dye components in an uncom 
bined form. The most commonly used base material 
is paper, and the components are usually in aqueous 
solution. Su?‘icient penetration is obtained to insure 
bonding of the paper and the sensitizing composition, and 
the ultimate dye image. Cellulose esters and ethers are 
also in common use as base materials, and they are im 
pregnated with a sensitizing solution by the addition of 
penetrating or swelling agents which have a solvent action 
on the base material, to insure the necessary bonding. 
The prior methods are, however, unsuitable for coat 

ing liquid-impervious metal surfaces, there being in 
su?icient bonding with the base material to provide a 
uniform layer of the sensitizing components which is per 
manently bonded and is resistant to wear and abrasion. 
Furthermore, the dye images reproduced on the surface 
by exposure and development have little permanency, 
and in order to prevent easy removal of the images, it is 
necessary to overcoat them with a transparent coating. 
Even such a coating on a metal is easily scratched, chipped 
and otherwise damaged in ordinary handling, shipping, 
and storage. ' 
There are a number of advantages in the use of di 

mensionally stable aluminum base materials, especially 
in the production of aluminum templates or the like, and 
it is highly desirable to provide an aluminum base coated ’ 
with a light-sensitive layer. 

It is therefore an object of the invention to provide a 
new and improved diazotype reproduction material and 
method of manufacture, particularly a dimensionally 
stable photographic reproduction material. 
A particular object is to provide a reproduction mate 

rial which includes an aluminum base and a light-sensi 
tive diazotype layer thereon. 
A further object is to provide a diazotype reproduction 

element which furnishes excellent uniform permanent re 
production and which is resistant to the various conditions 
encountered. 
An additional object is to. supply a reliable and effec 

tive method for providing a light-sensitive diazotype layer 
on an impervious aluminum surface, which surface ab 
sorbs substantially no water or organic solvent, so that 
it is unreceptive to aqueous and organic solvent solutions, 
for all practical purposes, and there will be no or only in 

2 
substantial adherence or binding of the solutions and their 
ingredients to the surface. 
Another object is to coat an- aluminum base or support 

' employing a principally non-aqueous organic solvent 
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solution of a light-sensitive diazo compound. 
Still another object is to provide a base of aluminum 

sheet material and the like, and a strongly adherent diazo~ 
type layer thereon, which‘may be exposed to light under 
a drawing or pattern to mark the base rapidly and ac 
curately for cutting or shaping into a template, pattern, 
structural part and the like. 
An additional object is to provide a method of prepar~ 

ing an aluminum body having a design on its surface. 
Yet another object is to provide a diazotype coat on an 

aluminum base material having the desired properties of 
transparency or translucency, little color, storage stability ' 
and resistance to chemical and physical attack under the 
conditions normally encountered. 

Other objects include the manufacture and application 
of new and improved coating compositions, and coats and 
coated base materials, and the provision of new and use 
ful methods. These and other objects and advantages of 
the invention will appear on consideration of the speci 
?cation taken in conjunction with the attached drawing, 
in which the single ?gure is a broken perspective view 
of a sheet of anodized aluminum provided with a diazo 
type layer or coat, according to ‘a preferred embodiment 
of the invention. 
The invention provides a photographic reproduction 

material which includes an aluminum base material, and 
a coat of a light-sensitive diazo compound and a cellulose 
ester or ether, particularly, nitrocellulose or ethyl cellu 
lose. 
A method for providing a diazotype layer on an alumi 

num surface is provided in the invention, which method 
includes coating the aluminumv surface with an organic 
solvent solution of a diazo compound and the cellulose ' 
derivative. The wet coat is dried to provide a light-sen 
sitive surface on the body, the light-sensitive surface is 
exposed to light of varying intensity, and the resulting 
print is developed to produce an aluminum body having 
a design on its surface. 
The aluminum surface is rendered receptive to the 

sensitizing composition by pitting or roughening, so that 
the surface is covered with a multitude of closely spaced 
?ne pits, cavities or indentations. The surface is pitted 
by anodizing, alodyning, Diversey etching, or sand blast 
ing, for example. 
The aluminum surface thus rendered receptive to the 

sensitizing composition is provided with’ an outer layer 
or coating of a light-sensitive diazo compound and ethyl 
cellulose or nitrocellulose, by applying the components 
in an organic solvent solution. Adherence to the sur 
face is improved when the solution, and thus the result, 
ing coat, additionally contains a resinous material of the 
shellac type. Development of the subsequent print is 
also bene?tted thereby. 
An important phenomenon cooperating in the inven-‘ 

tion is that although the ?lms of the cellulose derivatives 
are not alone pervious to ammonia and water vapor, and 
to the developing solutions, so that a diazo layer cannot 
be overcoated satisfactorily with them, the thin ?lms are 
su?iciently pervious when mixed with the diazo compo 
nents to exhibit good developing properties. On the other 
hand, the ?lms or coats may be regarded as water resist 
ant and have excellent stability 'to heat, ammonia, water 
and water vapor, not swelling, loosening or dissolving, ' 
"and they are very rugged and durable. 

Diazo compounds which are organic solvent soluble 
and suitable for the sensitizing compositions of the inven 
tion include, for example, those which are derived from 
aromatic p-diamines of the benzene‘series, particularly 
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those which are N-mono or di-substituted on the un 
diazotized amino groups, with or without aliphatic sub~ 
stitution on the benzene ring.‘ Also included are resinous 
condensation products of aldehydes, such as formalde 
hyde, with these light-sensitive diazo compounds, the 
p-amino phenyl sulfones of the diazo compounds. The 
boron trifluoride, the stannous chloride, the cadmium 
chloride, and the zinc chloride double salts of the afore 
mentioned light sensitive organic solvent. soluble diazo 
compounds are included. Speci?c examples ofsuch com~ 
pounds which are used in the production of diazetype 
images of high contrast are the diazo derivatives of 
p-amino-N-methyl aniline, p-arnino-N-di-methyl aniline, 
p-amino - N - ethyl aniline, p-amino-N-di-ethyl aniline, 
p-amino - N - methyl-N-ethyl aniline, p-amino-N-ethoxy 
aniline, p-amino-N-methyl~N-ethoxy aniline, pamino-N 
ethyl-N-ethoxy aniline, p-amino-N-diethyl - m - toluio'ine, 
and l-amino-3-methyl-4-ethylamino benzene, all in the 
form of their diazodouble salts with zinc chloride, cad 
mium chloride, stannous chloride, or boron trifluoride, or 
their diazo p-amino-phenyl sulfones, or their diazo-form— 
aldehyde resinous condensation products. 
As coupling components, any compound which will 

function as a coupling component may be employed either 
in the coating composition together with the diazo com 
pound in order to produce a two-component system, or 
in the developing solution as a color forming developer. 
In either case, the coupling component selected will ‘be 
one which will produce the desired color or a combination 
of coupling components which will produce a multi-color 
effect. Examples of preferred coupling components are: 
2,3-dihydroxy naphthalene and its 6-sulfonic, acid deriva 
tive, phloroglucinol, methyl phloro-glucinol, resorcinol, 
resorcinol-monomethyl ether, di-chloro resorcinol, m-hy 
droxy phenyl urea, acetoacetanilide, acetoacetylcyclo 
hexyl amide, 7-hydroxy naphthalene-1-biguanide, 7-hy- - 
droxy-1,2-naphthimidazole, 2-amino-8-naphthol-3,6-disul 
fonic acid, 2-, 7-dihydroxy naphthalene, l-naphthol-ll-sul 
fonic acid, and 1-amino-8-naphthol-3,6-disulfonic acid. 

The, sensitizing compositions may contain the usual ad 
juncts such as metal salts, to intensify the dyestutf image, 
i. e., aluminum sulfate, titanium ammonium ?uoride, 
nickel sulfate and the like, and acids designed to retard 
precoupling such as citric acid, maleic acid, tartaric acid, 
boric acid and the like. 
The diazo composition can also advantageously include 

a filler such as colloidal silica, hydrated silica, diatoma 
ceous earth, bentonite, mica and the like. The ?ller acts 
to raise the softeningv point of the coating,_promote de 
velopment of a print by inducing porosity, and provide 
a mat surface. 
The sensitizing composition is a principally non~aqueous 

organic solvent solution of the diazo ingredients and the 
cellulose ester or ether, and preferably, a shellac type 
resinous material. 
tual compatibility and the properties desired. The sol 
vent and ?lm-forming ingredients are selected for solu 
'bility and are adjusted to a viscosity suitable for appli— 
cation and which will properly suspend the ?ller, and 
to provide a continuous abrasion-resistant ?lm. The sol 
vents are preferably selected from the group of lower 
aliphatic alcohols, lower aliphatic ketones, lower aliphatic 
glycol esters and lower aliphatic glycol ethers, and they 
are specially selected to furnish a controlled rate of dry 
ing on application to the base material. Thus, the sol 
vents are balanced to result in a drying rate which is slow 
enough to avoid condensation or pick-up of Water and to 
avoid premature drying in the rollers or other equipment, 
yet rapid enough to dry rapidly and completely in a satis— 
factory manner after application, furnishing a thin uni 
form strongly adhering and non-tacky surface coat. For 
example, a drying rate of 5~l0 minutes at l50—l75° F. in 
commercial coating equipment is provided. 
The primary solvent for the mixture is methanol or 

ethanol,>or acetone or methyl ethyl ketone may be sub 

The ingredients are balanced for mu- - 
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stituted in whole or in part. The primary solvent is pres; 
ent in a major proportion by weight of the total of'the" 
organic solvents, preferably -in a proportion of 60-90% 
of the solvents. The primary solvent is blended with a 
minor proportion, preferably 10-40%, of a higher boil 
ing alcohol or the equivalent, which serves to prevent 
overly rapid drying with consequent “blushing.” The 
medium boiling lower’ aliphatic alcohols having 4 carbon 
atoms or more and which are; liquid at room tempera 
ture, such as butyl alcohol and amyl alcohol, are desirably, 
employed, and they may be substituted in whole or in part 
by lower aliphatic glycol esters or ethers, such as the 
esters or ethers of ethylene glycol, propylene glycol and 
glycerine. In a controlled low humidity, normal or, iso 
propanol may be used alone. 
A ‘preferred combination of solvents is a mixture of 

90~85% of methanol and 10-15% of butanol, or an 
equivalent mixture. 

In the compositions which are» ammonia developed 
after printing, a small amount of a loweraliphatic glycol; 
such as ethylene glycol, propylene glycol and glycerine, 
may be included to assist in picking up water vapor in 
developing. The proportion of- glycol is preferably about 
Mr to 1 part by weight to 1 part of the cellulose derivative. 
This function together with that of the secondary or higher 
boiling solvent is also provided by Cellosolve esters, such 
as the lower aliphatic Cellosolve esters, preferably B-alk 
oxy ethyl acetate. 

in the sensitizing composition,‘ the cellulose ether or 
ester binder ispreferably employed inaa proportion of 
about 1A to. 5 parts by weight to l partof diazo com 
pound. The reference. to diazocompound does not in 
clude the coupling. components and the-adjuncts. Pref 
erably, a shellac type resinous substance is included-in 
a proportion of about 1A tol part by weight'to 1 part» of 
cellulose ether or ester. 
About 30 to 60 parts by weight of solvent-per part» 

of the cellulose binder are employed, equivalent to apro 
pcrtion of binder of about 3.3% to 1.6% based on the 
solvents. About 20 to 200 parts by weight of solvent 
are employedper-part of- diazo compound, so'that'the' 
diazo compound is-present in a proportion of about '51to 
0.5% of. the solvents. It is ordinarily- preferred to ilIL-~ 
corporate about 0.5 to 5 parts of ?ller per part of diazo 
compound. 
The composition includes‘ merely'sul?cient water‘ to 

dissolve those components of the diazo system'which are 
insoluble or dif?cultly soluble in- organic solvents,v but. 
not enough to preicpitate the cellulose ester oriethery or" 
the shellac, and -the proportion-‘of water- thus- amounts 
to a maximum of about 3% by weightof the complete.-v 
sensitizing composition. 
The sensitizing composition prepared in the above‘ 

manner is applied to the receptive aluminum surfaceby 
brushing, spraying, bead-coating, roller coating,-- silk‘ 
screening, or the like, to providea thin'coat on- the sur~ 
face. 
of from about room temperature to'about- 250°- F, the 
upper temperature being limited by the stability of the 
diazo components. An ‘adherent sensitized layer is thus 
?rmly bonded to the aluminum surface. The reproduc 
tion material so produced can be exposed to light'of 
varying intensity in accordance with a design to be re 
produced thereon, e. g., under‘ a pattern to be reproduced, 
and the images developed by exposure to ammonia vapors 
inthe case of the two-component or dry-developing proc 
ess, or by spraying, dipping, swabbing or sponging with 
a developing solution in the case of the one-component 
or moist-developing process. 
When the original pattern or drawing is produced 

on a dimensionally .stable medium, such as photo-tem 
plate glass‘ cloth, the ?naldiazctype reproduction on the 
aluminum surface will be an exact true-to-scale duplicate 
copy of the original. The resulting copy is unaffected by 
atmosphericmoistureand requires no over-spraying or 

The material is dried in the dark, at‘ a temperature 
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lacquering, as there is no rubbing or peeling‘o?' of the 
surface, and the image is well protected. The sensitized 
aluminum materials and the resulting prints may be trans 
ported and employed in various localities; for example, 
they have found widespread application in the manufac 
ture of metal templates in the aircraft industry. 
The following example is furnished to assist in provid 

ing, a complete understanding of the invention, but it 
is to be understood that the invention is not limited 
thereto nor to the speci?c compositions, proportions and 
conditions set forth therein, which are given only for 
purposes of illustration. 

Example 
The example illustrates production of a direct (positive 

image) dimensionally stable blue line print, ammonia 
developed, on an aluminum metal sheet. 
The solution is prepared, having the following com 

positions: 
Methanol ____________________________ __.cc__ 3,000 
n-Butanol _ - cc 250 

Water ___ N‘ 235 

Citric acid ____ __ ms 55 

Zinc chloride _______________________ __.gms__ 47 
Thiourea gms-- 55 
2,3-di-hydroxynaphthalene-6-sulfonic acid__gms__ 25 
p - Diazo - N - diethyl - m - toluidine, zinc chloride 

double salt ms“ 5 5 

These ingredients, thoroughly mixed and ?ltered, are 
added to the following mixture: 

Methanol __ cc 3,500 

n-Butanol __ ____ cc__ 500 

Shellac (bleached, \dewaxed) __________ __gms__ 100 
Nitrocotton (RS 5-6 sec.) ___________ __gms_.. 200 
Diatomaceous earth (Johns-Manville “Celite”) 

gms-- 75 

The ?nal mix is stored in a covered crock until ready for 
use. 

An aluminum metal sheet, deep-etched (anodized), 
12’ long, 4' wide, and 0.125" thick, represented by the 
numeral 1 in the drawing, is uniformly spray coated in 
a layer about 00001-00002" thick with the above-de 
scribed sensitizing solution, and dried in the dark, so 
that a coat or ?lm 2 is provided on a surface of the 
sheet and strongly adheres thereto. A print is made on 
the sensitized metal sheet, using as the original pattern, 
a 12' x 4’ sepia intermediate print on‘plastic-impregnated 
glass cloth. The metal plate is contact printed by means 
of an are light, and is developed by placing it in a wooden 
box, 14’ long, 5' high, and 1' wide, ?lled with ammonia 
and Water vapors. 
The resulting blue-line positive copy is an exact, true~ 

to-scale, positive reproduction of the sepia intermediate 
print, having a very small distortion. 
The above mix may also include 100 cc. of ethylene 

glycol or propylene glycol, to assist in developing. In 
place of the nitrocotton, 200 gms. of ethyl cellulose 
(Hercules N-SO) can be employed. 
Other two-component diazo systems can be substi 

tuted such as p-diazo-N-methyl-N-hydroxy-ethyl aniline, 
zinc chloride double salt, and resorcinol, which pro 
duces a direct sepia print; and p-diazo-N-ethyl-N-ethoxy 
aniline, stannous chloride double salt, and 2,3-di-hydroxy 
naphthalene, which produces a direct blue line print. 
A one-component diazo system can also be employed, 
such as p-diazo-N-ethyl-N-benzyl aniline, cadmium chlo 
ride double salt, and naphthalene-1,3,6-tri-sulfonic acid, 
sodium salt, developed with phloroglucinol and resorcinol 
solution, which produces a direct sepia line print; and 4 
diazo-N-benzoyl-2,5-dibutoxy aniline, zinc chloride dou 
ble salt, developed with phloroglucinol solution, which 
produces a direct black line print. Other combinations 
of light-sensitive diazo compounds, or light-sensitive diazo 
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compounds and azo coupling components, soluble in the 
types of organic solvents described, and suitable for 
the preparation of photographic light-sensitive layers, 
i. e., which will provide a photographic reproduction, 
visually reproducing a drawing on exposure to light and ’ 
developing by undergoing a substantial color change, can 
be substituted for the compounds employed. 

In this manner, a new and improved photographic 
reproduction material constituting a sensitized aluminum 
base is provided. This material is especially useful for, 
rapidly and accurately reproducing a drawing or pattern 
on the surface of the aluminum, for producing templates, 
structural members and the like. Aluminum sheets may 
be coated simply and rapidly at any location, transported 
as desired and exposed under a drawing suited for the 
intended purpose. The method and material ?nd especial 
ly advantageous use in quantity production. 
What is claimed is: 
1. An aluminum base and an adherent coat of a light 

sensitive diazo compound, a member selected from the 
class consisting of ethyl cellulose and nitrocellulose, and 
shellac. 

2. A pitted aluminum sheet and an adherent coat of 
a light-sensitive diazo compound, a member selected 
from the class consisting of ethyl cellulose and nitro 
cellulose, and shellac. 

3. An aluminum base and an adherent coat of a light 
sensitive diazo compound, ethyl cellulose, and shellac. 

4. An aluminum base and an adherent coat of a light 
sensitive diazo compound, nitrocellulose, and shellac. 

5. The method for providing a light-sensitive diazo 
type layer on an aluminum surface which comprises coat 
ing said surfacewith an organic solvent solution of a 

' light-sensitive diazo compound, a member selected from 
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the class consisting of ethyl cellulose and nitrocellulose, 
and shellac. ' 

6. The method for providing a light-sensitive diazo 
type layer on an aluminum surface which comprises 
coating said surface with an organic solvent solution of 
a light-sensitive diazo compound, a member selected from 
the class consisting of ethyl cellulose and nitrocellulose, 
and shellac, said solvent being selected from the class 
consisting of lower aliphatic alcohols, lower aliphatic ke 
tones, lower aliphatic glycol esters, and lower aliphatic 
glycol ethers. 

7. The method for providing a light-sensitive diazotype 
layer on an aluminum surface which comprises coating 
said surface with an organic solvent solution of a light 
sensitive diazo compound, a member selected from the 
class consisting of ethyl cellulose and nitrocellulose, and 
shellac, said solvent being a mixture of methanol and 
butanol. ' 

8. The method of preparing an aluminum body having 
a design on a surface thereof which comprises coating 
a pitted surface of an aluminum body with an organic 
solvent solution of a light-sensitive diazo compound, a 
member selected from the class consisting of ethyl cellu 
lose and nitrocellulose, and shellac, drying the thus coated 
body, exposing the resulting light-sensitive surface of said 
body to light of vvarying intensity in accordance with 
a design to be reproduced, and developing the resulting 
print. 
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