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This invention relates to photographic processes
and more particularly to methods for forming
black and white and single color and multicolor
reproductions in two or three dimensions in car-
riers sensitized with ferric salts. .

Objects of the invention reside in the provision
of methods for forming images, designs, indicia
and the like in black and white and in colors by
dye toning images of Prussian blue (water-in-
soluble ferric ferrocyanide) derived from light-
sensitive ferric salts and preferentially formed in
any hydrophilic material, for example orientable
plastics such as polyvinyl alcohol, as well as in
substantially unorientable materials such as gela-
tin and the like, which latter materials may be
considered as transparent, hydrophilic plastics
and also in other substantially unorientable ma-
terials such as paper, textiles and the like; to
provide methods of the character described
wherein dye images are formed by mordanting
a dye base to the Prussian blue salt and coupling
the dye base to form a soluble dye or an insoluble
dye; and to provide techniques for the forma-
tion of dye images whereby the images remain
substantially fixed in or substantive to the carrier
material in which they are formed.

Other objects of the invention are to provide
methods for the formation of multicolor images in
hydrophilic carrier layers which are of materials
of the character described and which are ren-
dered light-sensitive with ferric salts and also
to provide methods whereby a hydrophilic car-
rier layer, which may or may not be transparent
and which is initially rendered light-sensitive
with ferric salts, is successively exposed through
the individual color records of one or more multi-
color images and is successively treated by dye
toning practices to provide individua] components
of one or more multicolor images therein, the
carrier layer being re-sensitized with ferriec salts
prior to color image component formation which
sticceeds formation of the first color image com-
ponent and any mordant or Prussian blue image
formed in carrying out the process being re~
moved after the formation of its associated dye
image.

Further objects of the invention comprehend
the provision of dye toning methods of the char-
acter described wherein dyes, used to form color
images, are placed in selected portions or areas
of material of the kinds noted to form black and
white, or single color or multicolor images in two
dimensions or, when dichroic dyes are used in
molecularly oriented, transparent, hydrophilie,
linear polymeric plastics for image formation, to

10

20

30

35

40

45

50

55

2
form light-polarizing, two dimensional, black and
white or single color or multicolor images or to
provide pairs of such light-polarizing images in
black and white or in color which if formed as
left-eye and right-eye images will give three di~
mnensional or stereoscopic reproduction.

The invention accordingly comprises the sev-
eral steps and the relation and order of one or
more of such steps with respect to each of the
others, which are exemplified in the following
detailed disclosure, and the scope of the applica-
tion of which will be indicated in the claims.

The above and other objects and novel features
of this invention will more fully appear from the
following detailed description when the same is
read in connection with the accompanying draw-
ings. Ii is to be expressly understood, however,
that the drawings are for purposes of illustra-
tion only and are not intended as a definition of
the limits of the invention, reference heing pri-
marily had for this latter purpose to the ap-
pended claims.

For a fuller understanding of the invention, ref-
erence should be had to.the accompanying draw-
ing, in which:

Figure 1 is g diagrammatic illustration of one
embodiment of film usable with the invention
and shows the manner of processing the same for
multicolor image formation therein; and

Fig. 2 is a diagrammatic representation of an-
other embodiment of film usable for carrying out
the invention.

As indicated in the objects, the invention in-
tends to employ any transparent or opaque ma-
terial as a photcsensitive carrier which is of a
hydrophilic nature whereby light-sensitive ferric
salts may be introduced therein by imbibition or
casting. Suitable materials for this purpose com-
brise orientable plastics, for example polyvinyl
alcohol; materials such as gelatin, fish glue, al-
bumen and starch which have not been obtained
in an oriented condition suitable for the forma-
tion of light-polarizing images; paper; and tex-
tiles such as cotton, silk and wool as well as other
fibers, both natural and synthetic which may be
woven or knitted.

" Dye image formation in any carrier which is
sensitized with ferric salts is effected by prefer-
entially exposing the carrier, developing the car-
rier te form a mordant or metallic salt image of
Prussian blue in the exposed portion thereof, and
mordanting a dye base to the Prussian blue image
and subsequently converting the dye base to a
dye by reacting the dye base with a coupler, re-
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moval of the mordant or metallic salt being car-
ried out to complete the processing.

A plurality of color images, each of which rep-
resents a component of & multi-color image, may
be successively formed in g single carrier layer
by successively exposing the layer through suit-
able color records.and. by repeating the procedure
hoted above, it being necessary in this practice to
re-sensitize the layer with ferric salis following
the formation of each colofr-iinage component
except the last image component; to be produced.

In the numerous carrier materials heretofore
inentioned it will be appreciated that a number
of these materials are admirably suited for use
in photographic films and papers. While it is to
be understood that the invention has Wide ap-
plication, an explanation thereof may be easily
undeérstood by considering the formation and
processing of photographic films with which the
invetition may be practiced.

One form of film for use with the invention is
schematically shown in exaggerated scale in the
flow diagram of Fig: 1 as comprising a base or
support 10 formed of a transparent plastic upon
which is mounted a carrier layer it formed of a
transparent, hydrophilic material which is adapt-
ed to be rendered light-sensitive and which may
or may not be molecularly oriented. A film of
this character may have a single dye image
formed in the carrier layer or the carrier may
have several images, each of which represents a
component of a multicolor image, formed there-
in. When the carrier i1 is formed of molecular-
1y oriented plastic, light-polarizing images may
be formed therein.

Another form of film may comprise a support
upon which several image-carrying layers are
mounted. For example, two carrier layers may
be superposed on the same side of the support
or a single carrier layer may be mounted on each
of the opposite sides of the support. A film of
the latter type is shown schematically and in
enlarged scale in Fig. 2 wherein a carrier layer
21 is disclosed as mounted upon one side of 2 base
or support 26 and the carrier layer 22 is mounted
upon the other side of the support.

The film of Fig. 2 is suited for a variety of
uses. For example, it may be employed in two
dimensional multicolor reproduction by forming
one or more color image components in one of
the carrier layers thereof and at least one color
image component in the other carrier layer. In
both instances, the color images could be made of
a light-polarizing or  non-polarizing character
depending on the use of molecularly oriented or
unoriented carrier material and by employing
dichroic or non-dichroic dyes. ' When polarizing
two-dimensional images are formed, the oriented
image-carrying layers-are positioned so that the
direction of orientation: of the molecules of each
layer are parallel.

If the. carriers 2{.and 22.are formed of molec-
ularly. oriented. materials and:are positioned so
that the direction.of orientation of the molecules
of one layer is at 80° with respect to that of the
other layer, the film of Fig. 2 is especially suited
for stereoscopic reproduction. One layer has
one or more light-polarizing left-eye images of
a stereoscopic pair formed therein while the other
carrier layer has one or more light-polarizing
right-eye images formed therein. Stereoscopic
image pairs in black and white or in a single
color-or in mulbicolor may be formed in the
carriers2i and 22,

Molecularly oriented' plastics when used as
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carriers may be rendered light-polarizing by dye-
ing the image poriions thereof with a dye which
possesses substantial dichroism. However, if
orientable materials are used in a substantially
unoriented condition, a dichroic dye while dye~
ing them will not render them light-polarizing.
Many dyes are dichroic to some extent. Numer-
ous dyes, however, do not possess sufiicient di-
chroism to provide usable light-polarizing images
when incorporated in molecularly oriented plas-
tic for the purpose of providing stereoscopic re-
productions and are referred to in the specifica-
tion and claims as being substantially nondi-
chroic along with dyes which show no dichroism.

Prussian blue is an excellent mordant for a
dye base which can be converted to a dye. Thus
a Prussian blue image formed in a carrier by
practices to be hereinafier described may be used
as a mordant to permit a dye to be selectively
placed in the carrier. In accordance with the
invention the dye will occupy an area or portion
of the carrier which is substantially congruent
to and which overlies that portion of the carrier
occupied by the Prussian blue image and will
have an optical density which corresponds to that
of the Prussian blue image. If the carrier is
molecularly oriented and the dye employed is a
dichroic dye, the Prussian blue image is repro-
duced as a dichroic or light-polarizing image hav-
ing portions therein of differing optical densities
or degrees of contrast which are a function of the
direction of vibration of the incident light.

From the foregoing it will be appreciated that
the invention is admirably adapted for black and
white or single color or multicclor reproduction
by providing either polarizing or nonpolarizing
images. By the use of a film such as that sche-
matically illustrated in Fig. 1 comprising a sup-
port §8 and a carrier {1, it is possible to form &
single dye image in a single sensitized plastic
carrier or a plurality of dye images, each of a
color appropriate for a color component of a
seene or view to be reproduced, may be succes-
sively formed in said single carrier. Also, as
heretofore intimated in connection with the film
of Fig, 2 having the carriers 21 and 22, stereo-
seopic reproduction: in color may be obtained by
the use of two sensitized and molecularly oriented
carriers arranged so that the orientation axis of
the molecules of one carrier is at 90° to the
orientation axis of the other carrier.

In all modifications- of the invention wherein
light-polarizing images are to be produced, each
plastic carrier layer for a color image is a sheet
of a transparent, hydrophilic, high molecular
weight, linear polymer. A suitable polymer
should be able to form a dichroic sorption com-
plex with certain organic dyes and should be
orientable and therefore should possess a rela-
tively- high tensile strength. Polymers charac-
terized by having a multiplicity of hydroxy
groups extending off the main polymer chain
and consisting of simple repetitive groupings or
units are generally useful as carriers and ex-
amples thereof comprise polyvinyl alcohol, poly-
hydroxy alkane, partislly hydrolyzed polyvinyl
acetals and polyvinyl alcohol esters, amylose and
regenerated cellulose. In addition other-plastics
such as suitably prepared polyamides or nylon
type plastics may be employed for carrier mate-
rials. Of the plastics herein named, polyvinyl al-
cohol is preferred.

To make long chain plastics of this character
light-polarizing, their molecules must be- sub-
stantially oriented and the plastics must be dyed
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or stained with a dichroic material. Orienta-
tion may be effected by stretching plastic sheet
until the molecules therein are sufficiently ori-
ented. Alternatively, the surface molecules of
one or both sides of a plastic sheet may be ori-
ented as by application of linear, frictional forces
thereto without orienting the molecules through-
out the remainder of the sheet. In surface ori-
entation, the oriented region adjacent the sur-
face is of sufficient thickness to give dichroism
when dyed. The dichroic dye and therefore any
image from which the dichroic dye is derived
should not penetrate beyond the oriented region
at the surface and into the unoriented region of
the plastic. When the light-sensitive material
is placed in the carrier by inbibition, the mole-
cules of the carrier may be oriented either before
or after the incorporation of the light-sensitive
material therein.

Plastics which may have their molecules ori-
ented so as to be rendered light-polarizing when
dyed with a dichroic material are herein termed
“orientable” plastics. All other materials are
deemed to be non-orientable. As an incident of
orientation, any orientable plastic when oriented
will possess at least one of the following proper-
ties. The X-ray diffraction diagram of the plas-
tic will disclose a fiber structure if the plastic
is crystalline and oriented; or mechanically, the
tensile strength is different as measured parallel
and transverse to the direction of orientation if
the plastic is oriented, the tensile strength being
greater parallel to the orientation direction; or
the plastic will display birefringence if oriented,
the birefringence being generally uniaxial
around the orientation direction.

Of the carrier materials heretofore set forth,
the invention, as intimated, intends to use ori-
entable plastics in the formation of both light-
polarizing images and nonpolarizing images. At
the same time the invention comprehends the
use of hydrophilic materials other than orient-
able plastics, gelatin for one example, in the for-
mation of nonpolarizing images by novel methods
which will presently be described.

A support is generally employed for the carrier
or carriers of the photographic films of the in-
vention. The support may be a plastic material,
although it may be glass and in certain instances
paper, which may have a metallic or other re-
flecting coating provided thereon. In fact any of
the films to be later described may be superposed
on a light-reflecting backing, at least after image
formation, to provide a reflection print,

Examples of suitable transparent support ma-
terials comprise a cellulosic plastic, for example
cellulose esters such as cellulose acetate and cel-
lulose nitrate or cellulose mixed esters such as
cellulose acetate butyrate or cellulose acetate
propionate, or a vinyl compound, such as the
vinyl acetate-chloride copolymers, or a suitable
condensation type superpolymer, such as poly-
amide or nylon-type plastic. The various types
of cellulose esters such as cellulose nitrate and
cellulose acetate butyrate may be named as pre-
ferred transparent materials for the support. It
is also to be understood that such materials as
polyvinyl alcohol and regenerated cellulose may
be used to provide a support and are to be pre-
ferred under practices wherein an exposure con-
trol dye is incorporated in a support.

It is desirable in the use of film having several
carriers, in each of which one or more images
are to be formed, to separate an outermost car-
rier and that next to it by a layer which contains
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a suitable exposure or light control méterial oF
dye. Polyvinyl alcohol and regenerated. cellulose
provide carrier materials suitable for this pur-
pose, Alternatively, an exposure control dye may
be incorporated directly in the:carriers as by im-
bibition. Many dyes which absorb :light and
are useful for exposure control are known. Tar-
trazine, a yellow dye, may be given as one exam-
ple. Water soluble dyes of this character which
gradually wash out of the photographic element
during processing may. be reblaced by imbibition
prior to the completion of image formation, On
the other hand, water insoluble dyes should be re-
moved from the dye-containing layers after im-
age formation by bleaching with an agent which
will not affect the dye of the formed color image
or images.

Instead of using a dye to avoid double expo-
sure, an ultra-violet light absorber which is
transparent in the visible range of the spectrum,
may be used as a barrier when incorporated in a
transparent layer. Organic compounds of the
class of azines, especially furfuralazine and cin-
namalazine, may be employed for this purpose.
‘When an ultra-violet light absorbing barrier is
used between g plurality of layers, selective ex-
posure is made with ultra-violet light to which
the ferric salts are sensitive.

The different layers of the photogra,phic ele-
ments of the drawing may be coated on or lam-
inated to one another. Orientation may be ef-
fected after formation of the element, or in the
case of individual layers to be laminsted, they
may be oriented before or after they are bonded
together.

With special reference to the flow diagram of
Fig. 1, an explanation of the manner of forming
a .color image in the film illustrated therein as
comprising a support 10 and carrier {1, will lead
to a further understanding of the invention.
Sensitization of the carrier layer |{ with ferric
salts may be effected by imbibition of the film
10, 1{ in 3 suitable sensitizing solution or mixture
of solutions. An example of solutions used for
this purpose follows immediately.

Solution A
. Grams
Ferric ammonium citrate in 500 cc. water__ 175
Perric ammonium oxalate in 500 cc. water... 94
Ferric sodium oxalate in 500 cc. Water _____ 150
Ferric oxalate ool e 25
Water to total 2000 cc.
Solution B -
: Grams
Potassium ferricyanide ..o 94

‘Water to make 2000 cc.

Generally, solutions A and B are mixed to-
gether in equal parts and generally are imbibed
in the layer which is to be sensitized. Time and
temperature of imbibition follow conventional
practice. Alternatively the potassium ferricya-
nide mentioned in Solution B may be added to
the plastic layer during the development of the
exposed portion of the film.

Following sensitization, the carrier layer || is
preferentially exposed through an appropriate
color record by use of a suitable light source (1ot
shown) for example a mercury vapor lamp, car-
bon arc, photoflood bulb or strong or direct
sunlight.

Treating the exposed carrier layer (] in water
will effectively develop the exposed  portions.
Exposure of the sensitized-layer converts the
ferrie salts of the formula to ferrous salts in the
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exposed ‘porfions thereof. The ferrous salts thus
fortéd in the layer ‘11 when treated with water
are changed to 4 water-insoluble salt in the form
of ferric ferrocyanide (Prussian blue) to provide
a metallic salt imagé or mordant in the carrier.
Unexposed ferric salts are washed out of the film

10, 11 by the water used for forming the Prus-
sian blue image. To insure removal of all un-
expdsed ferric salts, the developing water may be
made. §lightly acidic.

Whilé @ mixture of photosensitive ferric salts
has beeil disclosed for sensitizing the films of
the invéntion, it is to be understood.that any
of the salts set forth may be used singly for this
puiposé.. It is also to be understood that al-
though -organic ferric salts of the character
specified are preferred, inorganic ferric salts may
also be ‘einployéd for the practice of the inven-
tion. :For example, successful results may be ob-
tained by sensitizing film with ferric chloride.

. Prissian biue forms an excellent mordant for
dye bases or dye intermediates which may be
coupled to produce a dye. Coupling procedure
offers g’ simple technique for dyeing a selected
portion of a ¢arrier. To this end, the invention
intends to mordant dye bases to Prussian blue
mordant images and couple the mordanted dye
bases to form desired dyes. In general, any dye
base which may be coupled to form a dye may
be employed. Specifically, diazo dye bases as a
class nay be named as suitable for the practice
of the invention.

Specific examples of dye bases comprise Naph-
thinal Diazo Blue B salt (tetrazotized and stabi-

lized dianisidine), Diazo Black B salt (p-diazo- g ;

diphenylaiine sulphate) and those formed- by
disizotizing  benzidine 6r 4,4-diaminodiphenyl-
amine or diaminostilbéne or diaminostilbene
disulphonic acid. These dye bases when appro-
priately :coupléd provide dyes which display sub-
stanfial dichroism and are suitable for use in the
formsation of light-polarizing images. Other
diazs dye bases such as diazotized aniline and
diazbtized naphthionic acid when coupled with
an appropriate coupler to give a desired color
provide a dye which is substantially non-
dichrojc. Dye bases of this latter class are in-
cluded within the scope.of the invention. .

The dye bases employed are in géneral soluble
in Water and are introduced into the layer i by
xmbxbition A preferred dye base for color work
is Naphthinal Diazo Blue B, and a suitable dye
base solution comprises 1.7 grms. thereof dis-
solved in 500 cc. water to which has been added
80 ' grnis. of citric acid.

Imbibition of the layer {1 ini the dye base solu-
tion is for about 5 minutes after which the layer
iswashed ina 0.5% aqueous solution of acetic acid
for about 3 minutes:and is then further washed
in- water for about 2 minutes. The function of
this treatment in' acetic acid is to wash out ex-
cess dye Dbase without harmx to the mordant
imged. Other acids may be used for this pur-
pose;

The mordanted dye base may now be converted
into' a- desired color 1mage by use of an appro-
priate coupler.:

The- invention is: susceptlble to practme with
any coupler which will convert a dye base to a
dye. Specific examples of suitable counlers for
use with the dye bases mentioned may be found
in‘substitution products of benzene and naphtha-
lene' containing a hydroxy or amino group, and
with the ortho or para positions free for cou-
pling; Couplers whith will' provide a magenta
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image comprise resorcinol, orcinol (methyl re-
sorcinol), naphthionic acid and m-aminophenol;
for a cyan image, SS acid (1-amino-8-naphthol-
24-disulphonic acid) and S acid (1-amino-8-
naphthol-4-sulphionic acid); and for yellow
image, phenol and m-cresol. For black and
white reproduction, diazotized benzidine when
coupled with 2-amino-8-naphthol-6-sulphonic
acid will give a black dichroic dye. The couplers
named are water-soluble and are made up into
suitable solutions which are imbibed in the car-
rier. . Preferred couplers for color work comprise
resorcinol, SS acid and phenol and the time of
imbibition for them is about one minute.

‘A specific example of a coupling solution for
providing a magenta image comprises:
Resorcmol i eeoogTAMS . 3.5

Sodium hydroxide (10% aqueous solu-
.tion)

An example of a suitable coupling sclution for
providing a cyan image comprises:

SS amd
Sodlum nydroxide

S grams-- 15

(10% aqueous solu-

A suxtable coupling solutlon for a yellow image
comprisas:

PhenoL
Sodium hydroxide
______________________________ cc-. 2

Certain of the dyes formed from the dye bases
heretofore described by coupling with the pre-
viously mentionéd couplers are soluble while other
of these dyes are insoluble. By a soluble dye, as
used in the specification and claims, there is
meant a dye which is. soluble in water. For ex-
ample, When Naphthinal Diazo Blue B salt is
coupled with resorcinoel, an, insoluble dye results.
Oon the other hand, when Naphthinal Diazo Blue
B salt is coupled with S acid, a soluble dye is
formed. Still further, Naphthmal Diazo Blue
B salt, when coupled with phenol, produces a dye
whiéh is dlfﬁcultly soluble,

As noted in the foregoing, all of the dyes re-
sulting froi the coupling practices set forth show
substantial substantivity to orientable plastic ma-
terials whether these materials are oriented or
not. Suostantxvmy a5 used in the specification
and claims means the ability of a dye to remain
substanmally fixed in a carrier although sub-
jected to water and the processing solutions
named herein.

After formation of a color image component,
it .is desirable to remove its associated Prussian
blue image. This is accomphs‘xed by treating the
metallic salt with weak sodium hydroxide to con-
vert the Prussian blue to ferric hydroxide which
may be removed by bathing the photographic ele-
ment 19, {4 in a dilute solution of a suitable acid,
preferably a weak solution of a strong acid such
as hydrochlonc acid. By making the coupler so-
lution alkaline, as is the case of the coupler so-
lutions mentioned, the Prussian blue will be con-
verted to ferric hydro*ude When the coupling re-
action is carried out. On drying, which may or
may not be preceded by further washing, the
photographic fitm 10, i1 may be used or prepared
for further color 1ma£re formation therem

A summary of the pracl,mes heretofcne described
is given in the flow diagram of Fig. 1 wherein the
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element 18, (1 is shown at different stages of
processing, the first stage in the diagram illus-
trating the element after the carrier layer {1
thereof has been sensitized with ferric salts. "As
indicated by the legend appearing in Fig, 1, the
sensitized element is exposed through an appro-
priate color record and is then washed in water
to form an image in Prussian blue and to remove
the unexposed ferric salts from the carrier layer
il. Such procedure causes the film {0, i{ to take
on the appearance disclosed in the second stage
of processing illustrated in Fig. 1 wherein the
carrier layer fi is shown as containing only an
image of Prussian blue.

The next stage of the process which is illus-
trated in Fig. 1 results from treatment of the film
18, i1 in accordance with the practices indicated
by legend wherein a dye base, which is mordanted
to the Prussian blue image, is reacted with a
coupler to form a dye. Removal of the Prussian
blue mordant leaves the layer {1 in the third stage

of processing illustrated in Fig. 1 wherein the ele--

ment 19, 11 contains a dye image only which is
referred to in the flow diagram by the notation of
“1st dye image.”

The foregoing has described procedure by which
a single color image may be formed in & carrier.
A second dye image representative of another
color component of a mulbicolor image may be
formed in the film 18, i in the manner indicated
in the legend accompanying Fig. 1, namely, by
resensitizing layer |1 with ferric salts and repeat-
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ing the steps previously noted. The result of -

such treatment is shown in the fourth stage of
the processing illustrated in Fig. 1 wherein layer
tt in addition to the previously mentioned dye
image contains an additional dye image which is
indicated by the notation “2d dye image.” As
intimated, the dye of each color component is
of a color suitable for multi-color image forma-
tion. For convenience, the dye images have been
shown as occupying different portions of the layer
1. It will be understood, however, that in nor-
mal photographic practice a portion of at least
one dye component image of a multicolor image
will overlap a portion of at least one other dye
component image of said multicolor image. In
the successive formation of color image compo-
nents, as has been noted, it is necessary to re-
sensitize the layer between the successive forma-
tion thereof. This may be done by resensitizing
the film in the sensitizing solutions A and B in
the manner heretofore set forth.

When dyes of the described character are
formed in orientable plastic materials, they may
be expected to remain substantially fixed therein
without diffusion or bleeding during successive
color component formation due to their substan-
tivity to such materials.. In the case of carriers
formed of unorientable materials, for example
gelatin, to which dyes of the character described
do not exhibit great substantivity, it is desirable to
use dyes which are of an inscluble nature. An
alternative practice for multicolor work when
carrier materials of the latter class, such as gela-
tin, for example, are employed, is to use both
soluble and inscluble dyes, an insoluble dye being
utilized to form the first color component. Under
such practices a soluble dye could be used for
the last color component to'be formed.

In the case where one ‘or more dye image com-~
ponents are formed in each of the carriers of a
film having two carriers, for example, on a sup-
port, exposures may be made simultaneously from
each side of the film, In this practice it is de-
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sirable to employ a light absorbing batrrier be-
tween the two photosensitive layers or to incor-
porate a suitable dye in the film support to the end
of avoiding double exposure of the individual lay-
ers or if desired the last-formed color component
could consist of Prussian blue itself,

It has been mentioned that a film having two
image carriers, such as the film of Fig. 2, may be
used in three dimensional and also in two dimen-
sional multicolor reproduction. Such a film is
desirable in the formation of two dimensional
light-polarizing or non-polarizing multicolor im-
ages as it leads to simplification of processing.
For example, carriers 21 and 22 may be simul- .
taneously exposed through a different color record
for two color components of a multicolor image,
follewing which the film is processed in the man-
ner described to form the respective color image
components in the carriers. If a two color repro-
duction is being made, image formation has been-
completed. On the other hand, if a three color
reproduction is being made it is only necessary to
resensitize the film with ferric salts, expose either
layer through the third color record and process
to form the third color component in the film.
Thus, in either two color or in three color work:
one resensitization, one re-exposure of the film
and subsequent processing are saved as compared
with the case where two or three color image com-
ponents are formed in a single carrier,

With certain dyes, such as those mentioned
herein, it is desirable to treat each formed color
image so as to give it a desired hue. In the case
of the formation of a plurality of color image com-
ponents, this may be carried out after all image
formation has been completed and the last me-
tallic salt image removed. If only one image: of
a suitable color is to be formed, this practice is
employed following the removal of the mordant
image for that color image. Treatment is-car-
ried out by immersing the film for from 30 to 60
seconds in a buffer solution of about pH 6.8, after
which the film is dried and is then ready for use.
A suitable buffer solution for this purpose com-
prises:

Ce.

Citric acid % mol. aqueous solution___.____. 25
Sodium phosphate. dibasic (secondary) +%

mol. aqueous solution fi5

From the foregoing it will be appreciated that
the invention is particularly adapted for the for-
mation and processing of photographic films and
papers. Films employed by the invention may be
used as transparencies or as reflection prints by
mounting them upon a light-reflecting backing
such 2s metalized paper. The photographic ele-
ments heretofore disclosed are suited for positive
or negative forming materials but are especially
adapted to positive printing purposes from pre-
pared negatives, the latter being equally true iof
photographic papers sensitized with ferric salts.

As hereinbefore pointed cut, while the invention
is described in connection with photographic films
and elements, it is in no way limited to such usage,
but it may be employed with any hydrophilic car-
rier. As one example it will be appreciated that
designs or images in color or in black and white
may be formed 'on various textiles with considera~
ble facility.

Throughout the specification and claims where
the term “hydrophilic” is employed, reference is
made to a substance or material which showsan
affinity for water or has the ahility to absorb or
adsorb water.
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The term “dichroism” is used herein as mean-
ing the property of differential absorption of the
components of an incident beam of light depend-
ing upon the vibration directions of said com-
ponents.

Likewise, throughout the specification, the term
“dichrioic” as applied to a material or a dye or a
stain means a material or a dye or a stain whose
molecules possess the property of showing di-
chroism. In the practice of the invention, this
property is displayed when such material or dye
or stain is incorporated in molecularly oriented,
hydrophilic plastics of the character described in
that the resulting areas containing the same are
hght polarizing.

Tt has been pointed out that a light-polarizing
or dichroic image has an opticel density which is
a function cf the direction of vibration of the in-
cident light. 'This is true of each light-polarizing
image produced in all embodiments of the inven-
tion. Such images are known as “vectographs.”

Singce certain changes may be made in carrying
out the above processes without departing from
the scope of the invention, it is intended that all
matter contained in the above description shall be
interpreted as illustrative and not in a limiting
sense.

What is claimed is:

1. In a method of forming a dye image in a
hydrophilic ‘carrier sensitized with ferric salls,
the steps of exposing the carrier, developing the
exposed carrier to convert the exposed portion
thereof to a Prussian blue image, removing un-
exposed ferric salts, imbibing into the carrier a

solution of a dye base which will mordant to said

Prussian blue, treating the mordanted dye base
with g coupler to convert the base to a prede-
termined dye, and removing the Prussian blue
image.

2. In a method of forming a dye image in a
hydrophilic carrier sensitized with ferric salts, the
steps of exposing the carrier, developing the ex-

osed carrier to convert the exposed portion
thereof to a Prussian blue image, removing un-
exposed ferric salts, imbibing into the carrier a
solution of a dye base which will mordant to
said Prussian blue, treating the mordanted dye
base with a coupler to convert the dye base to
predetermined- dye which is substantially sub-
stantive to the material forming the carrier, and
removing the Prussian blue image.

3. In a method of forming a dye image in a
hydrophilic carrier sensitized with ferric salts,
the steps which comprise exposing the carrier,
developing the exposed carrier to convert the
exposed portion thereof to a Prussian blue im-
age, removing unexposed ferric salts, mordant-
ing to the Prussian blue image a dye base which
can be converted to a soluble dye, treating the
mordanted dye base with a coupler to convert the
dye base to a predetermined soluble dye which
is substantially substantive to the material form-
ing. the carrier, and removing the Prussian blue
image. ,

4. In a method of forming a dye image in a
hydrophilic carrier sensitized with ferric salts,
the steps comprising, exposing the carrier, de-
veloping the exposed carrier to transform the ex~
posed portion thereof to a Prussian blue image,
removing unexposed ferric salts, mordanting to
the Prussian blue image a dye base which can be
converted to a substantially insoluble dye, treat-
ing the mordanted dye base with a coupler to
convert the dye base to a predetermined insolu-
ble dye, and removing the Prussian blue image.
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5. In a method of forming a dye image in a
hydrophilic carrier sensitized with ferric salts,
the steps. of exposing the carrier to provide at
least one ferrous salt image therein, developing
each ferrous-salt image to convert it to Prussian
blue, removing unexposed ferric salts from the
carrier, imbibing into the carrier a. solution of
a diazo dye base which will mordant to said Prus-
sian blue, treating the mordanted dye base with
a. coupler to convert the dye base to predeter-
mined dye, and removing the Prussian blue mor-
dant.

6. In a method of forming a dye image in a
hydrophilic carrier sensitized with ferric salts,
the steps of exposing. the carrier to provide at
least one ferrous salt image therein, developing
each ferrous salt image to convert it to Prussian
blue, removing unexposed - ferric salts from the
carrier, mordanting Naphthinal Diazo Blue B salt
to said Prussian blue, treating said mordanted
Naphthinal Diazo Blue B salt: with a coupler
to form a predetermined dye, and removing the
Prussian blue mordant.

7. In a method: of forming a light-polarizing
image in a carrier comprising a hydrophilic, mo-
lecularly oriented, linear polymeric plastic which
is sensitized with ferric salts, the steps of pre-
determinedly exposing the carrier to light, con-
verting the exposed . ferric salts to Prussian blue
to provide an image in terms of Prussian blue in
the carrier, removing unexposed ferric salts, im-
bibing into the carrier a solution of a dye base
which: will mordant to said Prussian blue and
which may be converted to a predetermined di-
chroie dye which is scluble and substantially sub-
stantive to the material of said.carrier, treating
the mordanied dye base with a coupler to convert
the dye base to said predetermined dichroic dye,
and removing the Prussian biue image.

8. In a method of forming a light-polarizing
image in a carrier comprising g hydrophilic, mo-
lecularly oriented, linear polymeric plastic which
is sensitized with ferric salts, the steps.of ex-
posing- the carrier to light, converting the ex-
posed ferric salts to Brussian blue to provide an
image in terms of Prussian blue in the carrier,
removing unexposed ferric salts, imbibing into
the carrier a solution of a dye base which will
mordant to said Prussian biue and which may
be converted to a predetermined dichroic dye
which is substantially insoluble and substantially
substantive to the material of the carrier, treat-
ing the mordanted dye base with a coupler to con-
vert the dye base to said predetermined dichroic
dye, and removing the Prussian blue image.

9. In a method of forming a dye image in a
carrier comprising gelatin which is rendered light
sensitive with ferric salts contained therein, the
steps of exposing the carrier to light, converting
the exposed ferric salts to Prussian blue to pro-
vide an image in terms of Prussian blue in the
carrier, removing unexposed ferric salts, mordant-
ing to said Prussian blue image a dye base which
can be converted to a soluble dye to provide a dye
image in the carrier, reacting the mordanted dye
base with a coupler to form a predetermined dye
which is soluble, and removing the Prussian blue
mordant.

10. In a method of forming a dye image in a
hydrophilic, linear polymeric plastic which pos-
sesses the property of being orientable and which
is sensitized with ferric salts, the steps of exposing
the carrier, developing the exposed carrier to con-
vert the-exposed portion-thereof to a Prussian blue
image, removing unexposed. ferric salts, imbib-



2,444,567

13

ing into the carrier a solution of a dye base which
will mordant to said Prussian blue, treating the
mordanted dye base with a coupler to convert the
base to a predetermined dye, and removing the
Prussian blue image.

11. In a method of forming a dye image in a
carrier formed of hydrophilic material, the steps
of sensitizing the carrier with ferrie salts, expos-
ing the carrier to light to form at least one ferrous
salt image therein, converting each ferrous salt
image to Prussian blue, removing unexposed ferric
salts from the carrier, mordanting a dye base
to the Prussian blue, reacting the mordanted
dye base with a coupler having the ability to
convert the dye base to a predetermined dye, and
removing the Prussian blue mordant.

12, In a method of forming 2 light-polarizing
image in a hydrophilic, molecularly oriented, lin-
ear polymeric plastic carrier, the steps comprising
sensitizing the carrier with ferric salts, exposing
the sensitized carrier to light to provide an image
in the exposed portion thereof, developing the
exposed portions of the carrier to convert them to
Prussian blue, removing unexposed ferric salts
from the carrier, mordanting a dye base to the
Prussian blue, treating the mordanted dye base
with a coupler to convert the dye base to a pre-
determined dichroic dye which will remain sub-
stantially substantive to the plastic carrier, and
removing the Prussian blue mordant.

13. In a process of color photography in which
a series of color component images is formed in
sequence in a hydrophilic carrier, the steps lead-
ing to the formation of any image of said series
which comprise introducing light-sensitive ferric
salts into the carrier whereby to render it light
sensitive, preferentially exposing the carrier, de-
veloping the exposed carrier to convert the ex-
posed portion thereof to a Prussian blue image,
removing unexposed ferric salts whereby the car-
rier is substantially insensitive to light, mordant-
ing a dye base to said Prussian blue image, treat-
ing the dye base with a coupler to convert the dye
base to a predetermined dye, and removing the
Prussian blue image.

14, In a process of color photography in which
a series of color component images is formed in
sequence in a hydrophilic carrier, the steps lead-
ing to the formation of any image in said series
which comprise imbibing a solution of light-sen-
sitive ferric salts into the carrier whereby to ren-
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der it sensitive to light, preferentially exposing
the carrier to light, developing the exposed carrier
to convert the exposed portion thereof to a Prus~
sian blue image, substantially freeing the carrier
of unexposed ferric salts whereby the carrier is
rendered substantially insensitive to light, im-
bibing into the carrier a solution of a dye base
which will mordant to said Prussian blue, treat-
ing the mordanted dye base with a coupler to
convert the dye base to a predetermined dye
which is substantially substantive to the material
forming the carrier, and removing the Prussian
blue image,

15. In a process of producing a multicolor,
light-polarizing image by the formation in se-
quence of a plurality of dye images in a hydro-
philic, molecularly oriented, linear polymeric
plastic, each dye image representing an individ-
ual color component and comprising a dichroic
dye of a predetermined color, the steps leading to
the formation of any component image in said
plurality which comprise sensitizing the oriented
carrier by imbibition with light-sensitive ferric
salts, preferentially exposing the carrier to light,
developing the exposed portion of said carrier to
an image comprising Prussian blue, substantially
freeing the carrier of unexposed ferric salts
whereby the carrier is rendered substantially in-
sensitive to light, mordanting to said Prussian
blue image a dye base which may be coupled to a
dichroic dye of a predetermined color, coupling
the dye base to a dichroic dye by the treatment of
the dye base with a coupler which will react with
the dye base to form said predetermined dichroic
dye, and removing the Prussian blue image where-
by the carrier is in a condition wherein it is sub-
stantially insensitive to light and contains at least
one light-polarizing dye image.

HELEN P. HUSEK.
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