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[57} ABSTRACT 

: The incorporation of bromate ion into photographic 
bleach compositions which include trivalent iron com 
plexes of aminopolycarboxylic acid as the bleaching 
agent inhibits the formation of Ieuco cyan dyes when 
these bleaches are used in the processing of incorpoi 
rated coupler reversal emulsions. 

1'2 Claims, 1 Drawing Figure 
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PHOTOGRAPIIIC BLEACH COMPOSITIONS 

This invention relates in general't'o photographic pro 
cessing and in particular to bleach solutions which in 
clude bromate ion. ' 

BACKGROUND OF THE INVENTION: 

U. S. Patent Application Ser. No. 228,386 ?led Feb. 
22, 1972 and entitled “Photographic Bleach Composi 
tions” describes novel bleach compositions comprising 
as the bleaching agent a trivalent iron complex of an 
aminopolycarboxylicacid and halide ion as a silver sol 
vent which hastens conversion of voxidized silver to sil 
ver halide thereby facilitating recovery of the silver 
using electrolytic techniques by making the silver avail 
able for complexing with a ?xing agent in a subsequent 
?xing bath which is free of iron. The iron present in" a . , 
combined bleach and ?x bath apparently hinders the 
recovery of silver from the spent ?xing solution when 
electrolytic techniques are used. _ 
Bleach baths of the foregoing type are extremely use 

ful and permit exceptionally high yields of recovered 

_20 

2 
vention, the bleach composition includes between 
about 8 and 30 grams per liter of sodium bromate. The 
pH of ‘the bleach solution should be maintained be 
tween about 2 and 8 preferably between about 4 and 
76.5 and ideally at a level of 5 i- .5. 

The trivalent iron salts of the following aminopoly 
carboxylic acids are representative of those useful in 
the bleach solutions containing iodide or bromide salts,‘ 

nitrilotriacetic acid, 
ethylenediamine tetraacetic acid, 
ethyliminodipropionic acid, 
diethylenetriamine pentaacetic acid, 
ortho-diamine cyclohexane tetraacetic acid, 
ethylene glycol bis(aminoethyl ether) tetraacetic 

acid, 
diaminopropanol tetraacetic acid, 
N-(2-hydroxyethyl)ethylenediam-ine triacetic acid, 
and the like. I ‘ 4 

British Pat. No. 1,200,188 may be referred to for addi 
tional aminopolycarboxylic acids useful in the process‘ 
of the invention. The ferric salts'of aminopolycarboxy 

' lic acids utilized in the practice of this'invention may 
silver, however, they do possess one rather significant . ‘ 
drawback which may be signi?cant in the machine pro 
cessing of incorporated coupler reversal products. This 
drawback is that these bleaching agents tend to form 
leuco cyandyes in these materials. These leuco dyes 
can be oxidized back to photographic dyes, however, 
this procedure requires an extended bleaching treat 
ment of the type which cannot readily be achieved 
under the stringent limitations of time present in a ma 
chine process. I 

BRIEF DESCRIPTION OF THE INVENTION: 

It has now beenjdiscovered that the‘incorporation of 
bromate ion as an alkali metal or vammoniumvbromate 
salt into bleaches containing ferric complexes ‘of 
aminopolycarboxylic acids eliminates the problem of 
leuco dye formation by causing oxidation of the leuco 
dye to photographic dye'within the time generally re 
quired for bleaching. . - 

DETAILEDDESCRIPTION OF THE INVENTION: 
As described brie?y above, bleach compositions 

com~prising from about 10 to about 400~grams per liter 
of a ferric complex of an aminopolycarboxylic acid and 
ammonium or alkali metal bromide or iodide salts and 
mixtures of same provide useful bleaches for incorpo 
rated coupler color reversal emulsions. The lower limit 
of complex concentration will depend to 'a great extent 
on the concentrationof silver in the photographic ele 
ment. Generally, such bleach compositions include 
from about 50 to about 350 grams per liter of an alkali 
metal or ammonium bromide or from about 1 upv to 
about 350 grams per liter of alkali metal or ammonium 
iodide. As should be obvious, however, mixtures of 
bromide and iodide salts may also be used to achieve 
suitable results in the application of these solu-tions to 
‘speci?c incorporated coupler reversal photographic 
materials. According to the present invention the prob 
lem of incipient leuco dye formation which can occur 
with the use of these bleaches in machine processing or 
where only brief bleaching periods on the order of less 
than about three minutes are available can'be elimi 
nated by including in the bleach from about 5 to about 
50 grams per liter of alkali metal or ammonium bro 

~ mate. According to a preferred embodiment of the in 
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be salts in which all cations are the ferric ion or salts in 
which one or, more of the carboxyl groups have formed 
a salt with a cation other than iron, e.g'. with ammonia 
or'with an alkali metal ion as in an ammonium ferric 
ethylenediamine tetraacetate or a sodium ferric ethy-' 
lenediamine tetraacetate. The bleach may also contain 
a non-chelated salt of an aminopolycarboxylic acid, 
e.g. the tetra sodium salt of ethylenediamine tetraacetic 
acid, in addition to the ferric salt. , 
As is well known, the ferric complexes of these acids 

are generally supplied inthe form of alkali metal or am- - 
monium salts, e.g. sodium ferric ethylenediamine tetra 
acetic acid, ammonium ferric ethylenediamine tetra 
acetic acid, etc. Speci?cally preferred among these ma¢ 
terials as the bleaching agent is ammonium’ ferric ethyl- ‘ 
enediaminetetraacetic acid which has been found par 
ticularly useful in these formulations. I 
vWhile the above described silver vbleach solutions 

comprise the iron salt silver bleaching agents, the io 
dide or bromide salts and the bromate salts, the bleach 
formulations ofthe invention may also include other 
addenda which do not materiallyalter the fundamental 

, silver bleaching and leuco dye conversion activities of 
the formulations. For example, compounds suchas un 
complexed aminopolycarboxylic acid, sulfites, bisul 
?tes, acids (especially I-IBr) or buffers (especially so 
dium acetate) (for pH control) etc. may be present. 
The concentration of the ferric aminopolycarboxylic 
acid salts should be such that bleaching proceeds rela 
tively fast. About 10-400 grams/liter of the ferric salt ' ' 
are useful. Unexpectedly, beyond about 400 grams/ 
liter level, the bleaching rate decreases and recovery of 
silver from the subsequent ?xing treatment diminishes 
substantially. At ferric salt concentrations below about 
10 grams bleaching rates are extremely slow. 
The bromide or iodide salt may be provided in the 

form of either the alkali metal or ammonium salt and 
is used in concentrations of from about 50-350 grams 

‘of bromide salt and about 1-350‘grams of iodide salt 
per liter. 
According to a preferred embodiment of the present 

invention from about 50 to about 300 grams/liter of 
bromide or iodide are used. An alternative embodi~ 
ment which has also been found useful utilizes a bleach 
which includes from about 50 to about 300 grams/liter 
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bromide salt and from about 1 to about 20 grams/liter 
of iodide salt. , 

The bromate may be supplied in any convenient salt 
form, i.e., as the alkali metal or ammonium salt, how 
ever, for reasons of solubility sodium bromate has been 
found to be a particularly convenient and compatible 
source of this component. 
As is demonstrated below, the pH of the bleach solu 

tion can be of critical importance insofar as the stability 
of the solution is concerned. Thus, although useful ble 
ach solutions can be obtained‘ when the pH is main 
tained at between about 2.0 and 8.0, it is generally pre- 

10 

ferred to maintain the pH of the bleach at about 4 to " 
6.5. Optimum results are achieved at a pH of 5 i .5. At 
this last pH the stability of the bromate is increased 
considerably thereby increasing the useful life of the 
bleachuAtpl-lwlevels below about 2__ Quantities of nox 
ious gas are generally produced. At pH levels above 
about 8,.stlb-stantially r19, lzlsichinspséurs 
The color processes with which the ferric salt bleach 

ing solutions are used include the well-known reversal 
subtractivecolor processes wherein multilayer color 
?lms and papers having coupler compounds in the 
emulsion layers are first developed with a black and 
white developer to form negative silver images in the 
layers. The ?lm is then generally developed with a p 
phenylenediamine type of color developer containing 
a nucleating agent such as an amine borane compound 
to form positive silver and dye images in the layers. 
Flash reversal exposure may of course also be used. 
Thereafter, the bleach solution of the invention is em 
ployed to form a silver salt soluble in ?xing solution. 
The ?lm may be washed and/or may not, then ?xed 
with thiosulfate ?xing solution. As mentioned above, 
the silver can be readily recovered from the ?xing solu 
tion by' electrolytic means. The bleach solutions con 
taining the iron complexes can also be used in process 
ing the color ?lms to color negatives". In'this case, the 
exposed ?lms are developed only in the color devel 
oper followed by the bleach solution of the invention 
and thiosulfate ?xing solution to remove all silver from 
the film. 
The following examples will serve to illustrate the in 

vention. 

An incorporated coupler multilayer color film is pro 
vided comprising red, green and blue sensiti'vegelatin 
silver halide emulsion layers on a support, a yellow ?l 
ter being coated between the blue and green sensitive 
emulsion layers. The emulsion layers'contain reactive 
methylene and phenolic coupler compounds reactive 
with p-phenylenediamine developing agents to form 
dyes of colors complementary to the sensitivity of the 
respective layers. The ?lm is exposed and-processed in 
sheet or roll form in a roller transport system such as 
shown in Holley et al, Canadian Pat. No. 862,082 of 
Jan. 26, 1971 at 85° F using the following steps: 

Prehardener-3 minutes 

p-Toluene sul?nic acid (Na salt) 0.5 g. 
sulfuric acid (18 N) 5.41 ml. 
2,5-dimethoxytetrahydrofuran 4.30 ml. 
sodium sulfate, anhyd. 147.0 g. 
sodium bromide, anhyd. 2.0 g‘. 
sodium acetate, anh d. 20.0 g. 
formaldehyde (37.5 ) 27.0 ml. 
n-methylbenzothiazolium p-toluene 
aulfonatc 0.04 g 
water to I liter 
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Neutralizer — 1 minute 

Hydroxylamine sulfate 18.0 g. 
sodium bromide, anhyd. 17.0 g. 
glacial acetic acid ' 10.0 ml. 
sodium hydroxide 6.8 g. 
sodium sulfate, anhyd. 50.0 g. 
water to 1 liter 

First Developer —- 7 minutes 

sodium tetraphosphate 2.0 g. 
n-methyl-p-aminophenol sulfate 5.0 g. 
sodium sul?te, anhydrous . 39.0'g. 
hydroquinone 6.0 g. 
sodium carbonate, monohydrate 24.0 g. 
potassium bromide 1.5 g 
sodium thiocyanate 1.32 g 
0.1% solution of potassium iodide 9.0 cc 
water to l liter 

First Stop — 2 minutes 

sodium hydroxide 1.75 g. - 
acetic acid, glacial 30.0 ml. 
water to 1 liter . 

Wash — 4 minutes 

Color Developer — 15 minutes 

benzyl alcohol ' 3.1 cc. 
sodium tetraphosphate 5.0 g. 
sodium sul?te, anhydrous 7.6 g. 
trisodium phosphate —- 12 B20 36.0 g. 
potassium bromide 0.8 g. 
0.1% solution of potassium iodide 28.0 cc. 
sodium hydroxide 2.0 g. 
4-arnino~N-ethyl-N-[B-methanesulfon 
amidoethyll-m-toluidine sesquisul 
fate monohydrate lO.5 g. 
ethylenediamine‘ 3.0 g, 
citrazinic acid 1.35 g. 
t-butylaminc borane 0.07 g. 
water to 1 liter 

Second Stop * 2 minutes 

sodium hydroxide , 1.75 g.‘ 
acetic acid, glacial 30.0 ml. 
water to 1 liter 

Wash — 3 minutes 

Bleach — 5 minutes 

potassium ferricyanide 165.0 g. 
sodium bromide 43.0 g. 
water to 1 liter 
pH 8.70 t 0.15 (adjusted with NaOH or 
H,SO4) 

Fix — 6 minutes 

sodium thiosulfate (anhyd.) 94.5 g. 
sodium bisul?te (anhyd.) 17.6 g. 
disodium phosphate (anhyd.) 15.0 g. 
disodium salt of ethylenediaminetetraacetic 

acid 0.5 g 
water to 1 liter 
adjust to pH 5.9 

Wash — 6 minutes 

Stabilizing Bat-h — 1 minute 

polyoxyethylene ether alcohol 
(Col. 1 US. Pat. No. 3,369,896) O.l5 ml. 
formaldehyde (37.5%) 6.0 ml. 
water to l liter 

The results of red density measurements performed 
on the processed ?lm are shown in the FIGURE and 
described below. 1 

EXAMPLE 2 
An identical color reversal material was exposed and 

treated as described in Example 1 except that the com 
position of the bleach was as follows: 



.5. 
Ammonium‘ferric ethylenediamine 

tetraacetate (58%) 300 ml. 
Ammonium bromide ' 300 g. 
water to 1 liter 
pH 5.8 - 6.0 (adjusted with acetic acid) ‘ 

The results of red density ‘measurements to show 
leuco dye formation are shown in the FIGURE and de 
scribed below. ' 

EXAMPLE 3 

The method of Example 2 was repeated except that 
5 g/l of KBrOa was added to the bleach and the pH 
adjusted to 5i.5. n n 

- The resultsof .red density measurements to show 
leuco dye formation are shown in the FIGURE and de 
scribed below. ' - 

EXAMPLE 4 
The method of Example 2 was repeated except that 

lOg/l of KBrO3 were added to the'bleachan'dThe pH 
adjusted to 5 i .5. " 
The results of red density measurements tojshow the 

total lack of leuco dye formation are shown in the FIG 
URE and described below. 
The FIGURE shows the red density of identical in 

corporated coupler reversal. emulsions processed in 
identical photographic processing solutions except that 
the composition of bleach was varied as ‘described in 
Example l-4 above. ‘ - 

The results shown in the FIGURE were obtained 
using conventional densitometric equipment and tech 
niques. ’ 

As can be readily observed from these curves, curves 
1 and 4 which represent the standard ,ferricyanide 
bleach and the improved aminopolycarboxylic acid, 
bromide. ion and bromate ion bleach of the present in 
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tions can be effected within the spirit and scope of the 
invention. ' 

We claim: 
1. A photographic bleach composition comprising an 

aqueous solution of from about 10 to about 400 grams 
per liter of a trivalent iron complex of an aminopoly 
carboxylic acid, a member selected from the group 

' consisting of alkali metal and ammonium iodide and 
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vention respectively, are superimposed, thus indicating ' 
that no ‘leuco cyan dye was present in the ?nished ‘im 
age. ' ‘ ' 

Curve 2 which shows the red density of the same 
emulsion processed in the same fashion as described in 
Examples 1 and 4 except that a bleach cornprisingwan 
aminopolycarboxylic acid-land ammonium bromide 
and having a pH of 6.0 was used, demonstrates substan 
tial red density loss in the D-max region ‘thus indicating 
the presence of rather substantial amounts of leuco 
cyan dye. ' 
Curve 3 which shows the red density of an identical 

color reversal emulsion processed in the same manner 
as described in Example 2 except that a small amount 
of potassium bromate was‘a‘dded to theybleach shows 
a minor loss in red density as compared to curves 1 and 
4, but a rather substantial improvement in red density 
as compared to Example g, thus indicating that‘a re 
ductioniii the 'amouvntqof'leuco'cyan dye has occurred 
due to the presence of thebromate ion in the bleach. 
The process of the above examples can be carried out 

so as to produce color negative images in the emulsions 
by omitting the first developer step and omitting the 
borane from the color developer. The other ferric com 
plexes of the aminopolycarboxylic acids can be used in , 
the bleach solutions in a similar manner, the bleach so 
lution also preferably being acid if the ammonium fer 
ric complex of the aminopolycarboxylic acids is used. 
The invention has been described in detail with par 

ticular reference to a preferred embodiment thereof, 
but it will be understood that variations and modi?ca 
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bromide salts and mixtures of same, and from about 5 
to- about 50 grams per liter of alkali metal or ammo 
nium bromate, said solution having a pH of between 
about 2 and 8. 
Y Y 2. The photographic bleach composition of claim 1 
wherein the concentration of said salt ranges from 
about I to about 350 grams per liter when said salt is 
an iodide salt and from about 5.0 to ‘about 350 grams 
per liter when said salt is a bromide salt. 

3. The composition‘of claim 2 wherein said trivalent 
iron complex 'is selected from the group consisting of 
alkali metal and ammonium ferric complexes of an 
aminopolycarboxylic acid. 

4. The composition of claim 3 wherein said trivalent 
iron complex is an ammonium ferric ethylenediamine 
tetraacetate said bromate is sodium bromate and the 
pH of said composition ranges from about 4 to.about. 
6.5. . _ 

5. The composition of ‘claim 4 wherein said bromide 
.salt is ammonium bromide, said iodide salt is potassium 
iodide and the pH of‘ said composition is about 5 i .5. 

~ 6. In a photographic color reproduction process 
wherein a plurality of superposed differently sensitized 
silver halide emulsion layers are developed with a 
p-phenylene-diamine developer to produce silver and 
dye images in the layers, the silver is bleached to form 
a silver complex soluble in a ?xing solution and the 
emulsion layers are ?xed with a ?xing solution, the im 
provement comprising bleaching the silver with a solu 
tion comprising from about 10 to about 400 grams per 
liter of a trivalent iron complex of an aminopoly 
carboxylic acid, a member selected ,from the group 
consisting of alkali metal and ammonium bromide and 
iodide salts and mixtures of said salts and from about 
5 to about 50 grams per liter of a member selected from 
the group consisting of alkali metal and ammonium 
bromates, said bleach solution having a pH of between‘ 
21.1299! and?. - 

7.‘ The process according to claim 6 wherein the con 
centration of said salt ranges from about l to about 350 
grams per liter when said salt is an iodide salt and from 
about 50 to about 350 grams per liter when said- salt is 
a bromide salt. - 

8. The process according to claim 7 wherein the tri 
valent iron complex is selected from ‘the group consist 
ing of alkali metal and ammonium ferric complexes of 
an aminopolycarboxylic acid. - 

9. The process according to claim>7 wherein the‘ 
emulsion layers in a color reversal process are ?rst de 
veloped with a black and white developer and then with 
color developer prior to bleaching the silver withv the 
trivalent iron complex. - 

10. The process according to claim 7 wherein said tri 
valent iron complex is selected from the group consist 
ing of sodium and ammonium ferric ethylenediamine 
tetraacetate. 

11. The process according to claim 10 wherein ' 
said trivalent iron complex -is an ammonium ferric 
ethylenediamine vtetraacetate said bromate is sodium 
.brornate and the pH of said bleach solution ranges 
from about 4 to about 6.5. 

12. The process according to claim 11 wherein 
said bromide salt is ammonium bromide, said iodide . 
salt is potassium iodide and the pH of said bleach 
solution is about 5 i.5. 

* it it It I? 


