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1 _

‘This invention relates to photography and more
particularly to novel, composite, photographic
film units.

This application reletes more specifically to
Improvements in the photographic products de-

scribed in my copending application Serial No.

039,950, filed June 9, 1944, for Photographic Prod-
uct, Process and Apparatus, and my copending
application Serial No. 578,379, filed February 17,
1945, for Photographic Process, Apparatus and
Product (both of which are now abandoned and
replaced by my copending application Serial No.
64,870, filed December 11, 1948, and which issued
as Patent No. 2,543,181 on February 27, 1951).

A principal object of the present invention is to
provide photographic film units of the type de-
scribed in my above-mentioned copending appli-
cations wherein a photographic film unit com-
prising a base layer, a photosensitive layer and
another layer is exposed to actinic light through
sald base layer, and said film unit is developed to
produce therein a final positive image by creating
in said film unit a layer of ligquid composition
nearest the surface of said photosensitive layer
which is farthest from said base layer, and im-
proving on the products described in my said co-
pending applications so as to permit the forma-
tion of a positive image having characteristics
equal to those products where exposure of the

photosensitive layer is made directly through the &

side of said photosensitive layer which is first con-
tacted by said liguid composition.

Another object of this invention is to provide a
photographic film unit comprising a layver of
photosensitive material, a base for said layer, and
another layer, said unit being arranged for ex-
posure of said photosensitive materiagl through
said base layer and production of a positive image
of a subject image on or in said other layer, said
photosensitive layer having such optical charac-
teristics as to substantially prevent scattering ef

licht rassing therethrough.
~ Another object of the present invention is to

provide a composite photographic film unit con-
taining a material capable of reacting with a

liquid composition used for developing said photo-

sensitive material to prevent the existence of any

developer in stain-forming condition in the high-

lights of a positive image when an amount of de-
veloper is used which is in excess of the amount
required to fully develop a fully develepable por-
tion of said photosensitive material.

Another object of the present mventlen is to_

provide in a product of the above type an amount
of developer in excess of that required to fully

(CL. 95—8)
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develop a fully develepable portion of said latent

image and to react said liquid composition with

a material capable of preventing the existence of

any developer in a stain-forming condition in the

highlights of the positive image. | -

- Other objects of the 1nvent1en will in pe,rt be

obvious and will in part appear hereinafter. -
The 1nvent10n accordingly comprises the pred-

uct pessessmg the features, prepert1es and the
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relation of elements which are exemplified in the
following detailed disclosure, and the scope of the
application of which will be indicated in the claim.

I'or a fuller understa,nchng of the nature and
objects of the invention, reference should be had

* to the following detailed description taken in

cennectlon with the eccompanymg drawmg,
wherein: |

~ PFigure 1 is an exaggerated sectmnal schematm
v1ew of the invention as applied to a film unit of
the type shown in my above-mentioned copend-
ing appllcatlon Serial No. 578,379;

Fig. 2 is an exaggerated sehematle diagram-
matic view of a medlﬁeatmn of the Invention;
and

Fig. 3 is an exaggerated schematic, dmgram-
matic view of a.nother modlﬂcatmn of the inven-
tlen S |
- In ut1llzmg the produets and processes de-
scribed in my above-mentioned copending appli-
cations, it is in some instances highly desirable to
provide a photographlc film unit and process of
treatment thereof whieh will permit the exposure
of a photographic film unit through the back
thereof, i. e., through the base layer which carries
the photosensmwe emulsion. This method of ex-
posure has certain advantages over the exposure
of the type where the phetesens1t1ve layer is ex-
posed by light which does not pass through the
base layer. . One of these advantsges is that it
permits the use of an opague image-carrying
layer which is preferably a relatively cheap,
densely white paper of the type known in the
trade as baryta paper, mtheut requiring the sep-
aration of the layer of photosensitive material
from the image-carrying layer for exposure of
the former. This obviously has certain -advan-
tages, such as simplification of camera structure
and ease of manufacture of the film ynit. It also
alds in the manufacture of a sealed unit which is

effective to prevent the escape of any of the 11qu1d
composition which is preferably used with the

above-mentioned processes.

The present invention,- therefore, relates to the
provision of photographic products wherein a
photographic film unit may be exposed through
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the base layer with the resulting simplification of
camera structure and manufacture of the film
unit. |
As shown in Fig. 1 there is provided a base layer
(0 adapted to carry on one surface thereof a
photosensitive layer 12. There is also provided
another layer 14, hereinafter referred to as an
image-carrying layer, which may be joined to
the base layer or the photosensitive layer on the
edge portions thereof. Between the photosensi-
tive layer i2 and the image-carrying layer i4
there is preferably positioned a container 16
adapted to have therein a liquid composition.
This container can be attached to either the

photosensitive layer {2 or the image-carrying

layer 14. Films of this general character are de-
scribed in my above-mentioned copending appli-

cation Serial No. 578,379. |
The base layer 10 is preferably made of a suit-

able 2lm base material such as a cellulosic ester ¢

or mixed esters such as cellulose nitrate, cellu-
lose acvetate, cellulose acetate propionate or other
transparent materials capable of supporting a
photosensitive emulsion. The photosensitive
layer is preferably of the type rendered develop-
able by exposure to light, such as a noble metal
halide. and is preferably an emulsion of a silver
halide or of a mixture of silver halides or of a
mixed silver halide. The image-carrying layer
14 in o preferred embodiment of the invention is
formed of a photographic material known in the
art as baryta paper, although it can be made of
other substances. This layer is preferably per-
meable to a substance contained in the liquid

composition and may also be manufactured from ::

other materials such as gelatin and paper. It
may also be made of regenerated cellulose, poly-
hydroxy alkanes, such as polyvinyl alcohol, so-
dium alginate, certain of the cellulose ethers
such as methyl cellulose, and their derivatives,
such as sodium carboxymethyl cellulose, or hy-
droxyethyl cellulose. It may even be made of rel-
atively impermeable materials such as glass and
other materials commonly used in the photo-
graphic art.

The liquid composition in its preferred em-
hodiment is composed of a developer such as hy-
droquinone, a film-forming substance such as
sodium carboxymethyl cellulose, and a substance
adapted to form from a latent photographic
image a positive image-forming component.
This latter substance in a preferred form of the
invention is sodium thiosulfate. There are 21so
preferably included other substances to aid the

photographic reaction, such as a preservative, .

i. e., sodium sulfite (anhydrous) and an alkali,
i, e., sodium hydroxide, plus water to carry the
above-mentioned elements in solution. Suitable
liquid compositions may be produced as shown
in tha following nonlimiting example:

Examnple

The following substances are put In a beaker
and stirred with a plastic rod until dissolved:

wWater o e ce_. 476
Sodium thiosulfate. . c v grams.. 18
Sodium hydroxide. e do_.._ 175

The following substance is then stirred into
the above mixture:

Sadium carboxymethyl cellulose, medium
viscosity (Lot No. 1195 Hercules)
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The above mixture is stirred in a closed mixer
having a nitrogen atmosphere over the liquid
therein, and the temperature is raised to 178° F.
The mixture is maintained at this temperature
for approximately 3% hours. During the first
two hours 10 grams of sodium thiosulfate are
added to the above mixture. During the last
hour of hea! treatment 18 grams of hydroqui-
none are added to the mixture. 249 cc. of water

are then added to the mixture some time before

the completion of the 3% hour heating period.

Various equivalents may be used in the above-
mentioned liquid composition and it is equally
possible to substitute for the thickening and film-
forming sodium carboxymethyl cellulose other
film-forming agents, such for example as hy-
droxyethyl cellulose. Equally other developers,
preservatives, and alkalies may be used, and
other substances such as restrainers may be
added.

Tha container 16 is preferably formed of a
substance such as an oxygen and water-vapor
impervious material, such, for example, as a
sheet of wax impregnated, metal coated paper
or wax coated metal foil, or a metal foil coated
with a resin, such as polyvinyl butyral, which is
inert to alkali.

In the use of the invention as described above,
the photosensitive layer (2 is exposed to actinic
licht through the base layer (0 and, without
further exposure to light, the whole assembly is
subjected to a mechanical stress such as by pass-
ing through a wringer, not shown, starting with
the container end. As the film is squeezed
throuzh the wringer, the container (6 is ruptured
and the liquid composition is uniformly spread
between the photosensitive layer (2 and the
image-carrying layer (4.

When the liguid composition is spread hetween
the photosensitive layer 12 and the image-car-
rying layer 14, the developer develops the latent
photographic imade and the sodium thiosulfate
forms silver complexes with the unexposed silver
halide grains and carries these complexes into
the image-receiving layer, being formed by the
solidification of the filim-forming substance con-
tained in the liquid composition. These com-
plexes are then developed and formed into a
positive image. While this process is in opera-
tion, as stated above, the film-forming substance,
i. e., the sodium carboxymethyl cellulose is being
solidified into a dimensionally stable film.

The photosensitive layer in this modification of
the invention is preferably made of a very fine-
erained emulsion, so as to prevent scattering of
licht during its passage through the emulsion
Jayer. Thus, the latent image which is formed
on the lower surface of the photosensitive layer
is substantially as sharp as the latent image
formed on the upper surface of the photosensitive
layer. It should also be noted that the developer
composition shown in the example is quite a
contrasty developed. It therefore accentuates
the contrast and compensates somewhat for any
scattering or diffusion of the image caused by
the ccattering or diffusion of light passing
through the photosensitive layer. There is thus
prodiiced an image which has substantially the
same detail as an image produced by exposing
first the side of the photosensitive material
which is first contacted by the liquid composition.

There is a disadvantage in the use of a very
fine-grained silver halide emulsion, in that such
a, fine~-grained emulsion is ordinarily not so sen-

sitiye to light as a large-grained emulsion, and
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therefore requires a greater exposure to give the
same density.

Although an acceptable image is produced in
accordance with the process and products out-
lined above in the discussion of Fig. 1, it has been
found that superior results are obtained by uti-
lizing a very thin layer of photosensitive mate-
rial. Such a layer is made so thin that, even
though it may comprise relatively large grains of
silver halide, it does not have sufficient depth to
creats any appreciable scattering of light with-
in the photosensitive layer, and it maintains a
high sensitivity due to the use of larger grains.
When this very thin layer of photosensitive ma-
terial is used, it is desirable to use a very thin
layer of liquid composition, since, with most de-
velopers, it is preferred to exhaust the developer
In the area of the highlights of the positive
Image, so that no developer remains to cause a
stain -therein. The use of an extremely thin
liquid layer, however, involves certain mechani-
cal difficulties, such as the necessity for ex-
tremely careful spreading of the liquid layer, SO

that there may not be any inequalities of layer

thickness. Also, it has the added disadvantage
that a small error in thickness with a thin layer
of liguid gives a much larger percentage error in
total thickness of the layer. |
Another modification of the invention, there-

fore, includes the additional provision in the film

unit of a layer of a material which is capable of
reacting with the liquid composition to prevent
the existence of any developer in stain-f orming
condition in the highlights of the positive image.
Such a material may take the form of an oxidiz-
Ing agent associated with the photosensitive
layer, which oxidizes the developer and renders
the developer relatively immobile, thereby trap-
ping the developer in the place where it iz oxi-
dized. Such an oxidizing agent may be a layer of
very fine-grained, pre-exposed photosensitive
emulsion, or it may be an oxidizing agent such as
sodium perborate. It is also possible for such a
material to be a substance such as lead acetate
or an acid which has the ability of lowering the
pE of the Hauid composition, at least in the high-
lights of the positive image, to a point where
staining by the developer cannot take place. It
is also possible to utilize a developer which, when
oxidized, is capable of coupling with a dye-cou-
pler to form an immobile dye. If this be the case,
a dye-coupler should be incorporated in the layer
with the oxidizing agent and thus, as the excess
developer becomes oxidized, it couples to form an
immobile dye and is thereby kept from the high-
lishts of the positive image.

Turning now to Fig. 2, there is shown a modi-
fication of the invention wherein a very thin, rel-
atively large-grained photosensitive layer is pro-
vided. As shown in Fig. 2, there is provided a
base layer I8, which corresponds to the base
layer 8 of Fig. 1. Coated on the lower surface
of this layer 10, there is provided a layer 24 of a
very fine-grained photosensitive emulsion which
has been uniformly exposed to actinic lizht to
make it developable. There is next provided on
this uniformly pre-exposed photosensitive layer
a very thin layer 22 of a relatively large-grained
photosensitive emulsion adapted to be exposed in
a camera to a subject image. As in Fig, 1, there
is also provided an image-carrying layer 14 and
a liquid container 16, positioned between the thin
photosensitive layer 22 and the image-carrying
layer i4.

In this modification of the invention, the base
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layer 10 is preferably formed of a suitable cellu-
losic film base, such as cellulose acetate, cellulose
nitrate, etc. The  pre-exposed photosensitive
layer 24 preferably comprises a very fine-grained
silver halide emulsion, and the photosensitive
layer 22 comprises a relatively large-grained sil-
ver halide emulsion. 'The layer 24 may however
comprise a nonphotosensitive silver salt or a
slightly photosensitive silver salt of an organic
linear high polymer. The liquid composition car-
ried by the container 16 may be of the type de-
scribed In the example above, although it pref-
erably contains about half the amount of hydro-
quinone and sodium thiosulfate listed in that ex-
armple. Giher suitable developers, of course, may
be used in the practice of the present invention.
I'ne image-carrying layer 14 is preferably formed
of a sheet of bartya-coated paper, and, in a pre-
ferred example, the baryta paper has coated

thereon a material, or materials, which will in-.

solubilize the film-forming material, increase the
contrast, and reduce the alkalinity in the high-
lights of the positive image. A preferred example
of such a material is lead acetate. @~

In the use of the embodiment of the invention

‘described in connection with Fig. 2, the photo-

sensitive layer 22 is exposed to actinic light from
the subject image, through the base layer 10 and
the fine-grained pre-exposed photosensitive layer
24, Due to the extremely fine grains in the layer
24, there is substantially no scattering or diffu-
sion of the light passing therethrough, and the
latent image formed in the photosensitive layer
22 has a sharpness comparable with that obtained
by exposing this layer from the side thereof which.

15 1irst contacted with the liquid composition.
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- material which is capable
0

The film unit is processed, in a preferred ex-
ample, by passing it through a pair of pressure.
rollers, the container end going first. This re-
leases the liquid composition from the container
and spreads it in a uniform layer between the
image-carrying laver {4 and the photosensitive
layer 22. As in the previous discussion of the
photographic process involved, the developer de-
velops the latent image in the photosensitive
layer 22. The sodium thiosulfate forms soluble
silver complexes with the unexposed silver halide,
and these silver complexes are developed by the
developer into a positive image on and within the
film formed by the film-forming material of the
liquid composition. If a relatively thin layer of
liquid composition is utilized, the amount of de-
veloper available for reacting with any portion
of the photosensitive layer 22 may be such that
it will be completely exhausted by developing 2
fully developable portion thereof. However, since
the formation of such a thin, very uniform layer
requires accuracy of controls not desired in g

- Camera apparatus, it is preferred to use g thicker

layer of developer. 'The developer in excess of
that required to fully develop a fully developable
portion of the photosensitive layer 22 is exhausted
by developing the developable photosensitive ma-
terial in the pre-exposed photosensitive layer 24.
Thus, there are combined, in a film unit of the
type described above, the advantages of extreme-
ly small-grained photosensitive material with a
consequent reduction of scattering and diffusion
of light passing therethrough, the high sensitivity
of the large photosensitive grains, and the free-
dom from the requirements of extreme aCcCcuracy
in spreading the liquid developer layer. |

As stated previously, it is possible to use. as the
of reacting with the
liquid composition to prevent the existence of any
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developer in stain-forming cendition in the high-
Hghts of the positive image, a material other than

a filne-grained pre-exposed photosensitive ma-

terial, and such materials may be g nonphotosen-
sitive oxidizging agent such as sodium peroor: ata.

In this latter case, the layer 24 might be formed

of an emulsion of very small crystals of sodiumd
perhorate cogted onto bhase {0 prior to the
casting thereon of the photosensitive layer 22.
Tt is equally apparent, of course, that the
oxidizing agent may be placed on the sur-
face of the base laver by any other suitable
means such as by evaporating or preelpluat—
ing from a concentrated solution thereof.
also desirable in some instances to utilize, with
the above process, a color-forming developer, such
as diethylparaphenylenediamine hydrochloride.

If such a develover is used, a color former adapted

to couple with the oxidized developer may be in-
corporated in layer 24 along with the oxidizing
agent. Such a color former may be D- -nitro-
phenylacetonitrile or 2,4 dichloiro- I-naphthol. It

is. obvious, from the above discussion, that the

immobile dye-forming materials may be used
either with a pre-exposed photesensitive layer or
with an oxidizing agent layer.

It is also possible to utilize, instead of an oxi-
dizing agent for preventing stain-forming in the
highlights, a substance which will act to lower

the pH of the liquid composition in the area of ¢

the highlights of the positive image to such an

extent that, even though there may be some un-

oxidized developer in the highlishts of the posi-
itve image, it is incapable of forming a stain due
to the fact that the pH is sufficiently low to pre-
vent formation of such a stain.

For this purpose it has been found possible to
use varioug metallic- salts such as those of lead,
zine, and cadmium;, either alone or in combina-
tion. It is believed that these salts have the ef-
fect of forming insoluble metal hydroxides with

the sodium hydroxide of the liguid composition

and thus lowering the alkalinity of the liquid.
When a comparatively thick layer of liquid com-
position is. utilized: with the result that there is
o considerable excess of unused developer in the
highlights. it is desirable to use a proportion-

ately larger amount of the material for prevent~

ing stain in the highlights.

While the above discussion of the invention has

been limited primarily to the preferred form

thereof, it is equally apparent that the layer 24
of material capable of preventing stain. due to

excess developer may be placed in a position other
than between the base layer and the photosensi-
‘tive layer. This layer is preferably positioned so
that its reaction with the liquid composition is

somewhat delayed so that it does not interfere
with either the development of the latent image:
This

or the production of the positive image..
layer can, therefore, be placed beneath the image-
carrying layer. If such be the case, the position
of this laver will depend upon the color of the

reaction product of the liquid therewith. When
this reaction product is'a colored substance this:
layer is preferably covered by a coating, such as

baryta, which will hide the colored product.

When the reaction product is white or colorless

this layer may be coincident with the surface of
the image-carrying layer.

In many cases it is desirable to provide, in film
units of the above type, a nonhalation layer om:

the side of the photosensitive layer opposite from

that which is first reached by the actinic light

It is
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used in exposing said photosensitive:layer.. In the 75

!
present invention it is desirable to use 4 nonhala-
tion layer which has such permeabllity as not to
interfere with the ionic transfer of image-form-
ing components and also one which is not dis-
solved by the lquid compositmn utilized in de-
Velopmg the' photosensitive layer and creating
the final positive image. Such a layer should
4lsé be so formed that the materials thereof are
non-=miigratory and do not enter into the photo-
sensitive layer to any considerable extent, sirice
otherwise they might reduce the sensitivity of the
photosens1t1ve layer. This particular feature is
of considerdble importance 1n those cases where
i extremely thin photosensitive layer is utilized.

In Fiz. 3, there is shown one modification of
the present invention having incorporated there-
in & nonhgzlation layer. In Fig. 3, where like
numbers correspond to like elements of Mig. 2,
there is provided the usual base layer (0, a layer
28 of material capable of reacting with a liquid
¢ompyosition used for developing the photosensi-
tive material to prevent the existence of any de-
veloper in stain-forming condition in the high-
lights of the positive image. Next, there is pro-
vided a very thin layer 22 of a large grain photo-
sensitive material. Coated on this photosensi-
tive layer 22 there is a nonhalation layer 30. The
usual container 16 for a liquid composition is
provided and there is also included an image-
carrying layer (4,

The materials best suited for the above ele-
ments of the combination have been discussed in
considerable detail above., In one preferred mod-
ifiration of the invention, the layer 30 is formed
by cosatinz on the photosensitive layer 22 an
emulsion of gelatin and very finely comminuted
carben, such as carbon black or a lamp black.
Such a layer is permeable to the 11qu1d compoqi-
tion and does not appear to interfere with the
ionic transfer of the image-forming components.
This nonhalatiori layer may, however, be made
of other permeable materials having mcorporated'
therein immobile, insoluble dyes. This layer 30
should be formed of a film-forming material in

= which silver will not form as readily as in the

film-forming material from container 16.

In the use of the modification of the inven-
tion shown in Fig. 3, the photosensitive layer is
exposed to actinhic light through layers 0 and

. 24 and is then processed, such- as by passing

through a pair of nressuré rollers, the container
end goinz first. The liquid composition is re-
leased: from the container {6 and is spread in a
uniform layer betwéen the layer 30 and the

imaod~carrying layver {4.- The developer developg

the latent image in the photosensitive layer 22,
and the sodium thiosulfate creates positive
image-forming components with the unexposed
cilver halide;, and transfers: these components:
through the nonhalation. layer 30 to-the: film: cre-
ated by the film-forming material. These image-
forming components are then formed into a final,
stable, positive image by means of some of the:
unused developer. The excess developer remain-
ing is made incapable of forming a- stain in one
of several ways. It is either used up by oxidizing
the material in. layer 24 or the alkalinity of the
liquid composition is lowered, by the material in:
laver 24. to such' an extent that oxidation: of the
excess developer cannot take place.

Although the nonhalation laver 30 has been
described in connection with a film unit of the
tvpe shown in Fig. 2, it is'apparent that this n’on’-
hzlation layer may be equally mcorporated in
the embodiments of the invention shown in Pig.
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1. When incorporated in this embodiment of the
invention it will act in the same manner. That
18, it prevents halation in the photosensitive layer
and does not interfere with the photographic
Process.

It should also be understood that, although
the invention has been described in terms of in-
dividual film units, it may be practiced with roll
films wherein a plurality of images are produced
and the roll film may be treated so as to produce
each image separately or all images simultane-

ously.
Since certain changes may be made in the

above product without departing from the scope
of the invention, it is intended that all matter
contained in the above description or shown in
the accompanying drawing shall be interpreted
as 1llustrative and not in a limiting sense.

What is claimed is: ‘.

A composite film unit having a photosensitive
element which comprises a transparent base layer
on one side of which two silver halide layers are
superposed and through the second side of which
actinic light is transmitted for exposing said
photosensitive element, a first of said silver halide
layers comprising a pre-exposed fine grain silver
halide emulsion supported upon the first-men-
tioned side of said transparent base, and a sec-
ond of said silver halide layers constituting an
unexposed thin, large grain silver halide emul-
sion in which a latent image is adapted to be
formed upon exposure of said photosensitive ele-
ment, said second silver halide layer being sup-
ported upon the outer surface of said first silver
halide layer, an image-carrying layer for a trans-
fer image secured to said photosensitive element
In superposed relation thereto on the same side
thereof as said second silver halide layer, and a
rupturable container holding a liquid composi-
tion comprising g silver halide developer and a
silver halide solvent rendered effective upon rup-
ture of said container to develop a latent image in
sald second silver halide layer to silver and to form
with unexposed silver halide in the second silver
halide layer a soluble silver complex for trans-
fer by imbibition to said image-carrying layer
for formation therein of a reversed image in silver

of said latent image, said rupturable container be- -
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ing mounted between said photosensitive element
and said image-carrying layer at a position there~
between for releasing its liquid content upon rup-
ture and, without removal of its ruptured portion,
for permeation into said photosensitive element,
including the second silver halide layer thereof,
and into said image-carrying layer.

EDWIN H. LAND.
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