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This invention relates to photographic mate 
rials and more particularly to the subbing of 
photographic film. 
In the manufacture of photographic safety 

film in which the film base is formed of a sub. 
stantially non-inflammable derivative of cellu 
lose such as cellulose acetate, the manner of se 
curing the proper adhesion of the various layers 
to the film base constitutes a serious problem. 
The degree of adhesion of the layers to the base 
must be regulated so that neither brittleness nor 
stripping results. If the degree of adhesion is 
too great, the film is brittle and cracks when bent, 
on the other hand, if the degree of adhesion is 
too slight, the layers strip from the base or Sup 
port when the film is treated in the processing 
baths. 
A further requirement is that each layer of the 

film must adhere to the layer adjoining it. Ad 
hesion may be brought about either by the nat 
ural compatibility of the materials or by the use 
of a solvent material which is a Solvent for the 
material of the adjoining layer. For example, 
it is well-known that a water Solution of gelatin 
will not wet a cellulose organic derivative film 
Support such as cellulose acetate and, consequent 
ly, will not adhere to it. It has, therefore, been 
the practice in subbing a film base of this type 
to use a solution of gelatin in an Organic solvent 
capable of swelling or dissolving the film base. 
The degree of adhesion of the layer to the film 
base is then regulated by varying the strength 
of the solvent. It has been found, however, that 
in order to secure the proper degree of adhesion 
when using the gelatin subbing Solution, the sol 
vent must be of such a strength that the result 
ing film is brittle. 

In my prior application, serial No. 1,547, filed 
(January 12, 1935, I have described a method of 
Subbing a cellulose organic derivative film base 
in which the resulting product has satisfactory 
stripping and brittleness properties. This meth 
od consists in applying directly over a cellulose 
Organic derivative film base, a solution of a Syn 
thetic resin. This resin layer is followed by a 
protective layer of cellulose nitrate or acetate and 
on top of this there is a gelatin Subbing layer 
followed by the emulsion layer. It has been 
found in practice that the resin layer applied to 
the film base does not dry readily and therefore 
tends to adhere to parts of the coating machine 
Such as the driers or idle rolls. In order to over 
come this tendency, a protective layer is applied 
Over the resin layer before application of the gela 
tin and emulsion layers. This necessitates the 

(C. 95-9) 
use of an additional layer and if a cellulose ni 
trate protective layer is used for this purpose, 
the fire hazard is somewhat increased. 

It is, accordingly, an object of the present in 
vention to provide means for eliminating the 
protective coating layer in films of this type, 
thereby reducing the required number of layers. 
A further object is to provide a method for elim 
inating the nitrate from the film. 
I have found that oxidized cellulose acetate is 

Compatible with both Synthetic resins and gela 
tin and may be used as a subbing material for 
photographic film, thereby reducing the required 
number of layers on the film base and also elim 
inating the nitrate from the film. 

In the accompanying drawing, I have shown 
in enlarged sectional views a number of nodi 
fications of photographic film made according 
to my invention. In the drawing 

Fig. I is a sectional view of a film base in which . 
a layer of oxidized cellulose acetate and gelatin 
is coated over a resin subbing layer; 

Fig. It is a sectional view of a film in which 
the layer of oxidized cellulose acetate and gela 
tin is followed by a weak gelatin layer; 

Fig. III is a sectional view of a film in which 
an oxidized cellulose acetate layer alone is coated 
over a resin subbing layer; 

Fig. IV is a sectional view of a film having 
emulsion layers on both sides of the support, the 
resin subbing layer being coated in each case 
with a mixture of oxidized cellulose acetate and 
gelatin. 
The application of the various layers to the 

film base may be carried out in any manner well 
known to those skilled in the art. The film sup 
port may be of any of the usual cellulose organic 
derivative compositions such as Cellulose acetate, 
cellulose acetate propionate, cellulose ethers, etc. 
For example, when coating a cellulose acetate 
base, the base is treated with a solution of a 
synthetic resin such as a polyvinyl acetal in a 
suitable solvent. This solvent may be ethyl alco 
hol or methyl alcohol or a mixture of acetone 
and methyl alcohol or methyl Cellosolve. Ethyl 
ene dichloride can also be used together with 
acetone and/or methyl alcohol to effect solution 
of the resin. The exact composition of the sol 
went to be used is determined by the nature of 
the cellulose ester or ether of which the support 
is made. 
After the resin has been set or become some 

what firm, it is treated with the protective layer 
of oxidized cellulose acetate or mixed oxidized 
cellulose acetate and gelatin. The preparation 
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of this material is described below. The con 
position of this layer may vary in respect to 
total content of oxidized cellulose acetate or oxi 
dized cellulose acetate and gelatin, with respect 
to the ratio of gelatin to oxidized cellulose ace 
tate, or with respect to the composition or nature 
of the solvents. This protective layer is followed, 
in one form of my invention, by a gelatin layer 
deposited from a weak gel sub, and the emulsion 
layer, or the emulsion layer may be applied di 
rectly over the protective layer. 
Other layers may be applied to the film base 

in the usual manner, for example, a gelatin coat 
ing may be applied to the reverse side of the sup 
port in order to counteract the tendency of 
the film to curl or a layer may be applied over 
the emulsion layer to resist abrasion. 
Among the synthetic resins which may be used 

as subbing materials, any of the resins described 
in my prior application, Serial No. 1,548, may be 
used. These include the polyvinyl esters such 
as polymerized vinyl acetate which is known, for 
example, under the trade-name 'Gelva', the 
preparation of which is described in the U. S. 
Patents Nos. 1231,738, 1,586,803, and 1710,825. 
A further type of resin which may be used is the 
polyvinyl acetal type. These resins are con 
densation products of partially or completely hy 
drolyzed polyvinyl acetate and an aldehyde, and 
are known as polyvinyl acetals. They are sold 
under various trade-names such as 'Formvar', 
and "Alvar', the preparation of which is de 
scribed in Br. Patent No. 351,082 and in U. S. 
Patents Nos. 1955,068 and 1990,399. A still fur 
ther type of resin which I may use are the alkyd 
resins, which are condensation products of a 
poly-basic acid and a polyhydroxy alcohol. An 
example of this type of resin is "Glyptal", which 
is a condensation product of glycerin and phthalic 
acid or phthalic anhydride. A still further type 
of resin is the group known as the "Santolites' 
which are condensation products of formaldehyde 
with aromatic sulfonamides. I may also use 
other resins such as the polyacrylic esters, the 
urea-formaldehyde resins, the modified phenol 
formaldehyde or Bakelite resins, and others. 
My invention will now be described by reference 

to the accompanying drawing. 
Fig. I is a sectional view of a film in which 

the support fo is coated with a layer fl of a suit 
able resin. This resin layer is followed by a 
layer 2 of a mixture of oxidized cellulose acetate . 
and gelatin which is prepared in any suitable 
manner so that it adheres in the proper degree to 
the resin layer. The layer f2 is followed by the 
usual silver halide emulsion layer 3. 

Fig. I shows a film in which a layer if of resin 
is first coated on the base, and this is followed by 
the oxidized cellulose acetate and gelatin layer 2 
and by a gelatin subbing layer f which is coated 
from a weak gel solution. On this is laid the 
emulsion layer 3. 

Fig. III is a section view of a film in which the 
support to is coated with a suitable resin and 
this is followed by a layer 5 of oxidized cellu 
lose acetate alone, coated from a suitable solvent. 
A layer of gelatin fi is laid over the oxidized 
cellulose acetate, and the emulsion layer f is 
then coated directly over the gelatin layer. 

Fig. IV shows a modification in which there is 
a sensitive emulsion layer on each side of the 
support fo. The support is coated on each side 
with a suitable resin f followed by the mixed 
gelatin and oxidized cellulose acetate protective 
layer and the emulsion layer . It is to be 

2,185,624 
understood that in this modification the pro 
tective layer might be of oxidized cellulose acetate 
alone with a gelatin layer interposed between pro 
tective layer f2 and emulsion layer 3. 
The following examples will illustrate the man 

ner in which a film base may be coated accord 
ing to my invention. 

Eacample I 
A film base of cellulose-acetate is coated with 

a 5% solution of polyvinyl formaldehyde acetal 
resin dissolved in a mixture of 70% acetone and 
30% methyl alcohol. This resin solution is coated 
at a linear speed of approximately three feet per 
minute. The film is then led through an ap 
propriate drying apparatus maintained at a ten 
perature of approximately 120 to 200 F. where 
the solvent is evaporated from the surface of the 
material and the resin layer becomes somewhat 
set or hardened, although it still remains slightly 
tacky. The resin coating is then treated with a 
solution of gelatin and oxidized cellulose acetate 
having approximately the following composition: 

Percent 
Gelatin--------------------------------- 1.25 
Oxidized cellulose acetate---------------- 1.25 
Acetic acid----------------------------- 1. 
Water---------------------------------- 4. 
Acetone -------------------------------- 50 
Methyl CelloSolve------------------------ 20 
Methyl alcohol-------------------------- 22.5 
The film is then dried at a suitable temperature 
after which the usual gelatino-silver halide emul 
sion coating is applied, by known technique, thus 
completing the film. 

Eacample II 
A film base of cellulose acetate or cellulose 

acetate-propionate of appropriate thickness is 
coated with a resin layer and a layer of mixed 
oxidized cellulose acetate and gelatin, as de 
scribed in the preceding example. The oxidized 
cellulose acetate and gelatin protective layer is 
then coated with a weak gelatin solution having 
approximately the following composition: 

Percent 
Gelatin ----------------------------------- 1. 
Acetic acid-------------------------------- 1. 
Water ------------ ------------------------ 4. 
Methyl alcohol---------------------------- 74 
Methyl CelloSolve-------------------------- 20 
This additional gelatin produces a film which has 
better dry stripping than the film in which the 
emulsion layer is coated directly over the pro 
tective layer. 

Eacample III 
A film base of cellulose acetate or cellulose 

acetate propionate of appropriate thickness is 
coated with a 5% solution of a condensation prod 
uct of glycerin and phthalic anhydride (Glyptal) 
in a mixture of 75% acetone and 25% methyl al 
cohol. This layer is dried as described in the 
preceding example and is then coated with a solu 
tion of oxidized cellulose acetate having approxi 
mately the following composition: 

Percent 
Oxidized cellulose acetate------------------- 3. 
Water ------------------------------------ 40 
Acetone----------------------------------- 30 
Methyl CelloSolve-------------------------- 27 
This oxidized cellulose acetate protective layer is 
followed by a gel sub and then the usual gelatino 
silver halide emulsion layer to complete the film. 
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Eacample IW 

In the process as described in Example III, a 
solution of oxidized cellulose acetate is used 
having the following composition: 

Percent 
Oxidized cellulose acetate----------------- 1.5 
Acetic acid------------------------------ 1. 
Water ---------------------------------- 4. 
Acetone --------------------------------- 60 
Methyl alcohol--------------------------- 33.5 

Oxidized cellulose acetate is prepared by treat 
ing a hydrolyzed cellulose acetate with an acid 
permanganate solution. The hydrolyzed cellu 
lose acetate used may vary from a slightly hy 
drolyzed acetate of about 41% acetyl, to a cellul 
lose acetate hydrolyzed to 33% acetyl or less. 
In general, a hydrolyzed cellulose acetate of from 
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90% precipitation value to total acetone solubil 
ity may be used. The 90% precipitation value 
cellulose acetate corresponds in general to an 
acetate of 41% acetyl content. A preferred com 
position of starting material for the oxidation 
has a precipitation value of 72% and an acetyl 
content of 37%. 
Oxidized cellulose acetate may be prepared in 

the following way. An acid permanganate-solu 
tion is made up having the following composi 
tion: 

Distilled Water---------------- 140 lbs. 
Sulfuric acid (95%).----------- 640 cc. 
Potassium permanganate------ Dissolved by 

boiling 1 lb. in 
20 lbs, of dis 
tilled water 

This solution is placed on a 30 gallon crock fitted 
with a stirrer. To this solution is added 10 lbs. 
of cellulose acetate of 33% acetyl content finely 
broken up. The contents are stirred continu 
Ously for flve minutes and then stirred one min 
lute in every 15 minutes until the purple color 
of the permanganate has disappeared. The treat 
ment is carried out at room temperature and re 
quires about four hours at 85° to 90°F. 
When the oxidation is complete, the liquid is 

drained off and the material washed several 
times with distilled water. The oxides of man 
ganese are then removed by bleaching with 
sulfur dioxide. To accomplish this bleaching, 
sulfur dioxide is bubbled into distilled Water 
placed in the crock, until the odor of sulfur 
dioxide persists. The bleaching is continued until 
the lumps of oxidized cellulose acetate are thor 
oughly decolorized. The bleach water is then 
discarded and the material washed thoroughly 
with distilled water arad dried. The treatment 
in this way results in about seven pounds of 
dried material for ten pounds of initial cellulose 
acetate. 
The oxidization described above, which is car 

ried out with hydrolyzed cellulose acetate, has 
the effect of introducing acidic groups into the 
molecule. These acidic groups, probably car 
boxyl, are introduced at the places where there 
are free hydroxyl groups resulting from hydroly 
sis of the cellulose acetate. The chemical fore 
mula of this material is not known except that 
it is known to contain acid radicals. The ma 
terial may, however, be distinguished in a num 

5 

ber of ways, although the solubility in acetone and 
other solvents, of the oxidized material, is about 
the same as that of the unoxidized material. 
The precipitation value shows a steady decrease 

3 
with increased time of oxidization. The adhesive 
properties and the dye absorptive properties, 
especially for basic dyes, of the oxidized material 
are much better than the corresponding prop 
erties of the undyed material. The water sus 
ceptibility of the material is also slightly in 
creased by the oxidization. The most important 
means of determining the change which occurs 
in the hydrolyzed cellulose acetate on oxidization 
is its reaction with alkaline materials. Where 
as, the original material has no free acid groups, 
the oxidized material has an appreciable degree 
of acidity. This acidity may be determined by 
treating it with an alkaline solution of known 
strength and measuring the amount of alkali re 
quired to neutralize the free acidity. With the 
material prepared as described above, the acidity 
is equivalent to about 100 to 200 cc. of normal 
alkali per 100 grams of oxidized cellulose acetate. 
This means that with a normal Solution of alkali, 
for example, a normal Solution of sodium hydrox 
ide (i. e., a solution containing 40.01 grams 
Sodium hydroxide per liter), about 100 to 200 cc. 
of the normal alkali Solution will be required to 
neutralize 100 grams of the oxidized cellulose 
acetate. 
The customary tests by which the properties 

of photographic film are determined will now be 
described. These are the so-called dry stripping, 
Wet stripping and brittleness tests, 
The dry stripping test is carried out as follows: 

A piece of the complete emulsion-coated film of 
a convenient size, say, 6 inches wide by 40 inches 
long, is held at one end with both hands with the 
emulsion side toward the operator and is then 
torn length-Wise with successive quick motions 
of one hand, the tearing generally being carried 
out at a slight angle to the edge of the strip in 
Order to obtain an oblique tear. The tears thus 
produced are more or less jagged. An attempt is 
now made to pull back the emulsion from the 
film with the fingernails and the degree to which 
the emulsion separates from the support is a 
measure of its adherence. It will, of course, be 
understood that the standards of emulsion ad 
herence will vary for different types of film and 
what is considered satisfactory for one film may 
not be satisfactory for another. For example, 
stripping (emulsion adherence) is said to be satis 
factory for X-ray film if the emulsion cannot be 
Stripped back more than one or two inches. For 
Ciné film, on the other hand, the stripping should 
not be greater than about A of an inch. 
The wet stripping test is carried out as follows: 

A strip of film of convenient size is heated for 
forty-five minutes in a brittleness oven in which 
air having a controlled relative humidity of 
20-25% and a temperature of 110-120° F. is cir 
culated. The film is then removed from the oven 
and folded at ten different places along the strip 
by pressing the fold suddenly between the fore 
finger and the thumb. If the film is brittle, this 
sudden folding will cause it to break or snap in 
two at the fold. The flexibility may be defined 
in terms of freedom from brittleness which may 
be figured directly in percentages from the re 
sults of the test. For example, a film is said 
to be 60% free from brittleness if it ruptures at 
only four out of ten folds. 

Precipitation value of a hydrolyzed cellulose 
acetate may be determined in the manner de 
scribed in Sulzer U. S. Patent 1,833,136, page 1, 
line 95 to page 2, line 31. According to this 
method of stating precipitation Value, a pre 
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4. 
cipitation value of 0% represents a cellulose ester 
having complete acetone solubility. 
The advantages realized by my improved sub 

bing process include freedom from both wet and 
dry stripping and freedon from brittleness. Ad 
ditional advantages are the reduction in number 
of the applications of subbing layers required and 
the freedom of the film from cellulose nitrate, 
thereby increasing the fire safety characteristics 
(of the film. The elimination of the nitrate from 
the film also enables the use of slightly higher 
temperatures for curing the film containing 
nitrate is cured at higher temperatures. The use 
of higher temperatures enables a reduction in the 
length of time required for curing. 
Although I have described my process as ap 

plied to the subbing of cellulose organic film 
base, I am not limited to treating this type of 
material. My method may also be used in sub 
bing glass or paper supports or in subbing di 
rectly a film base formed of a resinous material. 
The modifications described are by way of ex 
ample only and my invention is to be limited 
only by the scope of the appended claims. 
This is a continuation in part of my application 

Serial No. 44,422, fled October 10, 1935. 
What I clain is: 
1. A flexible photographic film Comprising a 

cellulose organic derivative support, and, in order, 
a synthetic resin layer, a layer comprising par 
tially oxidized cellulose acetate having a free 
acidity equivalent of 100 to 200 cc. of normal 
alkali per 100 grams of oxidized cellulose acetate, 
and a photographic emulsion layer. 

2. A flexible photographic film comprising a 
cellulose organic derivative support, and, in order, 
a synthetic resin layer, a layer comprising par 
tially oxidized cellulose acetate having a free 
acidity equivalent of 100 to 200 cc. of normal 
alkali per 100 grams of Ozidized cellulose acetate, 
and a light-sensitive photographic emulsion 
layer. 

3. A flexible photographic film comprising a 
cellulose organic derivative support, and, in 

2,185,524 
order, a synthetic resin layer, a layer compris 
ing partially oxidized cellulose acetate having a 
free acidity equivalent of 100 to 200 cc. of nor 
mal alkali per 100 grams of oxidized cellulose 
acetate, and gelatin, and a photographic emulsion 
layer, 

4. A flexible photographic film comprising a 
cellulose organic derivative support, and, in 
order, a synthetic resin layer, a layer compris 
ing partially oxidized cellulose acetate having a 
free acidity equivalent of 100 to 200 cc. of nor 
mal alkali per 100 grams of Oxidized cellulose ace 
tate and gelatin, and a light-sensitive photo 
graphic emulsion layer. 

5. A flexible photographic film comprising a 
cellulose organic derivative support, and, in 
order, a synthetic resin layer, a layer comprising 
partially oxidized cellulose acetate having a free 
acidity equivalent of 100 to 200 cc. normal alkali 
per 100 grams of oxidized cellulose acetate and 
a silver halide emulsion layer. 

6. A flexible photographic film comprising a 
cellulose acetate support, and, in Order, a 
synthetic resin layer, a layer comprising partially 
oxidized cellulose acetate having a free acidity 
equivalent of 100 to 200 cc. of normal alkali per 
100 grams of oxidized cellulose acetate, and a 
light-sensitive emulsion layer. 

7. A flexible photographic film comprising a 
cellulose acetate support, and, in order, a 
synthetic resin layer, a layer comprising partial 
ly oxidized cellulose acetate having a free acidity 
equivalent of 100 to 200 cc. of normal alkali per 
100 grams of oxidized cellulose acetate, and 
gelatin, and a light-sensitive emulsion layer. 

8. A flexible photographic film comprising a 
cellulose acetate support, and, in order, a 
synthetic resin layer, a layer comprising partial 
ly oxidized cellulose acetate having a free acidity 
equivalent of 100 to 200 cc. of normal alkali per 
100 grams of oxidized cellulose acetate and gel 
atin, and a silver halide emulsion layer. 
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cellulose organic derivative support, and, in 

2,185,524 
order, a synthetic resin layer, a layer compris 
ing partially oxidized cellulose acetate having a 
free acidity equivalent of 100 to 200 cc. of nor 
mal alkali per 100 grams of oxidized cellulose 
acetate, and gelatin, and a photographic emulsion 
layer, 

4. A flexible photographic film comprising a 
cellulose organic derivative support, and, in 
order, a synthetic resin layer, a layer compris 
ing partially oxidized cellulose acetate having a 
free acidity equivalent of 100 to 200 cc. of nor 
mal alkali per 100 grams of Oxidized cellulose ace 
tate and gelatin, and a light-sensitive photo 
graphic emulsion layer. 

5. A flexible photographic film comprising a 
cellulose organic derivative support, and, in 
order, a synthetic resin layer, a layer comprising 
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a silver halide emulsion layer. 
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100 grams of oxidized cellulose acetate, and a 
light-sensitive emulsion layer. 

7. A flexible photographic film comprising a 
cellulose acetate support, and, in order, a 
synthetic resin layer, a layer comprising partial 
ly oxidized cellulose acetate having a free acidity 
equivalent of 100 to 200 cc. of normal alkali per 
100 grams of oxidized cellulose acetate, and 
gelatin, and a light-sensitive emulsion layer. 

8. A flexible photographic film comprising a 
cellulose acetate support, and, in order, a 
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equivalent of 100 to 200 cc. of normal alkali per 
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