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This invention relates to color photography'

and particularly to a bleaching method of form-
ing dye images.

It is well known that in the dye bleachmg
method of color photography in which a dye
uniformly dispersed in a photographic emulsion
layer is bleached in the region of a silver image,
& positive image is produced when the layer is
exposed to a positive scene or image. According
to the usual procedure a silver halide layer con-
taining the dye from which the image is pro-
duced is exposed to a positive and developed to
a negative silver image. The layer is then fixed
and the dye bleached in the region of the nega-
tive silver. This leaves a positive dye image.

It is frequently desirable to produce a negative
print or transparency by the dye bleaching
method when printing from a color positive or
a positive color print or transparency when
printing from a color negative. ‘To produce such

print or transparency of color aspect opposite to

the original, by the usual dye bleaching method,
it is necessary to resort to a reversal process.
According to this process the negative silver pro-
duced upon first development must be first- re-
moved and. this step alone is frequently difficult
since the image forming dye must not be de-
stroyed in the operation. It is then necessary
to convert the residual silver halide -fo metallic
silver to form the agent which determines the
bleaching of the dye. This procedure requires

a great number of steps.and introduces difficulties '

in the choice of baths suitable for rémoval of
the silver.

It is therefore an obJect of the present inven-
tion to provide a dye bleaching process of color
photography in which a negative color image is
produced from a positive original or a positive
color image is produced from a negative color
original. A further object is to provide a method
for the production of a natural color positive
image- by the dye bleach method.

These objects are accomplished by exposing a
silver halide layer containing a uniform disper-
sion of an image-forming dye, developing it, re-
moving the metallic silver and bléaching the dye
in the regions of the residual silver halide. This
method avoids the separate step of converting
the residual silver halide tc metallic silver to
form the agent which determines the regions in
which the dye is bleached.

My process is applicable to multi-layer films
as well as single layer films and is particularly
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from color negatives consisting of dye images.
For example, a film exposed to a color negative

"~ or successively to' color separation negatives
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through suitable filters is processed by the fol-
lowing steps.

. Develop

. Treat in acid stop bath

Wash

. Remove first-developed silver with potassium

bichromate and sulfuric acid

. Wash

. Treat in sodium bisulfite solution

Wash .

. Bleach dye with sodium stannite.

. Clear with sodium citrate and citric acid

. Remove silver with potassium bichromate
and sulfuric acid or cupnc chloride fol-
lowed by hypo

11. Wash

‘One of the features essential to the operation
of my process is a method for bleaching the dye
in the presence of silver halide rather than
metallic silver. A method for accomplishing this
bleaching of the dye is described in the copend-
ing application of Ehrenfried, Serial No. 360,622,
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_filed October 10, 1940. According to the method

described in that application, certain azo dyes
may be bleached in the region of a silver halide
image by treatment in sodium stannite. During
the bleaching operation the silver halide is con-
verted to metallic silver and the silver formed
in this way must be removed at the end of the

. bleaching operation in order to produce a.clear .
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and transparent dye image. This removal of the
silver, however, adds no additional steps to the
normal process, since silver bleaching and fixing
steps are necessary even in the case of bleaching

in the presence of metallic silver.

The following example illustrates a multi-layer
film which is suitable for processing according to
my invention.

On a support of cellulose ester, glass, paper,
synthetic resin or other suifable material, there
are coated gelatino silver halide layers sensitive
respectively to the red, green and blue regions of
the spectrum. The red-sensitive layer is nor-
mally coated next to the support and the blue-
sensitive layer outermost. Between the  blue-
sensitive and green-sensitive layers there is pref-
erably coated a yellow filter layer such as a re-

_movable dye or a layer of colloidal silver.

suitable for making prints from motion picture
color separation negatives_with silver images or §8 acetanilide and coupling it in acid solution with

The red-sensitive layer has incorporated there--
in a cyan dye made by diazotizing p-amino-
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ethoxy Cleve’s beta acid (1-naphthylamine-2-
ethoxy-6-sulfonic acid), again diazotizing and
coupling in alkaline solution with p-amino-
benzoyl gamma acid 2(p-aminobenzoylamino) 8-
naphthol-6-sulfonic acid. 'This dye has the fol-
lowing structural formula:

: "0 CsHs OH
OH—C 0——NH—C>—N=N N=N
NaSC: . NaSOs

The green-sensitive layer is colored with the
dye formed by diazotizing 4,4’-diamino-3,3',6,6’-
tetramethyltriphenylmethane -and- coupling it in
alkaline solution with two moles of heptoyl H
acid (1 - heptoyl amino - 8 < naphthol - 3,6-disul-
fonic acid). This dye¢ has the following struc-
ture: : :

OH NH—-C (CH:);CH: ’

g Hs Na8 Oms OsNa -

HC
o

T | ]
CH: oH NH——!)(CH:)aCBa

N=N-

CH;s NaSO 0O3Na

The unsensitized layer is colored with the dye
made by tetrazotizing 4,4’ - diaminostilbene-2,2’~
disulfonic acid and coupling it in alkaline solution
with two moles of phenol and forming the di-n-
propyl ether of the product. This dye has the
following structure:

8 0:Na

CHQ(CM_OOHQ

An alternative dye for the unser sitized layer
- is the following:

The dye formed by diazotizing 2(p-amino-
benzoylamino) naphthalene-6,8-disulfonic acid,
coupling it in acid solution with m-phenetidine,
and treating the resulting product with phosgene
to form the urea dye. This dye has the follow-
ing structure:.

CH=CH

SO:Na | o OCH;
H |
-N-C NH
NaSO l
. =0
80;Na 0 CsH;

NH

Lo}
-N-C
. NaSO

An alternative dye for the red sensitive layer is
the following:

The cyan dye formed by diazotizing metanilic
acid, coupling it in acid solution with 1-naphthyl-
amine-7-sulfonic acid, diazotizing and coupling in
acid solution with ethoxy Cleve’s (1,6) acid (1
napthylamine - 2 - ethoxy - 6-sulfonic acid), and
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coupling in alkaline solution with the product of
-the reaction of diazotized metanille acid coupled
in acid solution with J acid (2,-amino-5-naph-
thol-7-sulfonic acid).

5 The following processing procedure is suitable
for the multi-layer element described above.

(o] . :
T |
-N—C NH

After exposure, the element is developed in the -

15
following solution:
p-Monomethyl-aminophenol sulfate_grams__ 1
Sodium sulfite (desiccated) _.________ do____ 175
20 Hydroquinone.. ..o ccce oo do.... 9
Sodium carbonate (desiccated) ._____ do..._ 25
Potassium bromide do-—.. 5
Ammonium thiocyanate. ... ____ do.._. 1
Water to liter, 1
25 . ’ :
. The element is then treated in a stop bath con-
taining 33 cc. per liter glacial acetic acid, washed
and the silver is removed in the following bath:
30 Potassium bichromate.____________ grams_.. 2.5
Sulfuric acid-_. 'wCC. 5
Water to_ — liter__. 1

The element is then treated in 200 grams per

35 liter sodium bisulfite solution and washed. The

dye is then bleached in the region of the residual

~ silver halide by treatment for about five minutes
in the following bath:

40 Stannous chloride_ .. __ grams.... 40
Sodium hydroxide ... _____________ do.... 46
Triethanolamine__.____.__________.______ CC.... 50
Water 0o liter... 1

§0:Na ’

O—N:NO—O—(CH:)zCH@

The silver is then bleached to silver halide in

50 the following bath:
Cupric chloride_ . ________________ grams_. 100
Hydrochloric acid_____________ e cc.- 25
Water to_ . __ liter.. 1

55
This is followed immed1ately by the following
silver halide removal bath:

Hypo- : e grams... 240
Sodium sulfite (desiceated) - _____ do_... 15
60 Acetic acid (28% ) ________ e ce__ 48
Sodium metaborate________________ grams_.. 15
Potassium alum..._ . _____________.__ do_.._ 15°
Water to _______ liter.. 1
65 With certain image-forming dyes it is some-

times advantageous to treat the element in a
clearing bath before and after the dye bleach. A
clearing bath of the following composition used
for five minutes before bleaching in order to re-—

7o move calcium salts which affected bleaching of
certain dyes is suitable:

Sodium benzoate.___._____________ grams_. 1.2

Sodium citrate..____._______________ do-_.._ 30
75 Citrie acid—— . ___________________ do.___ 20

Water 0. e liter._ 1
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The following clearing bath used for fifieen
minutes after bleaching removes reduction prod-
ucts of certain dyes and prevents their reoxida-
tion to produce stain,

Sodium citrate grams.. 30
Sodium sulfite____ do. 30
Citric acid.. do. 20
Water to —— liter_. 1

My invention is susceptible of the modifications
falling within the scope of the appended claims.

Iclaim:

1. The method of producing a reversed dye im-
age in a photographic silver halide layer contain-
ing a uniform dispersion of an azo dye, which com-
prises exposing said layer, developing a silver im-
age therein, removing said silver image without
affecting .the residual. silver halide, and then
bleaching the dye in the region of the residual
silver halide in a bleach bath comprising a stan-
nite of an alkali metal. )

2. The method of producing a positive dye im-~
age in a photographic silver halide layer con-
taining a uniform dispersion of an azo dye, which
comprises exposing said layer to a negative im-

age, developing & silver image therein, removing’
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said silver image without affecting the residual
silver halide, and then bleaching the dye in the
region of the residual silver halide in a bleach
bath comprising a stannite of an alkali metal.

3. The method of producing a positive dye im-
age in a photographic silver halide layer con-
taining & uniform dispersion of an azo dye, which
comprises exposing said layer to a negative im-
age, developing & silver image therein, removing
sald silver image in an acid bichromate bath
without affecting the residual silver halide, and
then bleaching the dye in the region of the re-
sidual silver halide in a bleach bath comprising a
stannite of an alkali metal.

4. The method of forming a natural-color
photographic image in a multi-layer element
having at least one gelatino-silver halide layer
containing a uniform dispersion of an azo dye,
which comprises exposing said element to a color
negative, developing a silver image therein, re-
moving said silver images without affecting the
residual silver halide, and then bleaching the dye
in the regions of the residual silver halide in o
bleach bath comprising a stannite of an alkali
metal. '

ROBERT A. MORRIS.




