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This invention relates to a photographic process of the 
silver halide diffusion transfer type wherein undeveloped 
silver halide of an emulsion layer is transferred as a silver 
complex imagewise by diffusion to a silver precipitating 
or nucleating layer generally to form a silver photo 
graphic image, generally a positive, therein. 
As is known in the art, the diffusion transfer type 

process can be carried out by developing an exposed 
emulsion layer with a developing solution containing a 
silver halide solvent after which the emulsion layer is 
placed into contact with a second element carrying a 
silver precipitating layer to cause the undeveloped silver 
halide to transfer imagewise as a silver complex to the 
second element and form an image thereon. 
The diffusion transfer process has also been carried 

out utilizing a multilayer element such as one carrying 
on a support two gelatin layers of different solubility, for 
example, the layer next to the support containing a silver. 
precipitating agent and being harder than the outer gelatin 
layer which is a gelatin emulsion layer containing silver 
halide. After exposure of the element, development is 
carried out with the silver halide solvent containing de 
veloper to obtain a silver positive in the hardened gelatin 
silver precipitating layer, after which the emulsion layer 
containing the negative silver image is washed or stripped 
06, leaving the positive image on the support. 
As a practical matter, it is di?icult to harden the 

underlying gelatin nucleating layer of an element of this 
type without unduly hardening the outer gelatin emulsion 
layer and, even then, over a period of time, the silver 
halide emulsion layer tends to harden which makes the 
differential removal in the ?nal step of the process difficult 
or impossible. 
We have discovered a method of keeping the unhard 

ened gelatin from becoming insoluble when coated over 
hardened gelatin while not affecting the hardness of the 
hardened layer. 
One object of the invention is to provide an all-gel 

system for a two-layer diffusion transfer process having 
an unhardened gelatin, silver-halide containing layer which 
resists hardening coated over a hardened gel, silver pre 
cipitating layer. 
An additional object is to provide 

keeps unhardened gel from becoming insoluble in the 
presence of gel hardening agents, such as formaldehyde. 
An additional object is to provide a gel layer which can 
easily be removed by washing away with water. 
The above objects are attained by adding semicar 

bazide salt to the unhardened gelatin layer which is 
coated over the hardened gel layer. The semicarbazide 
is added in an amount of 3 to 16% by weight based on 
the gelatin content. 

In the accompanying drawing is illustrated, in greatly 
enlarged cross-sectional view, a sensitive element illus 
trating one embodiment of our invention. As shown 
therein, in stage 1, a representative sensitive element in 
cludes a support 10, such as paper, cellulose ester or 
synthetic resin, if desired carrying a subbing layer not 
shown, and on the support the silver precipitating layer 
11, for example, a gelatin layer containing a colloidal 
heavy metal or heavy metal sul?de and thereon an emul 
sion layer 12 containing silver halide grains dispersed in 
gelatin containing semicarbazide. As shown in stage 1, 
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the element is exposed to a light, halftone or continuous 
tone subject in a suitable manner, preferably so as to 
obtain a “right-reading” reproduction, the exposure being 
shown as taking place in area 13 of the emulsion layer 12. 

In carrying out the process of our invention, the ex 
posed element is then developed with a silver halide 
developing solution containing a silver halide solvent, such 
as sodium thiosulfate, with the result that a silver image 
is developed in area 13 and shortly thereafter the residual 
undeveloped silver halide is transformed to a soluble sil 
ver complex, a portion of which diffuses imagewise to a 
silver precipitating layer 11, where an argental image is 
formed by reaction of the silver complex with the silver 
precipitating agent of the silver precipitating layer. The 
emulsion layer 12 containing the negative silver image is 
then merely washed free from the support with an excess 
of water to obtain the reproduction shown in stage 2 
of the drawing wherein the argental positive image oc 
cupies areas 14 of the silver precipitating layer 11. 
The silver precipitating layer or stratum referred to 

herein is a water-permeable, organic ‘colloid layer, prefer 
ably gelatin, containing a silver precipitating agent; that 
is, an agent capable of yielding with silver ion a dark 
colored argental or silver-containing substance, when dis 
solved silver salts from the emulsion layer come into 
contact with it. The silver precipitating agent may com 
prise either physical development nuclei or a chemical 
precipitant for silver ions. 

Suitable silver precipitating agents for use in the silver 
precipitating layer for forming the argental image in 
clude sul?des, selenides, polysul?des, polyselenides, thio 
urea, mercaptans, stannous halides, heavy metals and 
heavy metal salts, and fogged silver halide. Heavy metal 
sul?des such as lead, silver, zinc, antimony, cadmium and 
bismuth sul?des are useful, particularly the sul?des of 
lead and zinc alone or in admixture, or complex salts 
of these with thioacetamide, dithiol-oxamide, or dithiol~ 
biuret. The heavy metals include silver, gold, platinum, 
palladium and mercury, preferably in the colloidal form. 
The noble metals are particularly e?icacious. 
The silver precipitating agents may be applied directly 

to a support, such as paper, or to suitable subbed cellu 
lose derivative supports, or synthetic polymer supports, 
from solutions or dispersions of the silver precipitating 
agents in colloidal vehicles, such as gelatin. The gelatin 
can be hardened using hardeners known in the art, such 
as formaldehyde, chromic chloride, muchloric acid, di 
ketones (bis-acetyl), or the like. In general, the alde 
hyde-type hardeners are preferred. When a gelatin sub 
stitute is used, the colloidal vehicle must be hardened or 
else must be rendered insoluble in the wash solution 
used to remove the unhardened gelatin layer from the 
surface. 

The silver halide gelatino emulsion can be applied 
directly over the silver precipitating layer, but a thin 
layer of gelatin or an alkaline-soluble polymeric mate 
rial suf?ciently sensitive to salts so that solution does 
not occur during processing but occurs as soon as water 
is applied as in washing may be ?rst applied, followed 
'by the emulsion layer. This thin layer is not essential; 
however, it has been found to facilitate the clean re 
moval of the emulsion from the silver precipitating layer. 
The silver halide component of the photographic emul 

sion is not especially critical and can include various 
silver halides and mixtures of silver halide, such as silver 
bromoiodide, silver chloride or silver bromide, etc. They 
may be optically sensitized in the usual manner. 
The emulsion may be developing-out emulsions, de 

signed for development to negative images in which case 
the image obtained in the silver precipitating layer is a 
positive with respect to the original subject. If desired, 
the emulsion can be of the direct positive type, with the 
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result that the silver image developed in the emulsion is 
a positive and the image in the silver precipitating layer 
a negative in respect to the original subject. The pro 
cedures of Leermakers, U.S. Patent No. 2,184,013, and 
Kendal et al., US. Patent No. 2,541,472, are useful in 
conferring the direct positive characters to the emulsions. 
The silver halide developing solution used for initiat 

ing the development of the exposed sensitive element de 
scribed above is not especially critical and can be of the 
conventional type used for developing ?lm or papers with 
the exception that a silver halide solvent such as sodium 
thiosulfate, sodium thiocyanate, etc., is present in the 
quantity required to form the soluble silver complex, 
which diffuses imagewise to the silver precipitating layer. 
Silver halide developing agents useful in the develop 
ing solution include hydroquinones, e.g. halogenated 
hydroquinones, toluhydroquinones, aminophenols, e.g. 
monomethyl-p-arninophenol sulfate and glycerine, 3-py 
razolidone developing agents, such as l-phenyl-S-pyrazo 
lidone, such as combinations of 1-phenyl-3-pyrazolidones 
with hydroquinones, ascorbic acid, reductones, and the 
like, may be used. 

Yackel et al., US. Patent No. 3,020,155, issued Feb 
ruary 6, 1962, discloses a photographic diffusion transfer 
process in which a silver halide emulsion in a vehicle of 
alkali-soluble cellulose derivative is used to obviate hard 
ening from in the emulsion layer. It will be appreciated 
that modi?cations disclosed in connection with Yackel 
et al. product, such as improving the tone of the image, 
and the like, may also be used in connection with our 
invention. . 

In the Yackel et a1. process and the process of the 
present invention in the examples hereinafter, the silver 
halide developing agent may be incorporated in either 
the developing solution or the emulsion itself. In the 
‘latter case, it is preferable to use a substantially non 
diffusing developing agent, such as 3,4-dihydroxydiphenyl, 
in the emulsion layer. 
The following examples illustrate our invention, ,but 

are not intended to limit it in any way. 

Example I 
A coating was prepared which contained 0.270 g. gela 

tin, 16 micrograms zinc sul?de, and 0.018 g. formalde 
hyde per square foot of ?lm base. Over this was coated 
a silver halide gelatino sensitized emulsion at a cover 
age to yield .625 g. gelatin, 0.360 g. silver, and 0.050 
g. semicarbazide HCl-sodium salt. Evaluation was car 
ried out by processing, after exposure, in a developer con< 
taining the following: 

Gms. 
Hydroquinone _____________________________ __ 11.0 

P-N-methylamino-phenol sulfate ______________ __ 4.66 

N32SO3 ___________________________________ _._. Na2CO3 __________________________________ .__. N32320:; __________________________________ __ Sodium tetraphosphate ______________________ __ 4.0 

Sodium hydroxide __________________________ __ 4.0 

Benzotriazole ______________________________ __ .112 

Metaboric acid ____________________________ __ 1.32 

Benzylamine _______________________________ __ 2.0 

Water to make 1 liter. 

With fresh samples of the above coating and a con 
trol coating without the semicarhazide, the negative “top” 
layer could be washed off easily. After four weeks in 
cubation at 120° F., 50% relative humidity, however, 
the negative layer of the control could not be removed, 
whereas the negative layer of the coating containing the 
semicarbazide salt could be readily removed. 
The semicarbazide sa‘lt can be incorporated in a bar 

rier layer between the nuclei and emulson layers if such 
a barrier layer is used. The semicarbazide salt can be 
placed in a water- or alkali-permeable layer where it will 
be readily available to the emulsion layer to prevent 
hardening of this layer from migration of the hardener 

20 

25 

30 

35 

40 

45 

55 

60 

65 

75 

4 
from the nuclei layer. The semicarbazide salt might be 
placed instead in a permeable overcoat over the emulsion 
‘layer where it would be free to diffuse into the emulsion 
layer to inhibit hardening therein. 

Example 2 

A coating was prepared which contained 0.270 g. gela 
tin, 1.6><l0—5 g. nickel sul?de, and 0.018 g. formalde 
hyde per square foot of ?lm base. Samples of this coat 
ing were over coated with a sensitized gelatino-silver 
halide emulsion at a coverage to yield 0.530 g. gelatin, 
0.360 g. silver and the level of semicarbazide salt listed 
below. 

Coating A-—~.033 g. semicarbazide-HCl-sodium salt per 
sq. ft. ‘ 

Coating B—.050‘ g. semicarbazide-HCl-sodium salt per 
sq. ft. 

Coating C—.067 g. semicarbazide-HCl-sodium salt per 
sq. ft. 

These samples were evaluated as described in Example 
1 and were all found to yield the useful results described 
for the experimental coating described in Example 1. 
The invention has been described in detail with par 

ticular reference to preferred embodiments thereof, but 
it will be understood that variations and modi?cations can 
be effected within the spirit and scope of the invention as 
described hereinabove and as de?ned in the appended 
claims. 
We claim: 
1. A light-sensitive photographic element comprising 

a support, a silver precipitating stratum containing silver 
precipitating nuclei and hardened colloid on the support, 
said colloid hardened with an aldehyde type hardener, 
and adhered to said stratum an unhardened light-sensitive 
gelatin emulsion layer containing silver halide and a 
compound selected from the class consisting of semi 
carbazide and the water-soluble semicarbazide salts 
thereof. 

. 2. A light-sensitive photographic element comprising 
a support, a silver precipitating stratum containing silver 
precipitating nuclei and hardened colloid on the support, 
said colloid hardened with an aldehyde type hardener, and 
adhered to said stratum and unhardened light-sensitive 
gelatin emulsion layer containing silver halide and 3—16% 
by weight semicarbazide, based on the gelatin in the 
emulsion. 

3. A method of forming a photographic image which 
comprises developing an exposed silver halide emulsion 
comprising the top layer in a photographic element in 
cluding a support, a silver precipitating stratum contain 
mg silver precipitating nuclei and hardened colloid on 
the support, said colloid hardened with an aldehyde type 
hardener and adhered to said stratum an unhardened 
light-sensitive gelatino-silver halide emulsion layer con 
taining silver halide and a compound selected from the 
class consisting of semicarbazide and the water-soluble 
semicarbazide salts thereof, by developing a latent image 
in the emulsion layer with a silver halide developing solu 
tion containing a silver halide developing agent and a 
silver halide solvent for a time sufficient to form a silver 
image and an imagewise distribution of a soluble silver 
complex in the emulsion layer, allowing a portion of 
said silver complex to diffuse imagewise to said silver 
precipitating stratum and the silver of said portion of 
said silver complex to he precipitated in said stratum 
and removing the emulsion layer from said stratum. 

4. A light-sensitive photographic element comprising 
a support, a silver precipitating stratum containing silver 
precipitating nuclei and hardened colloid on the support, 
said colloid hardened with an aldehyde type hardener 
and adhered to said stratum an unhardened light-sensitive 
gelatin emulsion layer containing silver halide and semi 
carbazide hydrochloride-sodium salt. I 

5. A light-sensitive photographic element comprising 
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a support, a silver precipitating stratum containing silver 
precipitating nuclei ‘and hardened colloid on the support, 
said colloid hardened with an aldehyde type hardener, 
and adhered to said stratum an unhardened light-sensitive 
gelatin emulsion layer containing silver halide and 3—16% 
by weight semicarbazide hydrochloride-sodium salt, based 
on the gelatin in the emulsion. 

6. A method of forming a photographic image which 
comprises developing an exposed silver halide emulsion 
comprising the top layer in a photographic element in 
cluding a support, a silver precipitating stratum containing 
silver precipitating nuclei and hardened colloid on the 
support, said colloid hardened with an aldehyde type 
hardener, and adhered to said stratum an unhardened 
light-sensitive gelatino-silver halide emulsion layer con 
taining silver halide and semicarbazide hydrochloride 
sodium salt, by developing a latent image in the emulsion 
layer with a silver halide developing solution containing 
a silver halide developing agent and a silver halide solvent 
for a time su?icient to form a silver image and an image 
wise distribution of a soluble silver complex in the emul 
sion layer, allowing a portion of said silver complex 
to diffuse imagewise to said silver precipitating stratum 
and the silver of said portion of said silver complex to be 
precipitated in said stratum and removing the emulsion 
layer from said stratum. 

7. A light-sensitive photographic element comprising a 
support, a silver precipitating stratum containing silver 
precipitating nuclei and hardened colloid on the support, 
said colloid hardened with an aldehyde type hardener, a 
colloid barrier layer on said stratum containing a com 
pound selected from the class consisting of semicarbazide 
and the water-soluble semicarbazide salts thereof and ad 
hered to said barrier layer an unhardened light-sensitive 
gelatin emulsion layer containing silver halide. 

8. A light-sensitive photographic element comprising a 
support, a silver precipitating stratum containing silver 
precipitating nuclei and hardened colloid on the sup 
port, said colloid hardened with an aldehyde type hardner, 
a colloid barrier layer on said stratum containing 3—16% 
by weight of a compound selected from the class con 
sisting of semicarbazide and the Water-soluble semi 
carbazide salts thereof, and adhered to said barrier layer 
an unhardened light-sensitive gelatin emulsion layer con 
taining silver halide. 

9. A method of forming a photographic image which 
comprises developing an exposed silver halide emulsion 
comprising the top layer in a photographic element in 
cluding a support, a silver precipitating stratum containing 
silver precipitating nuclei and hardened colloid on the 
support, said colloid hardened with an aldehyde type 
hardener, a colloid barrier layer on said stratum contain 
ing a compound selected from the class consisting of 
semicarbazide and the water-soluble semicarbazide salts 
capable of reacting with an aldehyde to form semicar 
bazones, and adhered to said barrier layer an unhardened 
light-sensitive gelatino-silver halide emulsion layer con 
taining silver halide and a compound selected from the 
class consisting of semicarbazide and the water-soluble 
semicarbazide salts thereof, by developing a latent image 
in the emulsion layer with a silver halide developing solu 
tion containing a silver halide developing agent and a 
silver halide solvent for a time su?icient to form a silver 
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image and an imagewise distribution of a soluble silver 
complex in the emulsion layer, allowing a portion of said 
silver complex to diifuse imagewise to said silver pre 
cipitating stratum and the silver of said portion of said 
silver complex to be precipitated in said stratum and 
removing the emulsion layer from said stratum. 

10. A light-sensitive photographic element comprising 
a support, a silver precipitating stratum containing silver 
precipitating nuclei and hardened colloid on the support, 
said colloid hardened with an aldehyde type hardener, a 
colloid barrier layer on said stratum containing semi 
carbazide. 

11. A light-sensitive photographic element comprising a 
a support, a silver precipitating stratum containing silver 
precipitating nuclei and hardened colloid on the support, 
said colloid hardened with an aldehyde type hardener, a 
colloid barrier layer on said stratum containing 3—16% by 
weight of a semicarbazide and adhered to said barrier 
layer an unhardened light-sensitive gelatin emulsion layer 
containing silver halide. 

12. A method of forming a photographic image which 
comprises developing an exposed silver halide emulsion 
comprising the top layer in a photographic element in 
cluding a support, a silver precipitating stratum contain 
ing silver precipitating nuclei and hardened colloid on the 
support, said colloid hardened with an aldehyde type hard 
ener, a colloid barrier layer on said stratum containing 
a semicarbazide, and adhered to said barrier layer an un 
hardened light-sensitive gelatino-silver halide emulsion 
layer containing silver halide and a ‘compound selected 
from the class consisting of semicarbazide and the water 
soluble semicarbazide salts thereof, by developing a latent 
image in the emulsion layer with a silver halide develop 
ing solution containing a silver halide developing agent 
and a silver halide solvent for a time su?icient to form a 
silver image and an imagewise distribution of a soluble 
silver complex in the emulsion layer, allowing a portion 
‘of said silver complex to diifuse imagewise to said silver 
precipitating stratum and the silver of said portion of 
said silver complex to :be precipitated in said stratum and 
removing the emulsion layer from said stratum. 
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