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This invention relates to a non-silver direct-positive 
dye-bleach photographic process wherein both full color 
transparencies and full color prints are produced with 
images which are sharp and distinct and to the materials 
from which the color transparencies and color prints 
are produced. 

In copending United States patent applications filed 
by Robert H. Sprague and others, namely Serial Nos. 
47,849, filed August 5, 1960, which issued as United 
States Patent 3,104,973 on September 24, 1963; and 
50,696, filed August 19, 1960, which issued as United 
States Patent 3,102,027 on August 27, 1963, the dis 
closures of which are incorporated herein by reference, 
photosystems are described comprising photolytically 
sensitive halogen-containing organic compounds and 
cyanine and merocyanine dyes which bleach out on ex 
posure to light of a suitable wavelength. 

In attempting the practice of the inventions described 
in the aforesaid patent applications on a semi-commer 
cial or production basis it was found that in many in 
stances the photosensitivity and color separation obtain 
able with one batch of film was not reproducibly obtain 
able with succeeding materials prepared and processed 
in the identical manner from identical source materials. 
The principal object of the present invention is to pro 

vide means whereby images which are intense, sharp 
cutting, and in brilliant colors, with good color separa 
tion, yielding a very high-quality color rendition are re 
producibly obtained and which eliminate the loss in 
sensitivity and color-separation occasionally experienced 
in direct-positive non-silver dye-bleach photographic Sys 
tems of the type described above. 
One object of this invention is to provide a non-silver 

direct-positive dye-bleach photographic system capable of 
producing full color photographic prints with better color 
reproduction than has been heretofore obtained in the 
systems disclosed in the aforementioned patent applica 
tions. 

Still another object of the invention is to provide a 
relatively simple photosystem wherein full-color direct 
positive prints are produced solely by the action of the 
exposing light without any chemical development. 
A still further object of this invention is to provide a 

process for producing positive transparencies in full color 
for projection, or for color prints when coated on a white 
opaque substrate, such as paper. 
A further object is to improve the adhesion of the dye 

layers in the photographic film as compared with that 
obtained in the aforesaid patent applications. 
These and other objects are achieved by utilizing the 

present photographic system in any of the several alterna 
tive modes of practicing the invention described below 
and illustrated in the accompanying drawings in which: 
FIGURE 1 illustrates one tripack embodying the 

invention; 
FIGURE 2 diagrammatically illustrates the effect of 

exposure of the tripack to light of various colors; 
FIGURE 3 schematically shows the resulting direct 

positive obtained after the exposure of the tripack of 
FIGURE 1. 
As described in the above noted applications, a direct 

positive full-color print may be obtained by utilization of 
an integral tripack of three sensitive layers. Each layer 
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2 
comprises a sensitive coating containing a bleach-out dye 
which is sensitive to radiation of the proper wavelengths, 
said dye being present with a suitable activating agent 
and dispersed in a convenient film-former. When the 
Sensitive coating is exposed image-wise to light of the 
Wavelength absorbed by the dye, the dye is bleached in 
the area struck by the light, with the result that a direct 
positive image remains in the layer. By proper selec 
tion of the dyes an accurate color rendition is obtained 
by a subtractive process. 

For example, a green sensitive layer may be obtained 
with the process, using a magenta dye, which is, of course, 
green absorbing, transmitting blue and red freely. When 
Such a film is exposed in a camera, for example, to light 
reflected from colored objects, the action of green light 
on this layer is to bleach the magenta dye. It is not, of 
course, affected by blue or red light; light of these wave 
lengths is not absorbed by the sensitive material. What 
is obtained in this layer, therefore, is a minus-green rec 
ord which corresponds, for example, with the magenta 
printer in conventional color printing processes. 

Similarly, a blue-sensitive layer, comprising a yellow 
dye, is bleached on exposure to blue light, giving a minus 
blue record which corresponds to the yellow printer in 
conventional printing processes. 

Finally, a red-sensitive layer, containing a cyan dye, 
is bleached by red light, giving a minus-red image cor 
Tesponding to the cyan printer in color printing 
processes. 
When these three sensitive layers are superimposed in 

an integral tripack it will be seen that, since all three of 
the dyes transmit freely in the areas in which they do not 
absorb, light of a particular color will affect only a single 
layer. The result of the subtractive reflection of light 
from a white, opaque Substrate on such developed layers 
is the reflection of light of the same color as that original 
ly exposing the material. 

This may be further illustrated by reference to FIG 
URES 1 to 3. 
The three-layer integral tripack, depicted in FIGURE 

2 consists of three light-sensitive layers superimposed, 
One on top of the other. The coating nearest the sub 
strate is a blue-Sensitive yellow dye labelled “A,” the 
coating on top of this is a green-sensitive magenta dye 
labelled “B,” and the topmost coating is a red-sensitive 
cyan dye labelled “C.” 
The effect of light of the primary colors, blue, green 

and red, on Such a coating is illustrated by the diagram 
under the areas marked "Blue Light,” “Green Light,' and 
"Red Light.” Since the red-sensitive layer “C” and the 
green-sensitive layer “B” transmit blue light freely, no 
effect is obtained with blue light until layer “A” is 
reached; whereupon the yellow dye is bleached in this 
area. Therefore, in the area of the film struck by blue 
light, there remain the cyan layer and the magenta layer. 
After fixing, which may be accomplished by short heating, 
if Such a developed film is viewed under white light, the 
cyan layer will absorb red light; the magenta layer will 
absorb green light; while both the cyan layer and magenta 
layer Will transmit blue freely, as shown in FIGURE 3. 

In this Way, the result is reflection or transmission of 
Only blue in the area which was originally struck by blue 
light; in other words, a direct positive is obtained. Sim 
ilarly, when green light strikes the three-layer coating, 
the cyan dye will transmit the green freely while the ma. 
genta dye Will absorb the green light and be bleached. 
Since the cyan dye and the yellow dye are still intact and 
the former will absorb red while the latter will absorb 
blue, the net reflection or transmission from the bleached 
layer will be green; again, a direct positive. Finally, in 
the area struck by red light, the cyan dye will absorb this 
radiation and be bleached. The green- and blue-sensitive 
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layers will be unaffected. The magenta dye will absorb 
the green light, the yellow dye will absorb the blue light, 
d t net reflection from the combined three layers will 

C ICC. 

AS indicated above, the three-layer integral tripack de 
picted in FIGURE 1 comprises paper or other suitable 
Substrate 12 Such as glass or plastic, coated with a layer 
of Separating material 14 and then with alternate dye and 
barrier layers. 

Utilizing a System comprising a cyan dye, a magenta 
dye and a yellow dye it was found that the bleaching be 
havior of the magenta dye is greatly improved when it is 
in physical contact with at least one nitrocellulose layer. 
This is in marked contrast with the cyan and yellow dyes 
which do not bleach out satisfactorily when in physical 
contact with a nitrocellulose layer and is evidence that the 
Specific materials are of special importance in this system. 
By Suitable choice of materials, good separation of 

colors, with good adhesion and fiexibility of coatings is 
obtained. A preferred embodiment shown in FIGURE 1 
was prepared as described in the example which follows. 

It is important that the thickness of the dye layer be 
controlled within certain limits since if the layer is too 
thin, the dye does not absorb sufficient light to bleach-out 
properly and if it is too thick too dense an image is ob 
tained. Wet thickness between about 0.0015 and 0.006 
inch, i.e. 1.5 to 6 mils have been found to be particularly 
useful. 

Example I 
A solution was made up consisting of the following: 

Butvar B-76 (polyvinyl butyral) --------- grams-- 30 
Acetone --------------------------------- cc - 85 
Methanol --------------------------------cc.-- 85 
Dibutyl phthalate ---------------------- grams-- 3.0 
A layer 14 of the foregoing 0.003 inch thick (wet thick 

ness) was applied to an 80 gram baryta coated glossy 
paper by means of a Bird film coater. The resulting plas 
tic coated paper was oven dried at 120° F. for two min 
utes, after which the cyan layer 16 was applied to the 
barrier layer 4. 
The cyan layer i6 was laid down from a solution pre 

pared by dissolving 20 mg. of 1,3-diethylthia-4-carbo 
cyanine p-toluene Sulfonate in a mixture of 6 cc. of ace 
tone and 6 cc. of methanol and then adding 1.5 grams of 
pentabromethane (CHBrs) and 24 cc. of the previously 
prepared polyvinyl butyral solution to the dye solution. 
The cyan layer 16 was applied with a Bird film coater, 

in a wet film thickness of 0.003 inch, which was then oven 
dried to 120 F. for two minutes. 
The next layer 18, a clear, colorless composite barrier 

layer was prepared by mixing 19 cc. of a solution con 
sisting of 10 grams of polyvinyl alcohol (Gelvatol 3-60, 
Shawinigan) in 90 cc. of water with 1 cc. of a solution 
consisting of 1.5 cc. of 38% ammonium hydroxide and 30 
grams of a vinyl acetate copolymer (Gelva C-5 V-16R, 
Shawinigan) in 200 cc. of water, and adding about 1 cc. 
of water to lower the viscosity. 

This layer, the preceding layers, and all succeeding 
layers were laid down by the Bird film applicator, in a 
wet thickness of 0.003 inch and then oven dried for be 
tween 1 and 4 minutes as indicated. 
The drying time for the vinyl polymer layer 18 was 

4 minutes, after which a layer 22 of a nitrocellulose lac 
quer was deposited on the dried layer 18. 
The nitrocellulose lacquer was prepared by mixing the 

following: 
Hercules Nitrocellulose RS (5-6 sec.) (35% alco 

hol Wet) --------------------------- gTanlS.-- 
Hercules Nitrocellulose (15-20 sec.) (35% alcohol 
Wet) ------------------------------- gramS.-- 

Ethanol --------------------------------- cc.-- 20 
Dibutyl phthalate --------------------- grams-- 18 
Isopropyl acetate -------------------------cc 710 
Isopropyl alcohol -------------------------cc.-- 194 
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4. 
When the above had completely dissolved, the lacquer 

was diluted with isopropyl acetate (5 grams lacquer to 1 
cc. of isopropyl acetate) to reduce the viscosity to a work 
able system. 

After a layer 22 of the nitrocellulose lacquer was laid 
down by the Bird applicator and oven dried for 1 minute 
at 120° F., a layer 24 containing the magenta dye and the 
sensitizer for the magenta dye was laid down in similar 
fashion. 
The magenta layer 24 was deposited from a Solution 

formulated by dissolving 15 mg. of 1,3-dimethyloxa-2'- 
carbocyanine p-toluene sulfonate in 6 cc. of methanol and 
6 cc. of acetone, and then adding thereto 6 grams of pen 
tabromethane (CHBr3) and 24 cc. of the above described 
polyvinyl butyral solution. 

After oven drying layer 24 for 2 minutes at 120 F., a 
clear colorless composite barrier layer 26 having the Same 
composition as layer 18 (deposited on the cyan layer) was 
laid down on the dried magenta containing layer, and then 
oven dried at 120 F. for 4 minutes. 
A solution of yellow dye was prepared by dissolving 15 

mg. of 5 (3-ethyl-2(3H)-benzoxazolylidene)-ethylidenel 
3-phenyl-2-phenylimino-4-thiazolidone in 10 cc. of toluene 
and 2 cc. of dimethyl formamide. To this, 6 grams of 
pentabromethane (CHBr3) and 24 cc. of a solution con 
sisting of the following: 

Butvar B-76 (polyvinyl butyral) ------- grams--- 30 
Toluene ------------------------------- cC---- 162 
i)imethyl formamide -------------------- cC---- 8 
Dibutyl phthalate --------------------- grams--- 3 

A layer 0.003 inch thick (wet) 28 of thc resulting Solution 
was laid down as before and oven dried at 120 F. for 2 
minutes. 
A final layer 30 of the tripack applied to the dried yel 

low dye layer 28, was composed of the clear colorless 
polyvinyl alcohol, polyvinyl acetate-copolymer contain 
ing solution previously applied to both the cyan and 
magenta layers. After drying this for 4 minutes the film 
was ready for use. 
The resulting film was exposed to illumination from a 

1500 watt projection lamp, passed through either a colored 
subject to be duplicated or through various combinations 
of color filters. Exposure times of 5-25 minutes at 3-5X 
magnification yielded satisfactory prints. 

Fixing may be accomplished by treatment with suitable 
chemicals to leach out or destroy the activity of the poly 
halogenated sensitizer. 

Instead of pentabromethane, other polyhalogenated 
compounds of the type disclosed in the aforementioned 
copending patent applications could be used. These may 
be represented by the general formula R-C-X3, where 
in R represents a monovalent radical selected from the 
group consisting of H; Cl; Br; alkyl; substituted alkyl, 
particularly halogen substituted alkyl; aryl and substituted 
aryl; and each X represents a halogen selected from the 
group consisting of Cl, Br and I, and one or more of the 

In preferred 
sensitizers, the X represents Br and compounds having 
three or more bromine atoms attached to a single carbon 
atom are particularly preferred, e.g. CBra, C2HBrs, 
CHCBrs and the like. 
As described in the above noted applications between 

about 1 and 10,000 parts by weight of halogen containing 
activating agent should be present for each part by weight 
of dye in the dye layers. 
The coating was exposed under a series of Wratten 

filters (cyan, magenta, yellow, blue, green, and red) to the 
light from the Bell and Howell 500-watt projector at 5x 
magnification, for a period of approximately 45 minutes. 
This resulted in clean, white bleachout in the clear areas, 
and excellent color reproductions of each filter. A print 
of an average color transparency at a 3x enlargement 
may be made, using this material, with an exposure of 
about 20-25 minutes. 
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Alternative constituents for the clear colorless resinous 
component of the Substrate, barrier, and top layers are 
polyvinyl butyral, polyvinyl alcohol, modified polyvinyl 
acetate, polyvinyl chloride, acrylic ester, and ethyl cellu 
lose, and other polymer containing only C, H, O and 
halogen and which do not adversely affect the color re 
productions obtained with the bleachout dyes of the type 
exemplified. It will be understood also that other bleach 
out dyes may be substituted for the specific cyan, magenta 
and yellow dyes disclosed in the example without depart 
ing from intended scope of the invention which is not in 
tended to be limited except as required by the appended 
claims. 

I claim: 
1. A photosensitive element consisting of a solid Sup 

port member; a clear, colorless barrier layer deposited on 
said support from a solution; a cyan layer coated on Said 
clear, colorless layer, said cyan layer having been deposit 
ed as a thin layer from a solution comprising a solvent in 
which there are dissolved a binder, a bleachable cyan 
dye and an organic halogen-containing compound selected 
from the group consisting of alkyl and aralkyl compounds 
in which at least three halogen atoms are attached to a 
single carbon atom and in which the halogen atoms are 
selected from the group consisting of Cl, Br and I, from 
which coating the solvent has been eliminated; a first 
photoinsensitive layer of clear, colorless polyvinyl resin 
on said cyan layer; a layer of nitrocellulose lacquer on 
said layer of polyvinyl resin; a magenta layer coated on 
said nitrocellulose lacquer layer, said magenta layer hav 
ing been deposited as a thin layer from a solution compris 
ing a solvent in which there are dissolved a binder, a 
bleachable magenta dye and an organic halogen-contain 
ing compound selected from the group consisting of alkyl 
and aralkyl compounds in which at least three halogen 
atoms are attached to a single carbon atom and in which 
the halogen atoms are selected from the group consisting 
of Cl, Br and I from which layer the solvent has been 
eliminated; a second photoinsensitive layer of clear, color 
less polyvinyl resin deposited on said magenta layer; a 
yellow dye layer coated on said second clear polyvinyl 
resin layer, said yellow dye layer having been deposited 
as a thin layer from a solution comprising a solvent in 
which there are dissolved a binder, a bleachable yellow 
dye, and an organic halogen compound selected from 
the group consisting of alkyl and aralkyl compounds 

O 

15 

25 

30 

40 

45 

6 
in which at least three halogen atoms are attached to a 
single carbon atom and in which the halogen atoms are 
selected from the group consisting of Cl, Br and I and 
superimposed on said yellow dye layer, a layer of clear, 
coiorless polyvinyl resin, there being between about 1 and 
10,000 parts by weight of organic halogen containing 
compound in each of said dye layers for each part of dye 
therein, by weight, each of said dye layers being deposited 
as a wet film having a wet thickness of between about 
0.0015 and 0.006 inch and each of said non-dye layers 
being of such thickness as to prevent diffusion of the con 
stituents from the dye layer on one side of said non-dye 
layer to the dye layer on the opposite side of said non-dye 
layer. 

2. The photosensitive element of claim 1 wherein the 
organic halogen containing compound is selected from the 
group consisting of carbon tetrabromide, pentabromo 
ethane and benzotribiomide. 

3. The photosensitive element of claim 1 wherein the 
binder is polyvinylbutyral, and the bleach-out dyes are 
sensitized by pentabromethane. 

4. The photosensitive element of claim 1 wherein the 
base is paper. 

5. The method of producing a direct-positive non-silver 
colored reproduction of a colored image which comprises 
preparing the photosensitive element of claim 1 and pro 
jecting the colored image to be reproduced onto said 
element. 

6. A photographic element for a non-silver direct posi 
tive dye bleach process in which a colored image is pro 
duced solely and directly as a result of the exposure of 
said element to the projection of a colored image thereon, 
said element consisting of the structure defined in claim 1 
wherein the halogen containing compounds are hydro 
carbon compounds containing at least three bromine atoms 
attached to a single carbon atom. 
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