
Aug. 21, 1951 E. H. LAND 2,565,378 
PHOTOGRAPHIC PRODUCT 
Filed Sept. 19, 1950 

X-RAY PHOTOSENSTIVE LAYER 

OPA QUE . BASE LAYER IO 2 

SèS7 1. 4. 

zSyz OPAQUE MAGE - CARRYING LAYER 

F. G. 

6 

O 2 

FG 2 

28 26 

gae YNXS NN s2.f5. ray NSY1 K. NSN N N N. 22 

28 26 24 

FIG 3 

NVENTOR 

64. 14-6-4 
BY 

3-64 62-or 
4-2/ 

  

  

  

  

    

  

  

  

  

  



Patented Aug. 21, 1951 

.. 

UNITED STATES PATENT OFFICE 
PHOTOGRAPHIC PRODUCT 

Edwin H. Land, Cambridge, Mass, assignor to 
Polaroid Corporation, Cambridge, Mass., a cor 
poration of Delaware 

2,565,378 

Application September 19, 1950, Serial No. 185,642 
(C. 250-68) 4 Claims, 

This application relates to novel photographic 
products particularly useful for employment with 
X-rays and other radioactive rays. . . . . 
The present application is a continuation-in 

part of and a substitute for my copending appli 
cation, Serial No. 727,384, filed February 8, 1947, 
for Photographic Product, now abandoned. . . ; 
A principal object of the present invention is 

to provide an improved photographic product 
which can be used to obtain negative- or positive 
fixed stable images when exposed to X-ray or 
other radioactive rays and processed by the appli 
cation thereto of a mechanical stress. 
Another object of the present invention is to 

provide such products which are cheaper and give 
positive images of increased density and defini 
tion over that ordinarily obtained with the prod 
ucts of the prior art. 
These and other objects of the invention will 

in part be obvious and will in part appear herein 
after. 
The invention accordingly comprises the prod 

uct possessing the features, properties and the re 
lation of components which are exemplified in the 
following detailed disclosure, and the Scope of the 
application of which will be indicated in the 
claims. - -- 

For a fuller understanding of the nature and 
objects of the invention, reference should be had 
to the following detailed description taken in con 
nection with the accompanying drawing wherein: . 
Figure 1 is an exaggerated cross-sectional dia 

grammatical view of a preferred type of film unit 
embodying the present invention; 

Fig. 2 is an exaggerated diagrammatical Sec 
tional view of the film unit of Fig. 1 during proc 
essing thereof; and 

Fig. 3 is an exaggerated diagrammatical Sec 
tional view of another form of the invention. 

This invention relates generally to new and 
improved products useful in obtaining photo 
graphic records of latent images created by X-ray 
or other radioactive rays. In a preferred process 
of the present invention, a silver halide photo 
sensitive layer is exposed to X-rays or other ra: 

0. 

5 

20 

25 

30 

35 

40 

45 
dioactive rays, and the latent negative image 
thus created is developed by spreading a Viscous 
liquid solution of a developer in a layer adjacent 
said photosensitive layer. This layer of liquid 
preferably also includes a silver halide solvent 
and the spreading thereof is preferably accon 
plished by releasing said liquid from a container 
therefor and translating the bulk of the released 
liquid across said photosensitive layer. In a pre 
ferred form of the invention, the liquid is held 
in a protective environment, such as an oxygen 
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and water vapor impervious elongated container, 
the container being positioned along the edge of 
a predetermined area, to be covered by said liquid, 
the container being sufficiently elongated so that 
the liquid is distributed along one dimension of 
said area. In a preferred product this container 
is positioned between the photosensitive layer and 
another layer which assists in spreading this 
liquid in a uniform thin layer adjacent said 
photosensitive layer. This second layer prefer 
ably also serves to carry, on or in its surface, a 
positive image of a latent negative image created 
by exposure of said photosensitive layer to ac 
tinic rays, this layer being hereafter referred to 
as an image-carrying layer. At least the outer 
surfaces of both of these layers are preferably 
opaque to actinic light and at least one of these 
layers is transparent to X-rays or other radio 
active rays. This positive image is preferably 
formed as the result of the development of the 
negative image and the transfer of undeveloped 
silver complexes from the photosensitive layer to 
the image-carrying layer, these complexes being 
formed by means of the silver halide solvent. 

Referring now to Fig. 1, there is shown a croSS 
sectional exaggerated view of one preferred modi 
fication of a film unit embodying the present in 
vention. This film unit comprises a base layer 
O which is opaque to actinic light but trans 

parent to X-rays and other radioactive rayS. 
On the inner surface of the base 0 there is pro 
vided a layer 2 of a silver halide photosensitive 
material adapted to have created therein a latent 
negative image upon exposure to X-rays and 
other radioactive rays. There is also provided an 
image-carrying layer 4 which is preferably 
opaque to actinic light and transparent to X-rays. 
Between the photosensitive and image-carry 
ing layers there is positioned an elongated con 
tainer 6 having therein a predetermined quan 
tity of a liquid composition. 
In a preferred form of the invention the base 

layer O is a black, paper, or black dyed cellu 
losic film base, or a transparent film base pro 
vided with a light-opaque backing Such as paper. 
The photosensitive layer 2 is an ordinary Silver 
halide photosensitive material suitable for use in 
X-ray work. The image-carrying layer 4 pref 
erably comprises a sheet of baryta, paper having 
a light-opaque backing. The inner surface of 
the image-carrying layer is preferably coated as 
set forth in the following nonlimiting example: 

Eacample 1 
A sheet of baryta, paper is run through a bath 

containing a 4% water solution of neutral lead 
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acetate, the sheet being in contact with this bath 
for about 30 seconds. The sheet is dried and 
next run through a bath containing a /40% 
water solution of sodium sulfide, the sheet being 
in contact with the bath for about 1% Seconds. 
The sheet is dried and then run through a bath 
containing a water solution of 1.5% neutral lead 
acetate, 15% cadmium acetate and 45% zinc 
nitrate, the sheet being in contact with this bath 
for about 20 Seconds. 
The container 6 is preferably formed of a 

relatively flexible material, folded upon itself to 
provide a longitudinally sealed edge. A preferred 
container comprises a paper-backed metal foil 
Coated on its inner surface with an alkali-inert 
resin, such as polyvinyl butyral, the Sealed edge 
of the container having incorporated therebe 
tween a layer of a material such as ethyl cellulose 
which imparts less strength to the Sealed edge 
than the end of the container which is sealed by 
means of the polyvinylbutyrailining. 
A preferred liquid composition for inclusion in 

the container comprises an alkaline viscous solu 
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tion of a film-forming material, a developer and 
a silver halide Solvent. A preferred liquid com 
position is made in accordance with the follow 
ing nonlimiting example: 

Eacample 2 
The following ingredients are placed in a me 

chanical mixer and mixed at room temperature 
for three hours: 

GranS 
Sodium carboxymethyl cellulose (Hercules 

1658 medium Wiscosity) -------- a as as as 247.2 
Sodiurn carboxymethyl cellulose. (Hercules 

#1672 high Viscosity).------------------ 31.8 
Water ---------------------------------- 558O 
To the above mix, the following ingredients 

are added in the order named arad mixed under 
an inert atmosphere for two hours at 50° C.: 

Gians 
Sodium sulfite--------------------------- 235 
Sodium hydroxide----------------------- 223.8 
Sodium thiosulfate---------------------- di3.5 
Citric acid------------------------------ 15.5 
Hydroquinone -------------------------- 156 

EDuring the use of the above described film unit, 
it is exposed to X-ray or other radioactive rays 
Which preferably pass through the light-opaque 
image-carrying layer and impinge upon that sur 
face of the photosensitive layer f2 which is 
closest to the image-carrying layer 4, thus giv 
ing the Sharpest image at this surface of the 
photoSensitive layer. The film unit is then 
processed by the application of a mechanical 
Stress thereto, Such as by passing the film unit 
through a pair of pressure rollers 20 as shown in 
Fig. 2, the container end of the film unit going 
first. The pressure rollers release the liquid 8 
from the container 6 and translate the bulk 
of the liquid across the surface of the photo 
Sensitive layer 2, leaving a very thin layer of 
the liquid between layers 2 and 4. When this 
layer of liquid composition is composed of in 
gredients of the type set forth in the preferred 
Example 2, the developer develops the latent 
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negative image and the silver halide Solvent 
forms Soluble Silver complexes with the unde 
Veloped Silver halide. These silver complexes are 
transferred to the image-carrying layer where 
they are converted into a visible positive image. 
It is believed that the lead sulfide on the image 

O 

4. 
tive image by (1) forming insoluble Specks of 
Silver Sulfide with silver in the transferred Com 
plex, these Specks acting as precipitation nuclei 
for the positive image, and (2) forming an in 
Soluble lead thiosulfate to aid in the reduction 
of the complex to silver. The other SaltS on the 
image-carrying layer increase the Stability of the 
positive inage by slowly lowering the pH of the 
image to a point where staining does not occur. 
This neutralizing or acidifying reaction is pref 
erably So adjusted that the pH is not appreciably 
OWered until the positive and negative images 
have been formed. 
The film unit of Fig. 1 and the process of 

forming an image by the use of Such a film unit 
have certain definite advantages which make 
them particularly suitable for clinical use. In 
the first place the film unit is completely opaque 
to actinic light and, therefore, may be handled 
in daylight without danger of fogging. This 
characteristic enables the film unit to be exposed 
to radioactive rays without the requirement of 
any special exposure housing for the photoSensi 
tive film. ... The photographic process allows the 
production of a finished positive image, in a 
time of from a few seconds to about 1 minute, 
depending upon the processing materials en 
ployed. This latter feature of the invention is 
of extreme importance when rapid clinical diag 
nosis is essential, now abandoned. This proceSS 
ing requires no baths or tanks and can be read 
ily accomplished by the simple application of a 
progressive mechanical stress to the film unit. 
The photographic process enables the use of 

cheaper photosensitive emulsions since the silver 
grains precipitated in the positive image have a 
Smaller average grain size than the silver halide 
grains from which they are derived and therefore 
have an increased covering power. This charac 
teristic of the process obviates the necessity for 
the use of the double layer photosensitive emull 
sions ordinarily employed in X-ray photography 
for obtaining the desired density. The thinness 
of the photosensitive layer, which is feasible in 
this process, gives a higher definition Since there 
is less Scattering of the X-rays by the Silver halide 
grains during exposure. 
The Speed, cheapneSS and freedom from con 

plicated processing apparatus make this product 
particularly Suitable for use during Surgical oper 
ations and enable the surgeon to determine in 
mediately the results of his surgery. For ex 
ample, by the use of the present invention it is 
possible to tell, within a few seconds after the 
Setting of a broken limb, whether or not the 
limb was properly set. The other advantages of 
Such a proceSS or product are so numerous in 
the fields of Surgery, dentistry and clinical diag 
nosis as to be obvious to those skilled in the 
art. 
While the invention has been discussed in con 

nection with preferred modifications thereof 
Wherein a positive image is directly obtained from 
a latent negative image, there are some cases 
Where the negative image is desired rather than 
the positive image. In such a circumstance the 
developed negative image may be used in place 
of the positive image and such a modification of 
the invention is to be considered as being within 
the Scope of this application. 
In those cases where a negative is desired and 

a double photosensitive layer is employed, a modi 
fication of the invention of the type shown in 
Fig. 3 is particularly useful. In this figure there 

carrying layer assists in the formation of the posi- is is shown a base layer-22 on each side of which 



5 
is a photosensitive layer 24. Positioned adjacent 
each of the two photosensitive layers 24 is a con 
tainer 28, and Surrounding the assemblage is a 
light-opaque and X-ray permeable envelope 26. 
With such a modification of the invention, the 
materials of the film unit are preferably those 
discussed in connection With previous forms of 
the invention. During processing, the liquid from 
the two containers is spread in parallel layers 
across the two photosensitive layers and, at least, 
develops and fixes these two layers. 
When a negative image is the end product most 

desired, the gelatino Silver halide emulsion pref 
erably comprises an emulsion similar to Motion 
Picture Release Positive made by Eastman Kodak 
Co. In this case, one preferred processing liquid 
includes the ingredientS listed in the following 
nonlimiting example: 

Eacantiple 3 

100 grains 5%. Water Solution of Sodium car 
boxymethyl cellulose - 

15 grams Sodium sulfite 
20 grams Sodium hydroxide 
12 grams hydroquinone 
30 grams Sodium thiosulfate 
With Such an emulsion and liquid composition, 

the backing layers 26 preferably comprise outer 
layers of a suitable opaque material Such as lead 
er Stock aminated to inner layers of baryta, pa 
per, for example. 
When the liquid of Example 3 is Spread be 

tween the two exposed photosensitive layers 24 
and their superposed backing layers 26, the de 
veloper develops the exposed Silver halide grains ' 
and the silver halide solvent forms Soluble Silver 
complexes With the unexposed silver halide 
grains, transporting the Silver complexes from 
the silver halide layers to the liquid layers and 
the inner surfaces of layers 26 to fix the de 
veloping negative imageS. 

For convenience, the expression 'X-ray' has 
been used in the Specification and the claims 
and is intended to cover all photographically use 
ful radioactive rays such as those emanating from 
an X-ray tube, radium, or radioactive isotopes. 
A preferred form of the invention has been 

described wherein the liquid composition includes 
in Solution all the materials, Such as the de 
veloper and the silver halide solvent, for car 
rying out the chemical processing of the film 
unit. It is equally possible, however, to include 
any or all of these materials in solid form in the 
film unit in position to be dissolved by the liquid 
as it is spread. Such modifications of the in 
wention are intended to be included Within the 
scope of the present application. 

Since certain changes may be made in the 
above product without departing from the Scope 
of the invention herein involved, it is intended 
that all matter contained in the above descrip 
tion or shown in the accompanying drawings 
shall be interpreted as illustrative and not in a 
initing Sense. 
What is claimed is: 
:1. A photographic product containing all of 

the material, including a photographic developer 
and in the amount required to develop at least 
two X-ray images in said product, said product 
comprising a first liquid-confining layer, a second 
liquid-confining layer, a base layer positioned 
between said liquid-confining layers, a first silver 
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halide photoSensitive layer carried by one side 
of said base layer, a second silver halide photo 
sensitive layer carried by the other side of said 
base layer, each Said photosensitive layer in 
cluding a predetermined area, adapted to have a 
latent image formed therein upon eXposure to 
X-rays, a first liquid-carrying container posi 
tioned between said base and Said first liquid 
confining layer, and a second liquid-carrying 
container positioned between Said base and Said 
Second liquid-confining layer, each said container 
holding a viscous processing liquid and including 
a sealed mouth rupturable by increased hydraulic 
pressure within the confined liquid, each of Said 
liquid-confining layers including a stratum which 
is opaque to actinic light, Said two liquid-con 
fining layers being Sealed together So as to pro 
wide a liquid-confining envelope including there 
within said two containers, said two photosensi 
tive layers and said base layer, Said containers 
being secured within said envelope adjacent edges 
of their associated image areas, at least one of 
said liquid-confining layers and Said base layer 
being substantially transparent to X-rays to per 
mit exposure of said two photoSensitive layers 
to X-rays, at least one of said two liquid-confining 
layers and at least one Wall of each of Said con 
tainers being flexible to permit pressure applied 
to the outer surfaces of said envelope to increase 
the hydraulic pressure within the Viscous liquid 
carried by said two containers So as to rupture 
the sealed container mouths, said envelope being 
sufficiently impervious to said liquid to confine 
said liquid therewithin when said liquid is released 
from said two rupturable containers and Spread 
under pressure across said photoSensitive layers 
on both sides of said base layer, Said liquid being 
in the amount required for developing latent 
images in said two photosensitive layers, said 
product including a developer for silver halide. 

2. The product of claim 1 wherein the liquid 
in each container comprises a Viscous acqueous 
alkaline solution of a silver halide developer and 
a silver halide solvent. 

3. The product of claim 1 wherein Said tWO 
containers are positioned adjacent one edge of 
the product so that the liquid can be released 
and spread from both said containers by passing 
said product once between a pair of pressure rolls. 
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4. The product of claim 1 wherein Said tWO 
liquid-confining layers serve as image-receiving 
sheets upon which positive prints of the Subject 
matter of the latent images in said photosensi 
tive layers are obtained. 

EDWIN, H. LAND. 
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