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‘We, EAsTMAN Kopak CompaNY, a Com-

pany organized under the Laws of the State

of New Jersey, United States of America,
343 State Street, Rochester 4, New York,
United States of Aferica (Assignees of JoHN
Brackmer and Howarp WALTER VogGT) do
hereby declare the invention, for which we
pray that a patent may be granted to us,
and the method by which it is to be per-

formed, to be particularly described in and

by the following statement: —

This inyention relates to photography, and
more particularly to the processing of exposed
sensitive photographic materials particularly
colour photographic films and papers.

- Multi-layer photographic materials used in
colour photography usually contain at "least
three selectively sensitive emulsion layers
coated on one side of a photographic support,
such as film base or paper. One of the
silver halide emulsions is usually sensitised to
the red region of the spectrum, another to
the green and the third to the blue region of
the spectrum. In colour materials for reversal
processing, there is usually a yellow filter
layer between the support and the conventional
uppermost blue-sensitive layer. The red-and

green-sensitive layers generally liec between the

yellow filter layer.and the support. Such
colour materials may be designed for pro-
cessing in. photographic developers containing
a colour coupler or colour-forming compound,
which couples with the oxidation products of

- the colour developer to provide the desire

. -colour image. “Other photographic materials

are designed in such a fashion that the coupler
is. incorporated in the silver halide emulsion

- layer itself, or in alayer contiguous thereto.

Such matenals are well known to those skilled

-in -the art, and it 1s to be understood that

.the present invention is mainly concerned with

P

-colour -photographic materials which
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[Pme 4s; 64

e

COMPLETE SPECIFICATION
Rapid Processing of Exposed Photographic Materials

designed to be processed in colour developers

containing the couplers and with colour

materials which contain the couplers in the
silver halide emulsions, or in layers contiguous
thereto. . Multi-layer . materials of the type
which can be employed in the present inven-
tion have been previously described in the
prior art, such as Specifications Nos. 507,841
and 541,589.

It is known that photographic silver halide
emulsions can be processed at elevated tem~
peratures, thereby materially shortening the
processing time. However, as the temperature
of the processing solutions is raised, the photo-
graphic layers conventionally used suffer the
serious disadvantage of softening, which causes
offsetting of the layers and reticulation from
the supporting surface, such as film or paper.
Attempts have been made to overcome this
softening difficulty by treatment of the photo-
graphic material before processing with an
aqueous solution containing a hardener for
the conventional hydrophilic colloid layers
which generally contain gelatin or some similar
colloidal binder. Aldehydes, such as form-
aldehyde, glyoxal, succinaldehyde, and glutar-
aldehyde, have been proposed for this pur-
pose, but it has been found that even small
amounts of these aldehydes will carry through
into one or more of the colour developers
and react with the colour couplers, so causing
serious difficulties.

‘The present invention enables high tempera-
ture processing of exposed photographic
materials, particularly colour materials, to be
carried out while reducing or avoiding the
difficulties referred to above.

According to the present invention there is
provided a method of processing exposed
sensitive photographic silver halide materials
which comprise a support bearing at least
one layer of a photographic silver halide
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© Crown Copyright 1965,

45

50

55

60

65

70

75

80



b

,781

' - comprises tréating the exposed material with

- the material with ani aqueous solution of an -
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" one of the subsequent pmc&smg baths.

emulsion in a colloidal bmder, whxch method
an aldehyde hardening agent, then- treating

amine compound containing a —NH, group
having attached thereto a
—~—CONH—, —~NH—C(=NH)—, —OH or
—NH, group to rémove substantially all free
aldehyde from the binder, and then treating

the material with an aqueous alkaline photo- -
graphic silver halide developer to develop'a” - -
silver or sllver-plus-dye 1mage in the exposed . -

layer:

By this method, little or no hardenmg agent
is carried through into one of the subsequent
processing baths, such as the colour developer,
where the hardening agent has deleterious side

reactions leading to the formation' of sludge

and scum. Using this technique, it has been

found possible to shorten the processing time '

of a conventional incorporated ‘coupler . film

from approxxmately 52 .minutes by - conven-
“tional processing to about 19° minutes, while

providing quality - substantially - equal to that
obfainable using the longer processing time.

‘The primary amme compound employed .in
the process contains in-‘addition to the —NH,

~ group, a hydroxy group, a carbony! group,-or
* an amino group, which may have a substituent

thereon. . The concentration. of _the .amine
compound in the pre-bath can ‘be. varied, de-
pending upon the amount -of aldehyde which is
found to carry over from the aldehyde harden-
ing bath. - In general, we have found that from
1 grim to 100 grams per. litre of ‘amine

. compound is sufficient to remove -substantially

all traces of aldehyde. from the emulsion
layers, so that aldehyde. is not . released 311_111150

e
amine compounds useful in the present inven-
tion, can be employed in the form of “their
free bases, or they can be employed in the
form of their watér-soluble acid addition salts,
such ‘as the hydrochioride, sulphate or phos-
phate. Amine compounds which-can be use-
fully employed include the followmg

1. H,N—OH -
Hydroxylamine

: :0

iR
HZN NHCNH,
semzcarbazzde

S -3, H,NNH, -
: kyd_mzine__'

S0

: fl.
. H..NNHCNHNH
"arbohydrazqu

—NHCO—,

1.9
5. HzNCNHCNHz R

bzuret
e IHH
6. H,NHNCNH, " ..
. aminoguanidine - - .
e
7. H,NNHCNHCH,
.. methylsemicarbozide . = o

g [(CHa)sNCHgCNHNHz]CI
C . Gzrard’s reagent: -

In prepanng the amme~contamm.g prebath
compositions -useful in the present invention, .
it ‘is the -usual: practice to . dissolve - one of
the "amine: compounds in water, and then

_-adjust the-pH of-the treating solution so that -
a_pH within the range of 4.5 to 8.0 is
obtained. - Improved -reaction of the -amine
compound with the aldehyde contaminants in
the emulsion” layers ' generally . occurs ‘more '
‘rapidly at a pH below 8.0. Higher pH levels ;- - -
can ‘sometimes be used, although prolonged 65 =
‘contact times may be required. in order to
_compensate for the lower rate .of reaction.

The. most.. advantageous -concentration, - of -
amine compound for, a: particular - processing
run can be: détermined by developing a- series
of test. strips of photographlc multi-layer ele-
ments wherein the concentration of: the amine
compound, as well a5 the concentration. of
the aldehyde in the. hardenmg bath; are:varied. .
- The rate of reactmty of the amme-contammg 75.
composition can 'be varied by variation of
the pH as mentioned-above. Advantageously,'
the pH -can_be varied by the addition of an
.alkalme -solution, - such as one containing
sodium carbonate,. potassium carbonate or
sodium hydroxide, or by the. addmon of an
aqueous - acidic solution, such as a Solution of - -~ -
acetic acid, hydrochloric acid or sulphunc' R
acid. If desn‘ed, a buffer; such as sodinm’ ace- . oS
tate, can be ‘added.to. mamtam the pH at a 85
relatively ‘constant: level. -

The - photosensitive layers present in. the'- e

: photcgraphlc material processed according:
the invention can contain ‘any of the: €on
ventional:silver ‘halides as the. photosm;xuve :
material, and it is. to be understood: that the '
present. invention. is not restricted: by. the:
chemical ‘natare . of these ingredients.
halide emulsions, such as silver. chlondefr '
silver bromoiodide;. can ‘be -usefully emplqud
although other _silver halide -emulsions ~ma
be employed with cqual advantage An
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- of the conventxonal photographnc supports such

as glass, paper and cellulose ester film, can

be used to serve as 2 cartier for the sﬂver.

halide films.

“The concentration of aldehyde in the alde-
hyde hardening bath can be varied as desired,
depending upon’ the processing temperature
and other conditions. Sufficient aldehyde is
genérally employed to prevent any substantial
softemng during later treatment with process-
ing baths, any or all of which may be at
elevated temperatures lying between about

85 F. and 150° F. The concentration of
aldehyde will obviously depend upon the
hardening property of the particular aldehyde
employed, since some aldehydes are more
reactive than others with a particular hydro-

philic ' colloid, such as gefatin or polyvinyl

alcohol.

The process of the invention can be used .

in the treatment of photographic colour ele-
ments designed for reversal colour processing,
or in -the processing of negative -colour
materials, or colour print matenals The

essential feature of the invention is the use

of an aqueous solution containing an amine

compound of the above type after treatment
~of the photographic element with an aldehyde

hardening bath, but prior to photographic
development. “This technique avoids substan-
tial carryover of any aldehyde compound into
one of the subsequent treating baths where
jts presence might cause deleterious effects.
Washing -with water . following an aldéhyde
hardening bath does not remove sufficient
aldehyde to prevent the difficulties which have
been mentioned above. However, simple treat-
ment with an aqueous solution of one of
the amine compounds of the invention re-
moves the aldehyde and even reduces the
number of washing steps with water which
have beén previously employed in commercial
processing: of many photographic elements. If
the ‘concerntration of amiine compound is rela-
tively high so that some of this compound
carries over into one of the subsequent treat-
ing baths, this does not cause any serious
difficulties. It has been found that many
of these compounds have useful properties
even in thé subsequent treating baths. For
example, where 20 grams per litre of succin-
aldehyde were employed in a hardening bath

. Wates, 90° F. (32° C) -

to permit high temperature processing, it was
found that the wuseful concentration of
hydroxyldmine (or a salt thereof)  should
be about 50:grams per litre, although higher
amounts had no deleterious effect upon photo-
graphic quality. _
Following treatment of the hardened ele-
ment in the prebath, the material can there-
after be processed in a normal sequence using
convennonal processing solutions and tech-

- niques; or in other cases, the process can be

Sodium hexametaphosphate -

adapted to other processing techniques, such
as_surface-layer processmg of the type des-
cribed in our copending’ Application No.
4861/62 (Serial No -990,183).

The following example ‘illustrates the pre-
sent invention.

ExampLE

A  three-colour-silver bromoiodide film,
wherein gelatin was employed as the hydro-
philic colloid and where cyan, magenta and
yellow colour formers of the type described
in Specification No. 541,589 were respectively
incorporated in the emulsions, was exposed for
1/50 second to a 500-watt wungsten lamp,
adjusted to a colour temperature of 6100° K.,
in an inténsity scale sensitometer. The exposed
strip was then treated for 2 minutes in a
hardenmg bath at 100° F, havmg the follow-
ing composition ;-

Succinildehyde - - - - 10 grams
Sodium acetate - -~ - 10
‘ Wat’ertomake - - - 1 litre -

W1thout any intermediate water wash, the
film was immersed for 30 seconds at 100° F.
in an amine-contsining "bath havmg the
following composition:

05 gram

Sodiutit hexametaphosphate

Hydroxylamme - - .25 .
Sodium bromide - - -, 10 .
Sodium sulphate anhydrous 50 »
Water to make - - 1 litre

The treatéd film was then developed for 3
minutes at 100° F. in a black-and-white
negative: developer, such as one having the
followmg composition:

1.0 lire
20 grams

N-methyl-p-aminophenol sulphate
" Sodium sulphite, desiccated - -
B Hydroqumone -
" . Sodium. carbonate, monohydrate -
Potassium bromide - -~ - -
~ Sodium thiocyanate - -

. 65% aqueous solution of 6—mtrobenzl-

.. -midazole nitrate - -
0.1% aqueous solution of potassmm wduie

6.0

. 50.0

6.0
35.0

20
L5

120 ccs.

»
»
»
»
»
»
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_ At this point it was possible to omit the The film was then washed for 30 seconds
conventional water wash and first-hardener in water-at 100° F. and might then be given
treatment and to proceed with treatment for either a flash exposure to strong white light -
30 seconds in -an- acid rinse bath having the or a chemical exposure in a reducing bath, 15
5 following formula: . ~ such as aqueous alkaline bath containing potas- -
sium. borohydride. : (See. Specification. No.
Acid Rinse . - 904,462) The film was then developed for 3
Water - - -~ 800 mis. ‘minutes. at 1009 F. in a colour developer
Glacial Acetlc Ac:d - 300 having the following formula: . - . 2
-Sodium Hydroxide - = 1.75 grams S o .
10 Waterto~ - - - 1. litre : =
- pHat80°F- - - 38+40
' Water, O° to- 80° F. (21° to 270 C) .10 flitre
Benzy!l alcohol = - LS . 6.0 ccs. g ' : Co
Sodium hexametaphosphate - - =-. = 20 grams =~ o T
Sodium sulphite, desiccated - - - -~ 50 ., . o S
25 Trisodium phospbate - - - - - 400
: Potassium bromide - - - 0.25.
0.1% aqueous solution of potassmm 1od1de - 10.0 ces.
Sodium hydroxnde - - " 6.5 . grams.
4°- amino - N - (8 - methanesulphon- I
30 ~ amidoethyl) - m - tolmdmwesqumxlphate_ - o
: monohydrate = .. - 1133 grams
Ethylenediamine sulphate e '7'.8 w.
Citrazinic acid (2, 6—d1hydroxyxsomcot1mc R '
acidy - - - - 15 »
35 At this pomt is was posszble to omit the Tt was found ‘that - unproved results. were 65
" conventional water wash and second hardener obtained using the .process outlined. above if
treatments. The film was then treated for 30 the concentration of sodium sulphite in the
seconds at 100° F. in an acid rinse bath of negative developer was increased to a level
the type illustrated above. The film was then of ‘about 75 grams per litre instead of the
40 washed for 1 minute in water at 100° F. 50.grams illustrated in the example: "Since 70
and .then:treated for 90 seconds at 100°. F. conventional aldehyde hardenersare eliminated -
in a bleach bath havmg the followmg com- in the process described in the éxample, it
posmon _ was found that undesired sludge .and scum
o : " were easily avoided and that photographlc
- Sodium ferricyanide - - 600 grams quality remained at a high level. Also, since 75
45 Sodium bromide - - 150 , the film processed was hardenéd at the start
Sodium hypophosphate’ of the processing operation, con51derab1y Tess
(I0H0) - - - - 176 -, dirt and suspended -matter were picked up
Sodium hydroxxde - - 35  » from other soluuons, thus makmg it ‘unneces~
Sodium -thiocyanate - - 50 sary to use as many wash baths as would 80
50 Waterto - - - - -1 Ilitre ordinarily be employed in the processing’' of
_ . _ an -unhardened film. Also, since the use of
The film was treated for 1 minute in a fixing a hardened material made possible processing
bath having the following composition: at a much. higher temperature than hormal, P
o _ .. the hydrophilic colloid layers bad much less 8
Water 80° F. (27° C.) - - L0 litre tendency to swell in the processing soluugns R
" Sodium thiosulphate - -~  95.6. grams - and made it possxble to dry and film in about _ L
55 ©  Sodium bisulphite - - 200 1/3 the normal time. The processing time S
. . was only about 19-1/2 minutes as compared i
The film was then washed for 1 minute in with 52-1/2 minutes convenuonal 75° F. 90——- ;
100° F. water and treated for 30 seconds’in 2  processing. AT
smb:hsmg bath havmg the following com- Other amine compmmds can be employedfto - \ e
position: give the same advantages as were obtainéd in - S
o _ the above example, For instance, “instead: of
60  Constituent ~~ Fresh Tank Mix - using hydroxylamine to remove aldehyde from - 93
' Water ' 800 mis.  photographic material hardened in an_alde-
Formalin (37.5% aqueous - . . . hyde bath, carbohydrazide may be used. A
formaldehyde soluuon) 407, typical formula which has been found useful -~
pH o for this purpose is.as follows
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-phenol sulphate) developer.

5 grams
100 »

1 litre

6.0

Carbohydrazide - - -
Sodium sulphate anhydrous
Water to make - - -
pH at 80° K. - .- -

The first developer, i.e. the black-and-white
negative developer, may be a rapid developer,
such as one of the MQ type, i.e. a combination
of hydroguinone and Elon (p-N-methylamino-
“Elon” is a
Registered Trade Mark. Other negative de-
velopers, such as hydroquinone alone, 3-pyra-
zolidone developers, such as 1-phenyl-3-pyra-
zolidone or- 4,4-dimethyl-1-phenyl-3-pyrazo-

. lidone, can also be used, if desired.

In order to effect colour development of
the photographic materials employed in thé
invention, any of the conventional colour-
forming developing agents, whose oxidation
products couple with the conventional photo-
graphic couplers, can be employed. Especially

“useful colour developing agents which can be

employed include aromatic primary amines
containing an amino (substituted or not) or
hydroxyl substituent. The phenylenediamines
and substituted derivatives thereof containing
a primary amino group have been found to
provide excellent results in our invention.
Typical of such colour-forming developers are
the ' sulphonamido-substituted p-phenylenedi-
amines described in Specification No. 651,749
and the substituted p-phenylenediamines des-
cribed in U.S. Patent No. 2,566,271.

When practising the present invention, any
of the conventional couplers as described in
the prior art can be used. Couplers which
are particularly useful in colour developers
include Couplers Nos. 1—64 listed in Speci-

fication No. 898,005. The couplers described

in the same specification as Nos. 65—77 are
useful for inclusion in the photographic silver

halide emulsion layers. Other couplers suit-

able for use in emulsions include those des-
cribed in Specifications Nos. 660,012;
674,161; - 649,660; and 595,314, Other
couplers which can be used in the emulsions
of the present invention include acylamino-
substituted couplers, such as those described
in Specification No. 562,205.

WHAT WE CLAIM IS:—
1. A method of processing exposed sensitive
photographic silver halide materials which

comprise a support bearing at least one layer
of a photographic silver halide emulsion in
a colloidal binder, which method comprises
treating the exposed material with an aldehyde
hardening agent, then treating the material
with an aqueous solution of an amine com-

55

pound containing an -—NH, group having.

attached thereto a —NHCO—, —CONH—,
—~NH—~—C(=NH)—, —OH or —NH, group
to remove substantially all free aldehyde from
the binder, and then treating the material with
an aqueous alkaline photographic silver halide
developer to develop a silver or silver-plus-dye
image in the exposed layer.

‘2. A method as claimed in Claim 1, in
which the sensitive photographic silver halide,
material comprises a support bearing three
silver halide emulsion layers each sensitive
to a different region of the spectrum.

3. A method as claimed in Claim 2, in
which each emulsion layer contains a colour
coupler for the formation of a subtractively
coloured image therein.

4. A method as claimed in Claim 3, in
which, after the treatment with the amine
compound, the material is treated with a
black-and-white developer, then the layers are
individually exposed uniformly and treated
with a colour developer so as to form a sub-
tractively coloured three-colour image in the
material, any or all of the baths after the
treatment with the amine compound being
heated to at least 85° F. to accelerate
processing. '

5. A method as claimed in any preceding
claim, in which the amine compound is any
of those hereinbefore specified.

6. A method as claimed in any preceding
claim, in which the colloidal binder of the
emulsion layer or layers is gelatin.

7. A method as claimed in any preceding
claim, in which the aldehyde is formaldehyde
or succinaldehyde. : _

8. A method as claimed in any preceding
claim in which the solution of the amine
compound is adjusted to a pH of between
4.5 and 8.0.

9. Methods of processing exposed photo-
graphic silver halide materials according to
Claim 1, substantially as herein described.

L. E. T. BRANCH, B.Sc., FR.IC.
Patent Agent.

-"i‘,ehﬂnington Spa: Printed for Her Majesty’s Stationery Office by the Courier Press.—1965.
~Piblished -at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies' may .be obtained.
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Carbohydrazide - - . 5 grams comprise a éuﬁiﬁort bearing at least one layer
Sodium sulphate anhydrous 100 ,, of a photographic silver halide emulsion in
Water to make - - - 1 litre a collcidal binder, which method comprises

pH at 80° F. - - - 6.0

The first developer, i.e. the black-and-white
negative developer, may be a rapid developer,
such as one of the MQ type, i.e. a combination
of hydroquinone and Elon (p-N-methylamino-
phenol sulphate) developer. “Elon™ is a
Registered Trade Mark. Other negative de-
velopers, such as hydroquinone alone, 3-pyra-
zolidone developers, such as 1-phenyl-3-pyra-
zolidone or 4,4-dimethyl-1-phenyl-3-pyrazo-
lidone, can also be used, if desired.

In order o effect colour development of
the photographic materials employed in the
invention, any of the conventional colour-
forming developing agents, whose oxidation
products couple with the conventional photo-
graphic couplers, can be employed. Especially
useful colour developing agents which can bé
employed include aromatic primary amines
containing an amino (substituted or not) or
hydroxyl substituent. The phenylenediamines
and substituted derivatives thereof containing
a primary amino group have been found to
provide excellent results in our invention.
Typical of such colour-forming developers are
the sulphenamido-substituted p-phenylenedi-
amines described in Specification No. 651,749
and the substituted p-phenylenediamines des-
cribed in U.S. Patent No. 2,566,271,

When practising the present invention, any
of the conventional couplers as described in
the prior art can be used. Couplers which
are particularly useful in colour developers
include Couplers Nos. 1-—64 listed in Speci-

fication No. 898,005. The couplers described

in the same specification as Nos. 65—77 are
useful for inclusion in the photographic silver
halide emulsion layers. Other couplers suit-
able for use in emulsions include those des-
cribed in Specifications Nos. 660,012
674,161; 649,660; and 595,314,  Other
couplers which can be used in the emulsions
of the present invention include acylamino-
substituted couplers, such as those described
in Specification No. 562,205.

WHAT WE CLAIM IS:—

1. A method of processing exposed sensitive

photographic silver halide materials which

treating the exposed material with an aldehyde
hardening agent, then treating the material
with an aqueous solution of an amine com-
pound containing an —NH, group having
attached thereto a ~NHCO—, —CONH—,
—NH—(
to remove substantially all free aldehyde from
the binder, and then treating the material with
an aquecus alkaline photographic silver halide
developer to develop a silver or silver-plus-dye
image in the exposed layer.

2. A method as claimed in Claim 1, in
which the sensitive photographic silver halide,
material comprises a support bearing three
silver halide emulsion layers each sensitive
to a different region of the spectrum.

3. A method as claimed m Claim 2, in
which each emulsion layer contains a colour
coupler for the formation of a subtractively
coloured image therein.

4, A method as claimed in Claim 3, in
which, after the treatment with the amine
compound, the material is treated with a
black-and-white developer, then the layers are
individually exposed uniformly and treated
with a colour developer so as to form a sub-
tractively coloured three-colour image in the
material, any or all of the baths after the
treatment with the amine compound being
heated to at least 85° F. to accelerate
processing.

5. A method as claimed in any preceding
claim, in which the amine compound is any
of those hereinbefore specified.

6. A method as claimed in any preceding
claim, in which the colloidal binder of the
emulsion layer or layers is gelatin.

7. A method as claimed in any preceding
claim, in which the aldehyde is formaldehyde
or succinaldehyde.

8. A method as claimed in any preceding
claim in which the solution of the amine
compound is adjusted to a pH of between
4.5 and 8.0.

9. Methods of processing exposed photo-
graphic silver halide materials according to
Claim 1, substantially as herein described.

L. E. T. BRANCH, B.Sc.,, FR.IC.
Patent Agent.

Leamington Spa: Printed for Her Majesty’s Stationery Office by the Courier Press.—1965.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may.be obtained.
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