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This invention relates to photographic harden-
ing baths and particularly to baths of use in color
photography for hardening and preventing the
staining of gelatin emulsion layers.

In processing color films having gelatin emul-
sion layers by means of color-forming develop~
ment methods, it is usually desirable at some

. stage in the process to harden the emulsion lay-
ers of the film. For instance, in the color proc-
ess disclosed in the prior U. S. Patenft No. 2,252,-
718, granted August 19, 1941, to Mannes et al,, it
is convenient to harden the emulsion layers fol-
lowing color-forming development and prior fo
removal of the silver images with ferricyanide
and hypo solutions. I have found that the usual
hardening solutions used for this purpose have a
deleterious effect upon the dye images which may
be traced to the presence of sulfite in the harden-
ing bath.
from coupler compounds giving azomethine, in-

. doaniline and indophenol dyes are particularly
susceptible to attack by sulfite and the effect pro-
duced is g destruction of a portion of the dye

It appears that dye images formed -
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for oxidation to stain in the subsequent treatment
with oxidizing solutions if the hardening bath is
acid.

It is, therefore, one object of my invention to
provide emulsion hardening baths having no dele-
terious effect upon color developed dye images
and which will prevent the formation of stain.

Another object is to describe color processes
in which the hardening and stain preventing
baths of my invention are particularly useful.
Other objects will appear hereinafter.

The following example will illustrate a typical

hardening bath contemplated by my invention.
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image and rendering the remaining dye image -

unstable. Similarly, in processing color films
-having coupler compounds incorporated in the
emulsion layers, constructed, for example, as

described in Jelly and Vittum U. S. Patent 2,322,- -
027, granted June 15; 1943, Mannes et al., U. S. -

Patents 2,304,939 and 2,304,940, granfed Decem-
ber 15, 1942, it is desirable to harden the emulsion
‘layers subsequent to color-forming development
and prior to removal of silver from the films.
With these films the presence of sulfite in the
hardening bath adversely affects the dye imacges
as described.

In processing the above films it is also observed
that there is a tendency for stain to be produced
in the emulsion layers when the color-developed
films are treated with ferricyanide or other ox-
idizing solutions used for fhe removal of silver
from the layers. It is believed that this stain re-
sults from the oxidation of traces of the color-
forming development compounds retained in the
layers following color-forming development.

I have found that by the addition of acid to
the hardening bath used prior to treatment of

the above fllms with oxidizing solutions for the.

removal of silver, stain may be reduced. . The acid
apparently removes from the solution layer any
color-forming developer compound extracted
from the developer by the emulsion layers.
Therefore, no developer compound is available
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Ezxample

Sodium acetate__. grams_.. 15.0

Acetic acid (28 per cent) cC.- 47.0
Boric acid_.-__ grams.- 7.5
Potassium alum. do 15.0

cc-~ 1000.0

As shown, the baths of my invention may contain
& buffer compound, an organic acid, a gelatin
hardening agent and boric acid. Instead of the
particular buffer compound shown in the exam-
ple, one may use other compounds of similar ac-
tivity such as citrate, borate, ete. Similarly, other
organic acids and gelatin hardening agents.such
as chrome alum may be used in the formula. Itis
not necessary that the formula contain boric
acid; however, the compound may be used where

- accelerated hardening is desired.

- I will now describe a color- process in which
a bath of my invention is especially useful. A
color film carrying sensitive emulsion layers con-
taining coupler compounds and, if desired, crys-

talloidal materials as described in the Jelly and
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Vittum - application above-mentioned, and in
which the coupler compound for forming & cyan:
image in the red sensitive emulsion layer is, for
example, an acyl-o-aminophenol, such as acet-
amino phenol, is exposed in the usual manner
to g colored scene. Following exposure the film
is developed in a color developer of the following

composition:
2-amino-5-diethylamino toluene '

HCl e grams.._. 2
Sodium sulfite do__.. 2
Sodium carbonate. . _____ do._.. 20
Potassium bromide___ ... do___. 2
Water t0_ e ce-- 1000

Cyan, magenta and yellbw dye images are thus
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developed in the respective emulsion layers. It is
found that if the emulsion layers of the developed
film gre now hardened in a hardening bath of
composition shown in the above example prior
to removal of silver from the layers, the dye im-
ages are not affected and any ceclor-forming de-
veloper compound in the layers will be removed;
otherwise, a hardening bath, containing sulfite
especially if applied prior to removal of silver will
adversely affect the dye images, After harden-
ing the emulsions the film is treated with ferri-
cyanide and hypo solutions to remove silver and
any silver halide-in the layers. Color negatives
thus produced may be printed onto a similarly
constructed color film or paper having coupler
compounds incorporated in the emulsion layers,
and the exposed photographic elements then de-
veloped with a color-forming developer of the
above composition to form subtractive dye images
in the respective emulsion layers. Then, in the
manner of my invention, the emulsion layers are
hardened with & hardening bath such as shown
in the above example followed by removal of sil-
ver and silver halide from the element. A multi-
color image which is & positive in respect to the
original scene is thus obtained.

A color film constructed as described in the
Mannes et al. U. S. Patents 2,304,939 and 2,304,940
above-cited may be processed in a sumilar man-
ner to give a color negative which may be printed
onto a similarly constructed positive color film
and processed a&s descrived to a color positive us-

ing the hardening bath before removal of silver

and silver halidz.

A film constructed as described in the above
Mannes €t al. U. S. Patent No. 2,252,718 is proc-
essed as described therein using g hardening bath
according to my invention as follows: affer ex-
posure, negative development, and reversal ex-
pasure and color-forming development of the
respective emulsion layers, the film is treated
with a hardening bath compounded as described
under -the above example, followed by removal
of the silver images and silver halide using ferri-
cyanide and hypo solutions. The hardening bath
functions as above-described to harden the emul-

sion layers and to remove.color-forming developer .

compound from the emulsion layers.

Color films containing coupler compounds and,
if desired, erystalloidal or porosity modifying ma-
terials as described in the Jelly and Vittum Pat-

“ent 2,322,027, and Mannes et al. Patents 2,304,939
and 2,304,940 above, may also be processed by the
reversal process of color photography as follows
using a hardening bath according to my inven-
tion: after exposure of the film it is developed
to a black-and-white negative in MQ developer,
and then the emulsion layers are selectively re-
exposed and color developed to produce subtrac-
tive dye images in the layers. Following this, &
hardemng bath .of composition, such as shown

. in the above example, is used to harden the emul-
sion layers and to remove any developer com-
pound in the layers. Film js then. treated with
ferricyanide and hypo solutions to remove silver
and any silver halide in the layers.

As I have mentioned, the dye images which
are most adversely affected by sulfite in & harden-
ing bath are those formed from coupler com-
pounds yielding azomethine, indophenol and
indoaniline dyes with. color-forming developers.
Other coupler compounds giving dye images espe-
cially susceptible to sulfife which dye images

should be treated with a hardening bath accord-
ing to my invention are, for example:

OH

om
5 QNH—C 0—(CHs)s—C O—NHO

Sebacic acid di-(2-hydroxy anilide)

Al —

15 2-hydroxy-4'-(3-phenoxy benzamido)-diphenyl

(I)H
. —CO—-N—(CH;)
20 O

1-hydroxy-2-(N-v-phenyl-propyl-N-phenyl)-naphthamide
25 )
CiHs

O'—sor—@—cocmcxv
30

N-n-butyl-2-cyanoacetylnaphthalene-7-sulfanilide
CsHu

]
C—COCH:CN
o7

N-n-amyl-2<:yanoacétyl_coumarone-5-(p-tert-amyl-sulmnﬂide

10

CO-CHy-CO-NH
40 so,—o-cmcm—o-@-o(ca;)a

p-tert-butyl phenoxyethyl-p-benzoyl acetamincbenzene sulfonate

It is apparent that thes above description is
45 merely illustrative of the various means of accom-
plishing the objects of my invention and it is to
be understood that the disclosure herein is by way
of example and that I consider as included in my
invention all modifications and equivalents fall-
50 ing within the scope of the appended clajms.
: What I -claim is:

1. In color photography, the method ot proc-
essing a light-sensitive silver -halide gelatin
emulsion layer which comprises exposing saic

s5 layer, developing & dye image in said layer by
means of color-forming development, prior to
treatment with solutions removing silver from
the layer treating said emulsion layer contain-
" ing a dye image with a hardening bath free of
so sulfite comprising & photographic gelatin hard-
ening agent, s buffer compound and an organic
acid whereby the emulsion layer is hardened and
any color-forming developer compound in the
layer is removed without affecting the dye image,
65 and removing the silver and any residual silver
halide from the layer.

2. In color photography, the method of proc-
essing a light-sensitive silver halide gelatin
emulsion layer which comprises exposing said

70 layer, developing a dye image in said layer by
means of color-forming development, prior to
treatment with solutions removing silver from
the layer treating said emulsion layer containing
a dye image with & hardening bath free of sul-.

75 fite eomprixlng alum, sodium secetate, acetic acid,



2,367,548

and boric acid whereby the emulsion layer is
hardened and any color-forming developer com-
pound in the layer is removed without affecting
the dye image, and removing the silver and any
residual silver halide from the layer.

3. In color photography, the method of proc-
essing a light-sensitive: silver halide gelatin
emulsion layer contzining a coupler compound
which comprises exposing said layer, develop-
ing a dye image in said layer by means of color-
forming development, prior to treatment with
solutions removing silver from the layer, treat-
ing said layer containing a dye image with a
hardening hath free of sulfite comprising a pho-
tographic gelatin hardening agent, a buffer com-
pound and an organic acid whereby the emulsion
layer is hardened and any color-forming de-
veloper compound in the layer is removed with-
out affecting the dye image, and removing the
silver and any residual s11ver halide from the
layer.

4. In color photography, the method of proc-

“essing a light-sensitive silver halide gelatin
emulsion layer which comprises exposing said

layer, developing a silver image in the exposed-

layer, exposing the unexposed silver halide in
the layer, forming a dye image in the exposed
layer by means of. color-forming development,
treating the layer with a hardening bath free of
sulfite comprising a hardening agent for gelatin,
a buffer compound and an organic acid whereby
the layer is hardened and any color-forming
developer compound in the layer is removed
without affecting the dye image, and removing
the silver and any re51dual silver halide from
the layer.

5. The process accordmg to claim 4 wherein
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the hardening bath comprises alum, sodium
acetate, acetic acid and boric acid.

6. In color photography, the method of proc-
essing a -light-sensitive silver halide gelatin
emulsion layer eontaining a-coupler compound
‘which comprises exposing said layer, developmg_,
a silver image in the exposed layer, éxposing the
unexposed silver halide in the layer forming a.
dye image in the exposed layer by means of
color-forming development, treating the layer
with a hardening bath free of sulfite comprising
a hardening agent for gelatin, a buffer compound
and an organic acid whereby the layer is hard-
ened and any color-forming developer compound
in the layer is removed without affecting the
dye image, and removing the silver and any
residual silver halide from the layer. *

7. The process according to claim 6 wherein -
the hardening bath comprises alum, sodium
acetate, acetic acid and boric acid.

8. The method of hardening a gelatin emulsion
layer containing silver and a color-developed dye -

‘image, and removing any developing agent pres-

ent in the layer, which comprises treating said
layer after color-forming development and prior
to fixing, with a sulfite-free bath comprising es-
sentially a gelatin hardening agent, an organic
acid, and a buffer compound. )

9. The method of hardening a gelatin emulsion
layer containing silver and a color-developed dye
imsage, and removing any developing agent pres-
ent in the layer, which comprises ireafing said

layer after color-forming development ang prior

to fixing, with a sulfite-free bath comprising es-
sentially alum, acetic acid, and sodium acetate.
PAUL W. VITTUM.




