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70 all whom it may concern:

Be it known that I, Epauxp R. Burrock,
residing in Rochester, county of Monroe,
State of New York, have invented new and
useful Tmprovements in Processes of Pro-
ducing Colored ITmages, 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
Jow state of oxidation and is easily remov-
able by a fixing bath. TIn other words T aim
to carry an the color forming reaction on
what may be termed a relatively high plane
of oxidation, nene of the reaction products
being reduced to the lowest limit, the words
“oxigﬂtion” and “reduction” being used
herein with the broadest chemical signifi-
cance to refer to chemical bonds and
changes therein generally, and not merely to
oxvgen content. A third object of wy in-
vention is to provide a bleaching bath or

step which will act rapidly to produce this

intermediate or secondary image, vet 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
appreciably reduce or injure the insoluble
colored image. A sixth object of my inven-
tion is to provide auxiliary clearing and

rashing steps where necessary.  Other ob-
jects will hereinafter appear.

To enable those skilled in the art to use
my invention, T shall now describe certain
specific embodiments thereof but it is under-
stood that these particular embodiments are
merely illnstrative 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 images 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 miade
up of 4 parts of a 104 potassiumn ferricyanid
solution and 1 part of a 1% potassium per-
manganate solntion. The image is changed

55

60

L1

70

76

to a uniform yellow. or orange color and the -

end point of the action is recognized there-
by, The treatment 1s 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.g sufficiently oxidizing
condition to prevent the formation of silver
ferrocyanid, which «alt is useless at this
stage of the process, the yellow silver ferri-
cvanid with its high state.of oxidation being
the salt desired. :

When the bleaching is complete. the image
or print 15 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 1he process will often
show' brownish stains, probably dus to
manganous ferricyanid. These may he re-

moved by immersion for 5 to 10 minutes in
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a bath containing 377 of oxalic acid crystals.
"The print <hould he leftin the clearing bath
some time after the disappearance of the
hrownish stains to entively remove the un-
destrable =alts.  Shounld white manganous
ferrocyvanid separate from s used oxalic acid
bath it should he removed hefore the bath i~
again used or a fresh hath should be pre-
pared.  After the clearing operation, the
print iz again washed, say 200 minutes.
running water and the sccondary image of
dilver ferrievanid will then he complete and
mav be cither dried and kept for subse-
quent toning or transferred at once to the
toning bath.

Alternatively the silver ferrieyanid image
mav be formed by hleaching the silver image
in a hath composed of 5 part~ of a 107
potassinm ferrievanid solution and 2 parts
of 2 107; chromic anhydrid (CrOy) solution.
This bath acts fairly quickly. 2 minutes he-
ing o common time for Weaching. .\ clear-
ine bath is not needed after it but a long
washing is sometimes necessary and may last
for two hotrs in running water. Tn nse this
alternative hath may require a little practice
in manipulation. ]

Whichever Dleaching bath is used, it
Jould be free from more than traces of
hlorids. The wash water should also be
reasonablv  free  from them because  the
¢hlorids might change some of the =ilver
forricvanid to sitver chlorid ilins weaken-
ing the oxidizing power of the intermediate
hage. _

The toning hath in which the ferrvicvanid
inge is next imersed s a solution con-
faining organic substances which are capable
of being oxidized by the action of silver
ferrievanid into insoluble colored substances,
As examples of such substances T may name
(1) henzidin which gives a strong blue
image: (2} O-tolidin which gives a_strong
green image: (3) paramidophenol together
with alpha-naphthol which give a red image
(1) paraphenylenediamin which gives a
purplish image: (3) alpha-naphthylamin
which gives a reddish-purple:(6) dianisidin
hvdrochiorid which gives a strong green
jmage.  These ilustrations will serve to
<how the kind of materials which can be
used in my process. The strength of the
toning bath ix not especially important. even
fairlv diute baths giving a rapid action
which ix often complete at the end of a
minute.

The theory (which is .of eourse, not in-
dispensable to practising my provess) is
that these organic compounds act ax redueers
which change the silver ferricvanid of the
secondary image. into silver ferrocyanid and
are themselves oxidized to colored substances
which are insoluble and are formed or de-
posited in such a way as to create a celored
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image having the same general form, size,
and gradation as the original or primary
silver image. By thus keeping the reaction
on a high plane of oxidation T am able to
take advantage of the greater chemieal
activity in the formation of colored sub-
stances possessed by highly oxidized salts,
such as ferricvanids, while obtaining at the
end of the reactiona salt of lower oxidation
which ix more easily removed without in-
jury to the colored image, than would he the.
case 1f the reaction had been on a lower level
of oxidation and a metallie precipitate Tike
silver, had been produced. .

The toned print is washed. say for five
minutes. in running water {o remove the ex-
cess of the toning bath.  For some purposes
the compound image of silver ferrocyvanid
and insoluble coloring matter may he satix-
factory and sufficient.

It is often desirable. however, to eliminafe
the silver salts without injuring or disturh-
ing the coloring matter, thus enhancing the
transparency of the colored image. Duc 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
can be easily effected. Tf the original
bleaching bath was the one containing po-
tassium permanganate, the colored image is
{reated a short time, say 1 minute, in a bath
containing sodinm thiosulfate crystals 35
parts. potassium chromate 1 part, and water
{0 100 parts. The proportions of this bath
are. of course, variable, but T have found the
ones given to be very efficient. Such a bath
i= mildly alkaline and so stable that it can
he boiled. The chromate checks any tend-

eney to reduce the colored image. However,

where the original bleaching bath contained
the chromic anhydrid, this tendency toward
reduetion in the fixing bath does not prevail
and a plain sodium thiosulfate fixing bath
may be employed.

The fixed image or print is now wasnhed
for a time, sufficient to remove soluble crys-
talline salts therefrom. ‘

In another species of my invention I may
obtain an image of silver ferricyanid as
hereinabove explained and then treat the
<ame with a solution of manganous bromid,
wherehy a mixed image of silver bromid and
manganous ferricvanid 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.
um{ the manganous ferricvanid being re-
dueed to manganous ferrocyanid. If. de-
siresh. the silver bromid may be dissolved out
hefore the toning bath is used by bathing in
a 37 solution of potassium cyanid, such
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. rievanid and. bopart of 1%
Cipanganate.
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opefation leaving the manganons ferri-
cvanid unimpaired. FExperiments with sil-
ver bromid alone show that sueh substance
does not react. on ‘the benzidin, ete.. to pro-
duce a color and, consequently. the active
re-agent. in’ the mixed bage is. the mau-
ganous ferricyanid. '

T claim:

L. The precess of producing colored im-
ages whieh comprises forming -an ‘image
compaosed of metallie salt in a high state of
oxidation and reducing =aid salt to a metal-
lic' salt of o fower: state of oxidation” by
treating =aid image with an organie reduc-
ing conipound which is simultaneously oxi-
dized to produce an insoluble colored com-
pound forming-a colored image.

2. Tlie process of producing a colored im-
age which comprises forming an image of an
insoluble - fervievamid, and reducing (- to the
coirresponding fervocvanid by treating it with
an opganic compound which is simultane-
onsly oxidized to produce an ingoluble col-
ored stubstance forming a colored image.

3. The process of producing colored im-
ages which comprises forming an image of
sibver ferricvanid and redocing it to silver
ferrocvanid by treating said image with an
organwe componnd which is simultaneously

oxighized to. produce an insoluble colored

compound forming a colored image.

1. The process of producing a colored im-'"
age from a primary image which comprises

converting said prunary image into an in-
termediate image containing a salt in a high
state of oxidation. and reducing said salt to
a ~alt of a lower state of exidation by treat-
ing said intermediate image with an organic
reducing.compound which is simultaneously
oxidized : to produce an . insoluble . colored
subistanie forming a colored image.

=i, The:process of producing a colored im-
age from nustlver dmage which comprises

ceofiverting said silver image - into -an inter-
Ancidiate image of silver fervicvanid and re-

sand

sier ferricyanid to silver fer-

PR . Toey Bagga® s . e J R
solithle ‘colored substance forming a ‘colored
SN Sl Mpes g Wt L -

amage. U

! P a)iie oo a .

6. In the process of producing a colored
Tmage from; a silver | ‘ .
cony Tresting siid Dmage in a bath of

_potassin, ferrieyanid and | potassium’ per-

manganate yntil a vellowish secondary im-
age is abtained, . o

.- 7. In the provess of producing colored im-
ages from silver inages the step which com-
prises treating the silver image in a bath
containing 4 parts of 107 - potassium fer-
potassium per-

8. The process of producing a colored im-

| Biv theating said silver ferricyanid -
hian!Oritinic reducing compound which
is sinitiltinebitsly oxidized to produce an in--

“silver image the step which

age from a silver image which comprises
converting said silver image into an image of
silver ferricyanid, reducing said silver fer-
ricvanid to silver ferrocvanid by treating
said fervieyanid with an organic reducing
compound which is simultancously oxidized
to groduce a colored insoluble substance giv-
ing a colored image and finally dissolving
out the stlver ferroeyanid while leaving the

- colored msoluble substance intact.

9. The process of producing a colored im-
agre from a xilver image which comprises
converting said-silver image into an inter-
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mediaie image of silver ferrievanid, redue- |

ing saud mtermediate image to- silver fer-
rocvanid by treating it with an organic re-
ducitig compound which is simultancously
oxidized to produce an insoluble substance
forming a colored imiage, and finally fixing
satd colored image in a mildly alkaline bath
contaming a solvent of silver ferrocyanid
together with a small percentage of an oxi-
dizing agent.

10." In the process of producing a colored
iniage. the step of "treating an image con-
taining a silver salt and insoluble colored

subsgtance in a bath containing sodinm thio-

sulfate and a relatively small amount of
potassium chromate. -
11, In the process of producing a colored

diniage, the step of treating an image con-

taining a silver salt and an insoluble colored
substance in an aqueous bath containing
357 of sodinm thiosulfate crystals and 1%
potassium chromate.

12. The process of producing a colored
image from a silver image which comprises
converting said silver image into a inter-
mediate image of silver ferricyanid, wash-

ing the Iatter, treating the intermediate im-

age in a clearing bath, again washing said
infermediate image. and reducing said inter-
mediate image by treating the same with an
organic reducing componnd which. is simul-
taneously oxidized to produce an insoluble

rcoloved. substance forming a colored image.

-+ 13. In the process of producing . colored
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‘Hmages, the steps of convertingasilver image -

into-a silver ferricvanid image by treatinent

“in’ a bath containing potassium ferricvanid
“and’ potassinm  permanganate.. washing the

secondary image thus obtained. treating said
secondary image in a bath of oxalie acid
until the image is cleared frow: stain, and
washing said image to produce a-yellowish
image of silver ferricvanid free from stain
and soluble salts. ’ -

14. The process of producing a colored
image from a silver image which comprises
converting said silver image into an inter-
mediate image of silver ferricyanid by treat-
ment in a bath containing potassinm ferri-

¢yanid and potassitm’ permanganate, wash--

ing. treating said intermediate image in &
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clearing bath (_-ml((uinin;,r oxalic acid, wash-
ing said intermediate image. reducing said

secondary image by treating it with an or-
ganic reducing compound which s simul-

(ancously oxidized to produce an insoluble
colored substance forniing w colored image,
washing. fixing. and finatly washing.

15, The process of producing a colored
image from a sibver huage, which comprises
converting said silver iimage into an inter-
medinte image of silver ferricvanid by
treating it in a bath containing potassiun,
fervicyanid and potassinm  permanganate,
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washing, cleaving in a bath of oxalic acid,

washing. reducing in a bath of benzidin 15
hydrochlorid, washing, flixing in the bath
containing sodium thiosulfate and a small
quantity of an oxidizing agent, und finally
washing.

Tn testimony whereof, T have signed this 20

specification in the presence of two witnesses
this 2nd day of Mareh, 1917,
E. R. BULLOCK.
Witnesses:
I. A, Scivrrr,
R. T.. STiNeHrIELp,




