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UNITED STATES PATENT OFFICE. 
EDMUND R. BULLOCK, OF ROCHESTER, NEW YORK, ASSIGNOR. To EASTMAN KODAK 

COMPANY, OF ROCHESTER, NEW YORK, A CORPORATION OF NEW YORK. 

PROCESS OF PRODUCING COLORED IMAGES. 

129,248. 
No Drawing. 

To all thom, it may concern 
Be it known that I, EDMUND R. BULLOCK, 

residing in Rochester, county of Monroe, 
State of New York, have invented new and 
useful Improvements in Processes of Pro 
ducing Colored Images, of which the follow 
ing is a specification. 
This invention relates to photography and 

more particularly it relates to the produc 
tion of colored images. In my process I 
obtain, preferably from a primary photo 
graphic image of the silver species, an in 
termediate image containing chemically ac 
tive substances and treat it with suitable 
compounds which, upon reacting with Said 
image, produce insoluble colored substances 
or dyes, the result being a colored image 
having the same general size and gradations 
as the primary image. Such image may 
then be fixed. 
One object of my invention is to provide a 

process of this kind, which will easily yield 
images of clear, brilliant, durable, readily 
reproducible, and definite colors on paper, 
glass, film, or other base. Another object of 
my invention is to form an intermediate 
image of metallic insoluble salts of such a 
nature and of such a state of high oxidation 
that they will have strong oxidizing tenden 
cies toward the organic compounds with 
which they react to form the colored image; 
yet will themselves be not reduced to the 
metal, but merely to a salt, which is in a 
low state of oxidation and is easily remov 
able by a fixing bath. In other words I aim 
to carry on the color forming reaction on 
what may be termed a relatively high plane 
of oxidation, none of the reaction products 
being reduced to the lowest limit, the words 
EE and “reduction' being used 
herein with the broadest chemical signific 
cance to refer to chemical bonds and 
changes therein generally, and not merely to 
oxygen content. A third object of my in 
vention is to provide a bleaching bath or 
step which will act rapidly to produce this 
intermediate or secondary image, yet will not 
cause injury to such image or its support, if 
the bath, be used for a prolonged time, A fourth object is to provide a process which 
may be carried out by using relatively inex 
pensive baths of good keeping qualities. A 
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fifth object of my invention is to employ in 
the fixing operation a bath which will 
quickly dissolve metallic salts but will not 
apprecially reduce or injure the insoluble 
colored image. A sixth object of my inven 
tion is to provide auxiliary clearing and 
ashing, steps where necessary. Other ob 

jects will hereinafter appear. 
To enable those skilled in the art to use 

my invention, I shall now describe certain 
specific embodiments thereof but it is under 
stood that these particular embodiments are 
merely illustrative and the scope of the in 
vention is not limited to these described ex 
amples except as indicated in the claims. 
As one example of my process I will ex 

plain its application to the production of 
colored innages on paper starting with the 
usual image composed of minute silver par 
ticles suspended in any ordinary colloid, 
Such as gelatin or collodion. The silver 
image is immersed in a bleaching bath made 
up of 4 parts of a 10% potassium ferricyanid 
solution and 1 part of a 1% potassium per 
manganate solution. The image is changed 

55 

O 

5 

70 

75 

to a uniform yellow or orange color and the . 
end point of the action is recognized there 
by. The treatment is usually about a minute 
in length but a much longer immersion is 
found to be not detrimental. This bleaching 
bath can be used repeatedly, but in the case 
of an old bath it is often advisable to filter 
it and then add about one-tenth of its volume 
of potassium permanganate solution. This 
is to keep the bath in a sufficiently oxidizing 
condition to prevent the formation of silver 
ferrocyanid, which sat is useless at this 
stage of the process, the yellow silver ferri 
cyanid with its high state of oxidation being 
the salt desired. . 
When the bleaching is complete, the image 

or print is removed from the bleaching bath 
and washed in running water. The first 
washing may vary according to the support 
for the image and usually will not exceed 
thirty minutes. 
The print containing the intermediate 

image of practically insoluble silver ferri 
cyanid at this state of the process will often 
show brownish stains, probably due to 
manganous ferricyanid. These may be re 
moved by immersion for 5 to 10 minutes in 
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a bath containing 5 of oxalic acid crystals. 
The print shoult i? left in the learing bath 
some time after the tisappearance of the 
brownish stains to entirely renove the lin 
desirable salts. Slould while mangai )() is 
ferrey; iid separate from a used oxalic acid 
bath it slotilde renoved before the bath is 
again used or a fresh bath should be pre 
pared. After the clearing operation, the 
print is again washed, say 20 millites. in 
running water and the secondary image of 
silver ferricyanid will then be complete an 
may be either dried and kept for a subse 
quent toning or transferred at once to the 
toning bath. Alternatively tie silver ferricyanid image 
may be formed by leaching the silver inlage 
in a lath closed if arts of a 10", 
potassium ferricyanid solition a 11 parts 
of a 1 (), chromis a hydrid ( (r(),) solution. 
This at acts fairly tickly. 2 litti's fe 
ing : 'ol on tile for le: thir. \ clean'- 
ing latl? is not needed after it lilt a long 
washing is soilet ines necessary and lay lilst 
for two hours in running water. In use this 
alternative lath may require a little practice 
in manipulation. 
Wichever leacling bath is used, it 

should be free from ore than traces of 
ellerils. The wash water should also be 
reasonally free from then because the 
chlorids night change some of the silver 
ferric valid to silver chlorid thus weaken 
ing the oxidizing power of the interlinediate 
tilage. 
The nig bath in which the ferricyanid 

in age is next innersed is a solutioi ("on 
taining organic substances which are capable 
of leing oxidized by the action of silver 
ferricyanid into isoluble colored substances. 
As examples of such substances I may name 
( 1) leizidin whicl gives a strong blue 
image : (2) ()-tolidin which gives a strong 
green image: (3) paramidolphenol together 
with alpha-naphthol which give a red image: 
(4) paraphenylenediamin whicl gives a 
purplish image; (5) alpha-naphthylamin 
whil gives a reddish-purple : (i) dianisidin 
vil richlorid which rives a strong green 

iinare. These illustrations will serve to 
show the kind of materials which can be 
used in my process. The strength of the 
toning bath is not especially in portant. (Sen 
fairly dilate aths giving a rapid action 
which is often collete at the end of a 
aninute. 
The theory (whicla is, of course, not in dispensalle to practising may process) is 

that these organic compounds act as reducers 
which charge the silver ferricyanaid of the 
secondary image into silver ferrocyanid and 
are themselves oxidized to colored substances 
which are insoluble and are fornied or de 
posited in such a way as to create a colored 
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image having the same general form. size, 
and gradation as the original or primary 
silverinage. By thus keeping the reaction 
on a high plane of oxidation I am alble to 
take advantage of the greater chemical 
activity in the formation of colored sil 
stances possessed by highly oxidized salts, 
such as ferricyanids, while oltaining at the 
end of the reaction a salt of lower oxidation 
which is in ore easily removed without in 
jury to the colored in age. than would be the 
case if the reaction had been on a lower level 
of oxidation and a metallic precipitate, like 
silver, had been produced. 
The toned print is washed, say for five 

minutes, in running water to remove the ex 
('ess of the toning bath. For some purposes 
the coupound in age of silver ferrocyanid 
and insoluble coloring natter may be satis 
factory and sufficient. 

It is often desirable. however, to eliminate 
the silver salts without injuring or disturi 
ing the coloring matter, thus enhancing the 
transparency of the colored image. Due to 
the fact that the toning reaction has been on 
a relatively high plane of oxidation, thus re 
Sulting in silver ferrocyanid instead of me 
tallic silver, this removal of the silver salt 
'an be easily effected. If the original 
bleaching bath was the one containing po 
tassium permanganate, the colored image is 
treated a short time, say 1 minute, in a bath 
containing sodium thiosulfate crystals 35 
parts, potassium claromate 1 part, and water 
to 100 parts. The proportions of this bath 
are. of course, variable, but I have found the 
ones given to be very efficient. Such a bath 
is mildly alkaline and so stable that it can 
be boiled. The chromate checks anv tend 
ency to reduce the colored image. However, 
where the original bleaching bath contained 
the chronic anhydrid, this tendency toward 
redition in the fixing bath does not prevail 
and a plain sodium thiosulfate fixing bath 
may be employed. 
The fixed image or print is now wasned 

for a time, sufficient to remove soluble crys 
talline salts therefrom. 

In another species of my invention I may 
oltain an image of silver ferricyanid as 
hereinabove explained and then treat the 
same with a solution of manganous bromid, 
wherely a mixed image of silver bromid and 
manganous ferricyanid is formed. This 
image (after washing) is treated or toned 
with organic substances, such as benzidin 
and benzidin derivatives, to give colored 
images, the organic reducer being oxidized 
to produce an insoluble colored substance, 
Ind the manganous ferricyanid being re 
duced to manganous ferrocyanid. If de 
sireki, the silver bromid may be dissolved out 
before the toning bath is used by bathing in 
a 3 solution of potassium cyanid, such 
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operation leaving the manganous ferri 
cyanid unimpaired. Fxperiments with sil 
wer bromil alone show that such substance 
does not react on the benzidin, etc. to pro 
duce a color and, consequently, the active 
re-agent in the mixed in age is, the man 
ganous ferricyanid. 

I claim: 
1. The process of producing colored im 

ages whicla colorises forming an image 
('oposed of metallic salt in a high state of 
oxidation and reducing said salt to a metal 
lic salt of a lower state of oxidation' by 
treating said image with an organic reduc 
ing collip?till which is simultaneously oxi 
(lized to produce an insoluble colored coin 
polind forning a colored image. 

2. The 'tress of producing a colored in 
age which comprises forning an image of an 
insolulle ferricyanid, and reducing it. to the 
correspontling ferrocyanidly treating it with 
an organic collipo ind which is simultane 
(usly oxidized to produce an insoluble col 
('el sulistance forming a colored image. 

3. The process of producing colored in 
ages which 'on prises forming an image of 
silver ferricyanid and reducing it to silver 
ferrocyanid by treating said image with an 
organic compiland which is simultaneously 
oxilized to produce an insoluble colored 
compound forting a colored image. 

1. The or 
converting said primary illiage into an in 
terial ediateliuage containing a salt in a high 
state, of oxislation. and reducing said salt to 
a salt of a lower state of oxidation by treat 
ing said ilatern ediate image with an organic 
reducing conpoland which is simultaneously 
oxidized to produce an insoluble colored 
substance forming a colored image. 

ii. The process of producing a colored im 
age from a silver image which comprises 
ceiliverting said silver image into an inter 

45 ediating of silver ferricyanid and re 
dicing said silver ferricyanid to silver fer 
rocyaii livi treating said silver ferricyanid 

rhinic reducing compound which 
tinelisly oxidized to produce an in is siltan " silii ‘olor sistance forning a colored 

' ; : ; ; ; ; ; ; ; ; ; . . . - 

irocess of producing a colored 
streating said image in a bath of ('ot pri 

potassiana, ferricyanid and potassium per 
anganate Intil a yellowish secondary in 

age is obtaiaed., 
. . . . In the process of producing colored in 
ages frou silverinages the step which con 
prises treating the silver image in a bath 
containing 4 parts of 10% potassiut a fer 
ricyanid and 1 part of 1% potassium per 
Ianganate. 

8. The process of producing a colored im 

ess of producing a colored in 
age front a primary in age which comprises 

silver image the step which 

age from a silver image which comprises 
converting said silver image into an image of 
silver ferricyanid, redicing said silver fer 
ricyanid to silver ferrocyanid by treating 
said ferricyanid with an organic reducing 
collabound which is simultaneously oxidized 
to iroduce a colored insolille substance giv 
ing a colored in aire and finally dissolving 
of the silver ferrocyanid while leaving the 
colored insoluble substance intact. 

9. The process of producing a colored in 
age from a silver image which conrises 
tronverting said silver innage into an inter 
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mediate inlage of silver ferricyanid, reduc 
ing said inter mediate in age to silver fer 
rocyanid lay treating it with an organic re 
ducing compound which is simulfaneously 
oxidized to produce an insoluble substance 
for ling a colored in age, and finally fixing 
said colored image in a mildly alkaline bath 
containing a solvent of silver ferrocyanid 
together with a small percentage of an oxi 
dizing agent. 

10. In the process of producing a colored 
in age. the step of treating an inhage con 
taining a silver salt and insoluble colored 
substance in a bath containing sodium thio 
sulfate and a relatively small amount of 
potassitual chromate. - 

11. In the process of producing a colored 
image, the step of treating an image con 
taining a silver salt and an insoluble colored 
substance in an aqueous bath containing 
35'?, of sodium thiosulfate crystals and 1% 
potassium chromate. 

12. The process of producing a colored 
inage from a silver image which comprises 
converting said silver inage into a inter 
mediate inmage of silver ferricyanid, wash 
ing the latter. treating the intermediate im 
age in a clearing bath, again washing said 
intermediate image. and redicing said inter 
mediate inaage by treating the same with an 
organic reducing coupond whicl. is simul 
taneously oxidized to produce an insoluble 
Ecolored substance fortaling a colored image. 

13. In the process of producing colored 
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images, the steps of converting a silverinage 
into a silver ferricyanid image by treatinent 
in a bath containing potassium ferricyanid 
and potassium peria langanate...wasling the 
secondary image thus obtained treating said 
secondary in age in a bath of , oxalie acid 
until the image is cleared froan stain, and 
washing said inage to produce a yellowish 
image of silver ferricyanid frce front stain 
and soluble salts. 

14. The process of producing a colored 
image from a silver image which comprises 
converting said silver inlage into an inter 
mediate image of silver ferricyanid by treat 
ment in a bath containing potassium ferri 
cyanid and potassiut a perinariganate, wash 
ing. treating said intermediate image in a 
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clearing bath containing oxalic acid, Wash- Washing, clearing in a bath of oxalic acid, 
ing sail interediate image, reducing said Washing, reducing in a bath of benzidin 15 
sc conclay in age lly treating it with an or- hydrochlorid, Washing, Jixing in the bath 
ganic relucing coilo ind which is simul- containing soclit in thiostilfate and a small 

5 taneously oxidized to produce an insoluble quantity of an oxidizing agent, and finally 
colored substance folling a colored image, Washing. 
washing, fixing, and finally Washing. In testin)ony whereof. I have signed this 20 

15. The liocess of rolucing a colored specification in the presence of two witnesses 
image from a silver in age, which comprises this 2nd clay of March, 1917. 

10 converting said silver it age it () all inter- E. R. 3 II, OCIK. 
mediate image of silver ferricyanid b. Witnesses: 
treating it it a bath containing Jyotassii), I. A. SCIIM ITT, 
ferricyanid and potassium permanganate, IR. I. STN (11 FIEL), 

  


