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ABSTRACT OF THE DISCLOSURE 
Process for forming positive images comprising: 
(1) Exposing an outer silver halide layer of a photo 

graphic element having a contiguous inner silver halide 
layer, 

(2) Developing the outer layer with a solution having 
silver diffusion transfer characteristics containing a hy 
droxybenzene compound, a different developing agent and 
a silver halide solvent, and 

(3) Removing the outer layer. 

This application is a continuation-in-part of application 
Ser. No. 217,299, filed Aug. 16, 1962, now abandoned. 

This invention relates to photographic processes and 
more particularly to processes for forming positive images 
in silver halide emulsion layers. 

Various silver transfer processes are known. The prior 
art is replete with various photographic element structures, 
processing media and procedures for producing direct im 
ages from gelatino-silver halide emulsion layers of such 
elements. In ordinary photographic processes, a negative 
is made by exposing a high-speed, large grain gelatino 
silver halide emulsion layer, usually on a transparent Sup 
port to an original or image by means of a camera or 
other exposing means. The exposed layer is developed, 
fixed, washed and dried. A positive image representing the 
original scene is then obtained by exposing, usually, a 
slower speed small grain gelatino-silver halide emulsion 
layer coated on a paper support by a contact printer or 
with a projection enlarger to the above negative. The ex 
posed element is then developed, fixed, washed and dried. 
All of the above operations are obviously costly and time 
consuming. A newer process involves either one or two 
elements, one of which is a high-speed negative silver 
halide emulsion and the other is a so-called image recep 
tive layer. In this process, the negative element is ex 
posed in a camera in the same manner as explained above; 
but the element is processed in a special type of developer 
which contains a silver halide solvent. During develop 
ment, the exposed silver halide corresponding to the 
negative is reduced to metallic silver; but at the same 
time, the unexposed and undeveloped silver halide mi 
grates to the image-receptive layer, either by virtue of the 
fact that the negative emulsion was coated over the image 
receptive layer to form an integral product, or because 
the two elements, the image-receptive layer and the nega 
tive emulsion layer coated on separate supports are held 
in intimate contact during the above development. The 
image-receptive layers may be of several different types 
but generally comprise particles dispersed in a colloid car 
rier, e.g., gelatin, of substances capable of catalyzing the 
reduction of silver halide complexes to silver. It is clear 
that several advantages accrue from this type of process 
ing. Only one exposure step and one development step is 
necessary together with the fact that the operator need 
only one piece of apparatus, e.g., a camera or a photo 
graphic printer. 

High speed taking emulsions are generally large grained 
and have low developed-silver covering power. This, of 
course, results in lower maximum density and lower con 
trast in the final negative image. 
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It is an object of this invention to provide a new process 

of silver transfer development. It is a further object to pro 
vide a process of silver transfer development which yields 
images having higher maximum densities and higher con 
trasts. A still further object is to provide a silver transfer 
process which utilizes large grain, high speed, silver halide 
emulsions to produce final images of developed silver hav 
ing a high covering power. A further object is to provide 
a silver transfer process which affords a highly flexible 
method of controlling speed, contrast and density in pho 
tographic images. A still further object is to provide a 
silver transfer process which is simple to perform and may 
be applied in practically all fields where conventional neg 
ative/positive, inverse transfer, reversal, reflex copy and 
other photographic processes are normally used. 
A process of the invention, in one of its aspects, com 

prises: 

(1) Exposing, imagewise, the outer light-sensitive silver 
halide emulsion layer of a photographic element hav 
ing a contiguous inner, non-fogged silver halide layer 
on a support, the silver salt in said inner layer being 
at least as soluble aqueous developer solution as the 
silver salt in the outer layer, 

(2) Developing the outer layer with an aqueous devel 
oper solution having silver diffusion transfer character 
istics containing: 

(i) a developing agent taken from the group consist 
ing of a polyhydroxybenzene, p-aminophenol and 
2,4-diaminophenol. 

(ii) at least one developing agent taken from the 
group consisting of a polyhydroxybenzene, p-ami 
nophenol, 2,4-diaminophenol, p-methylaminophe 
nol, 1-phenyl-3-pyrazolidone, 1-phenyl-4-methyl-3- 
pyrazolidone, and ascorbic acid, and 

(iii) a silver halide solvent, and, if desired, 
(3) Removing the outer layer and, if desired, 
(4) Reducing any remaining positive silver salt image. 

In a further aspect of the invention, the process com 
prises: 
(a) Exposing, imagewise, the outer light-sensitive silver 

halide emulsion layer of a photographic element hav 
ing a contiguous inner developable silver halide layer on 
a support, the silver salt in said inner layer being at 
least as soluble as the silver salt in the outer layer, 

(b) Developing said exposed outer layer to form a silver 
image in said layer, by a developer composition sub 
stantially devoid of silver diffusion transfer character 
istics; 

(c) Developing the outer layer with an aqueous developer 
solution having silver diffusion transfer characteristics 
containing: 

(i) a developing agent taken from the group consist 
ing of a polyhydroxybenzene, p-aminophenol and 
2,4-diaminophenol, 

(ii) at least one developing agent taken from th 
group consisting of a polyhydroxybenzene, p-ami 
nophenol, 2,4-diaminophenol, p-methylaminophe 
nol, 1-phenyl-3-pyrazolidone, 1-phenyl-4-methyl-3- 
pyrazolidone, and ascorbic acid, and 

(iii) a silver halide solvent, and, if desired, 
(d) Removing the outer layer, and, if desired, 
(e) Reducing any remaining positive silver salt. 
According to a preferred aspect of this invention, the 

outer silver halide layer is a high-speed, large grain, low 
covering power silver halide emulsion layer containing 
at least 80 grams of gelatin per 1.5 moles of silver halide 
and the inner silver halide emulsion layer is a hardened 
(e.g., formaldehyde hardened) low-speed, fine grain, high 
covering power unsensitized silver halide emulsion, said 
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emulsion containing 15-80 grams, and preferably 30-60 
grams of gelatin per 1.5 moles of silver halide. 

In the process just described, the development to form 
the negative image can be completed prior to the develop 
ment in the presence of the silver halide solvent or the 
latter can take place during or subsequent to the develop 
ment to form a negative image. 
The outer emulsion layer (I) can, for example, be a 

sensitized, gelatino-silver bromoiodide emulsion layer and 
the inner layer a hardened, low-speed, high covering 
power gelatino-silver chlorobromide emulsion layer con 
taining not more than 80 grams of gelatin per 1.5 moles 
of silver halide (II) on a film, paper or other support. 

Suitable silver halide solvents include sodium, potas 
sium and ammonium thiosulfates. 
With a structure of the above type, silver transfer de 

velopment may be carried out in a single step to form a 
silver image in (I) and a silver salt image in (II). This 
is then followed by washing in warm water to remove 
layer (I). It is essential in the single development process 
that the silver salt in layer (II) must be at least as soluble 
as the silver salt in layer (I). The positive silver salt image 
formed in layer (II) may be made visible by various 
means, the preferred of which is development by a fog 
ging developer which reduces the positive silver salt image 
to a visible silver image. The image may also be made 
visible by toning or fogging, followed by conventional 
black and white or color coupling development. 
The process may also be carried out by developing with 

a low solvent developer first, followed by a second silver 
salt transfer developer and warm water wash off to give a 
positive silver salt image which may be reduced to a 
visible silver image as described above. 

Processing may be carried out in a tray, tank or any 
other conventional equipment well-known in the art. 

In general, for the elements constructed as described 
above, the best results will be obtained with fast acting, 
high energy, high pH developers containing phenidone, 
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hydroquinone and a silver halide solvent such as sodium 
thiosulfate. In addition it is desirable to include either 
in the developer or in the top emulsion layer (I) a sub 
stance which inhibits tanning due to oxidized developer. 
There are many such compounds but mercapto com 
pounds such as 1-phenyl-5-mercapto tetrazole have been 
found suitable. Compounds such as urea and resorcinol 
which act as gelatin solubilizers are also suitable. How 
ever, the type of developer will depend on the type of 
emulsions used and the results to be obtained. For ex 
ample, under certain conditions, either a positive or a 
negative tanned image may be obtained with a one step 
silver transfer development. 

In carrying out the process, one can use an element 
wherein both silver salt emulsion layers are hardened. 
In this case, of course, the high degree of adhesion be 
tween the two layers would make the removal of layer 
(I) difficult if not impossible. Separation, however, may 
be accomplished by placing a thin, soft, water diffusible 
layer between layers (I) and (II). 
The invention will now be illustrated, but is not in 

tended to be limited, by the following examples. 
EXAMPLE I 

A fine grain gelatino-silver chlorobromide emulsion 
containing 70 mole percent chloride and 30 mole percent 
bromide was prepared in a conventional manner by precip 
itating the silver halide in an aqueous gelatin medium by 
reacting soluble silver nitrate and soluble halide salts. The 
resulting emulsion which contained about 15 grams of gel 
atin per 1.5 moles of silver halide was freed or unwanted 
soluble salts formed by the precipitation reaction by 
Washing by coagulation in the manner taught by Waller 
et al. U.S. 2,489,341. The emulsion was redispersed and 
without digestion or the addition of sensitizers but with 
the addition of a hardener and 30 g. of gelatin, it was 
coated on a photographic film Support of the type de 
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4. 
scribed in Example IV of Alles, U.S. Patent 2,779,684, 
on which had been coated a thin anchoring substratum 
layer of gelatin (0.5 mg./dm.). The emulsion was coat 
ed to give a coating weight of about 110 mg./dm.2 of silver 
bromide equivalent. Over this layer there was coated at 
about 50 mg./dm. of silver bromide equivalent an emul 
sion similar to the above containing about 80 g. of gelatin 
per 1.5 moles of silver halide, except that the emulsion 
was digested to bring it up to normal speed and sensitized 
with an ortho optical sensitizing dye of the type disclosed 
in Brooker et al. U.S. Patent 2,493,748. Before coating, 
there was also added to the emulsion .10 gram of 1 
phenyl-5-mercaptotetrazole per 1.5 mole of silver halide 
for the purpose of decreasing the solubility of the silver 
halide in the outer layer. 
The coated emulsion was then dried in a conventional 

manner. The resulting element was given a 10-second 
exposure through a neutral density step wedge in which 
the density of each step increased by the fourth root of 
two using a Type I-B intensity scale sensitometer equipped 
with a No. 2 sensitometer lamp at a scale setting of 81, 
a Wratten No. 79 filter at the shutter, and a white K-2 
plate between the step wedge and the light source. The 
lamp was operated at an amperage of 8.5. The exposed 
element was developed under safelights for ortho sensi 
tized film for one minute at 68 F. in the following de 
veloper. 

(I) 
Grams 

Hydroquinone ------------------------------ 16.0 
1-phenyl-4-methyl-3-pyrazolidone -------------- 1.0 
Sodium sulfite (anhydrous) -------------------- 80.0 
Boric acid ---------------------------------- 5.5 
Potassium bromide --------------------------- 2.0 
6-nitrobenzimidazole nitrate ------------------- 0.4 
1-phenyl-5-mercaptotetrazole ------------------ 0.1 
Sodium hydroxide --------------------------- 24.0 
Water to make 1 liter. 

The element was then developed at 68° F. for two min 
utes in a developer having the following composition. 

(II) 
. Grams 

Hydroquinone ------------------------------ 16.0 
1-phenyl-4-methyl-3-pyrazolidone -------------- 1.0 
Boric acid ---------------------------------- 5.5 
Potassium bromide --------------------------- 2.0 
Sodium thiosulfate (anhydrous) --------------- 30.0 
Sodium Sulfite ------------------ surr on as me no as 80.0 

6-nitrobenzimidazole nitrate ------------------- 0.4 
1-phenyl-5-mercaptotetrazole ------------------ 0.1 
Sodium hydroxide --------------------------- 24.0 
Resorcinol --------------------------------- 25.0 
Water to make 1 liter. 

The element was then immersed in a short stop solu 
tion at 68 F. of the following formula: 

Ml. 
Glacial acetic acid ----------- --------------- 200 
Potassium bromide 3M ---------ana mrade, ww.------- 1000 
Water to make 1 liter. 

The room lights were turned on and the element was 
washed in water at about 125 F. for 4 minute to remove 
the top emulsion layer. The element was then developed 
at 68 F. for /2 minute in the first developer above and 
washed in cold water and dried. The densities, read in a 
conventional densitometer were as follows: 

Exposure steps 
E13 ------------------------------------- 3.97 
E14 --------------------------------------- 3.10 
E15 --------------------------------------- 1.57 
E16 --------------------------------------- .25 
E17 --------------------------------------- 07 
The positive characteristic curve plotted from the above 

data has a gamma of 18.0. A conventional lithographic 
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film using the above type emulsion in a single coating and A sensitometric curve plotted from the above densities 
exposed and processed in the normal manner would have gave a gamma of 27.0. The gamma of high contrast litho 
2. st of only about 6 to 14. graphic films usually is in the range of 6 to 14, thus it 

in even higher gamma is obtained by processing the b that ti f the i II y 
above element in the following manner. 5 can e seen at the process of the invention allows great 
A strip of the above element was exposed as described flexibility in the selection of contrast, -- 

above and developed under safelight conditions for one A sheet of the film was exposed through a v2 neutral 
minute in a developer at 68 F. having the following density Wedge in a normal manner and then through 
formula: the same wedge in crossed position to a 15-watt lamp at 

(III) 10 110 volts for 4 minute. It was then developed for 2 
Hydroquinone ------------------------------Grigs minutes at 68° F. in a developer of Formula III and 2 
1-phenyl-4-methyl-3-pyrazolidone --------------- 1.0 minutes at 68 F. In a developer of Formula IV both 
Boric acid ---------------------------------- 5.5 of which are set forth above. The developed film was 
Sodium sulfite (anhydrous) -------------------- 80.0 then bathed at 68° F. in the short stop solution, flashed 
Potassium bromide --------------------------- 2.0 to room light and washed in water at about 125 F. to 
6-nitrobenzimidazole nitrate ------------------- 0.4 remove the top emulsion layer. The film was then de 
SEREtotetrazole- 2. veloped 4 minute at 68 F. in the developer for Formula 
Resorcino...........I.I.I.I.I.III 16.0 20 III, washed in water and dried. The densities of the crossed 
Water to make 1 liter. wedge at step 8 are shown in the following table. 

Exposure steps 

E12 E3 E14 E15 E16 E7 E18 E19 E20 E21 

Wedge Uncrossed.------------------ - - - - - - - - - - - - - - - - - - - - 3.90 3.60 3.0 2.48 1.70 

Crossed Wedge Step 8-------- 2.72 i------ 2.44 1.92 1.21 87 .90 .26 .06 

The developed element was then immersed in the short It will be seen from the above data that the threshold 
stop bath at 68 F. set forth above after which it was shoulder speed at a density of about 2.70 is increased 
immersed for two minutes in a bleach bath at 68° F. by a factor of about 11.3 or by about 3% camera stops 
having the following formula: by the uniform 4 minute white light exposure at step 8 

M. on the crossed wedge. 
Glacial acetic acid ---------------------------- 20 MPLE I 
Potassium bromide 3M ------------------------ 100 EXA - 
Potassium ferricyanide (A00, H2O, w./v.) -------- 100 0 A fine grain gelatino-silver chlorobromide emulsion 
Water to make 1 liter. Eig 30 mole priotic al 70 mole Er 

s chloride was prepared in a conventional manner by pre 
This treatment served to bleach the toe In the top negative cipitating the E. halides in an aqueous gelatin medi. 
image. The film was washed for 4 minute and then de- by reacting soluble silver nitrate and the proper soluble 
Yeloped at 6 F for 24 minutes in a silver transfer 45 salts. The resulting emulsion was freed of inwanted soiu. 
developer having the formula: ble salts formed in the precipitation reaction by washing 

by coagulation in the manner taught by Waller et al. U.S. 
(IV) Grams 2,489,341. The emulsion which contained 15 grams of 

Hydroquinone ------------------------------- 16.0 gelatin per 1.5 moles silver halide was redispersed with 
1-phenyl-4-methyl-3-pyrazolidone --------------- 10 50 out digestion or the addition of sensitizers but, with the 
Boric acid ----------------- is as a moved in his a paw on K a sm 5.5 addition of hardeners and 30 grams of gelatin, it was 
Sodium sulfite (anhydrous) -------------------- 80.0 coated on a photographic film support as described in 
Potassium bromide --------------------------- 2.0 Example I at a weight of 100 mg/dm.? of silver bromide 
Sodium thiosulfate (anhydrous) ---------------- 30.0 equivalent, Over this layer there was coated at a coating 
6-nitrobenzimidazole nitrate -------------------- 0.4 55 weight of 50 mg/dm.° of silver bromide equivalent a 
1-phenyl-5-mercaptotetrazole ------------------- 0.1 large grain gelatino silverbromoiodide emulsion contain 
Sodium hydroxide ---------------------------- 240 ing 1.6 mole percent iodide and 98.4 mole percent bro 
Resorcinol ---------------------------------- 16.0 mide. The emulsion was made in the conventional manner 
Water to make 1 liter. . . . . and contained 150 grams of gelatin per 1.5 moles of silver 

60 halide and was sensitized by digesting with an organic sul 
The element was then immersed in the short stop bath fur compound and gold chloride, all according to pro 

set forth above. The purpose of this step is to stop devel- cedures well known to those skilled in the art. , 
opment and solvent action of sodium thiosulfate. The . The coated film was dried and exposed for .08 second 
9om lights were turned on and the film was washed for in the sensitometer of Example I equipped with a V2 
4 minute in water at 125 F. to remove the top layer. 65 step wedge, a Corning filter 5850 plus a 0.3 neutral density 
The film was then developed 1 minute in developer filter with a 500-watt lamp having a color temperature of 

I set forth above to develop the emulsion in the lower 2700 K. The film was developed for two minutes at 68 
layer. The film was then washed in water and dried. The F. in a developer of Formula IV of Example I. The film 
densities were read and are set forth in the following table. was then immersed in the short stop bath of Example I 

70 for /2 minute and washed at about 125 F. to remove the 
E t a O - d. s xposure steps unhardened silver bromoiodide negative layer. The film 

E7--------------------------------------- 4.00-- was developed in white light at 68° F. for 1 minute in a 
E8--------------------------------------- 1.80 developer of Formula I of Example 1, washed and dried. 
E9--------------------------------------- .96 The densities of the final positive image are given in the 
E10------------------------------------... .05 75 following table. 
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Exposure steps 
E9 --------------------------------------- 4.00-- 
E10 -------------------------------------- 3.75 
E11 -------------------------------------- 3.07 
E12 -------------------------------------- 2.52 
E13 -------------------------------------- 1.74 
E14-------------------------------------- 1.00 
E15 -------------------------------------- 53 
E16 -------------------------------------- 23 
E17-------------------------------------- .09 
E18 ------------------------------------- .06 
E19.------------m an as a mm w in a se - m -- an aws m ms .06 

E20 -------------------------------------- .06 
E21 -------------------------------------- .06 

EXAMPLE I 

A film support was coated with the hardened gelatin 
silver chlorobromide emulsion of Example I and then 
overcoated with an unhardened gelatino silver bromo 
iodide negative type emulsion which had been optically 
sensitized with a panchromatic sensitizing dye. 
The coated film was given an exposure in a I-B nega 

tive sensitometer using a V2 step wedge which gave a 
.049 MCS exposure at step E11. The exposed film was 
processed in the same manner as Example II to give the 
following data in the final image. 

Exposure Steps 
El ---------------------------------------- 1.27 
E2 ---------------------------------------- 1.22 
E3 ---------------------------------------- 1.00 
E4 ---------------------------------------- 80 
E5 ---------------------------------------- .65 
E6 ---------------------------------------- .46 
E7 ---------------------------------------- 32 
E8 ---------------------------------------- .11 
E9 ---------------------------------------- 06 
E10 --------------------------------------- .06 
Ell --------------------------------------- .06 

It will be seen from the above data that a high effec 
tive speed can be obtained in an unsensitized fine grain 
silver chlorobromide emulsion. 

EXAMPLE IV 
The film element of Example I was processed in the 

'manner described in Example to give the following re 
'sults. 

Exposure steps 
-------------------------------------- 4.00-- 

E9 3.46 
E10 2.31 
E11 158 
E12 --------- 1.11 
E13 .84 
E14 -- 53 
E15 -nurse- or - a -- - - - - - - r - - - w we - - .04 ... - a 

In the above examples the final positive images are 
iformed by white light fogging and development of the 
tremaining silver halide in the lower emulsion layer. How 
ever the use of white lights is not necessary. The processes 
of the Examples can be carried out completely under 
safelight conditions by adding 2.5 grams of potassium 
iodide per liter to the developer of Formula I of Ex 
ample I. This serves the purpose of fogging the remaining 
silver halide grains and the results are similar to those 
obtained by light fogging. 

EXAMPLE V 
A hardened fine grain gelatino-silver chlorobromide 

emulsion of the unsensitized type described in Example I 
but containing only 15 grams of gelatin per 1.5 moles of 
silver halide was coated on the film support of that ex 
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8 
based on the weight of the silver halide. Over this layer 
there was coated at a coating weight of 79 mg./dm. based 
on the weight of silver halide, a large grain, fully sen 
sitized emulsion of the type described in Example II. 
The coated film was dried and exposed and processed 

as described in Example II except that the first developer 
contained 11.7 grams of resorcinol and 200 grams of 
sodium thiosulfate. The following results in terms of 
densities of the final positive image were obtained as 
shown in the following table. 

Exposure steps 

E12 ------------m. as a room.m. m. is a saw mm an wn on an - - - a 2.55 

E14 ------------ - - - - an are -- - us - on wer. He - - - - - ---- 2.44 

E15. ------------- - - - -sa as a m n - - - - as awa-:w.m. m . . . . a ro 2.13 

E16 --------------------------------------- 1.61 
E17 ------- - - - - - - - ris - a.m. em p r u a rama a re--- r or a-vram m 1.30 

E18 --------------------------------------- 1.01 
iE19 ------------------- - m an on m - as - - - - -r - - - - - -a as 47 

E20 --------------------------------------- .23 
E21 --------------------------------------- .09 

EXAMPLE VI 

A film element constructed as described in Example 
II and exposed as described in Example II was developed 
for 30 seconds in developer I of Example I and having 
the following composition: 

Grams 
p-Hydroxyphenylaminoacetic acid (Glycin) ------ 10 
Boric acid ---------------------------------- 5.5 
Potassium bromide --------------------------- 2.0 
Sodium thiosulfate --------------------------- 15.0 
Sodium sulfite ------------------------------- 80.0 
6-nitrobenzimidazole nitrate ------------------- : 0.4 
1:phenyl-5-mercaptotetrazole ------------------ 0.1 
Sodium hydroxide to adjust pH to -------------- 11.7 
Resorcinol ------------------------- - - - - - - - - - 25 

Water to make 1 liter. 
Subsequent processing steps were the same as in Ex 

ample II to give a final positive image having densities 
very similar to the results in Example II wherein the 
maximum density was 3.8 and the minimum density was 
.09 and the gamma was 3.8. When the exposed strip was 
processed for 16 minutes in the above developer alone, 
a positive image was obtained having a maximum density 
of 3.2, a minimum density of .10 and a gamma of 1.7. 

EXAMPLE VII 

Example VI was repeated except that 10 grams of 
p-aminophenol was used in place of the p-hydroxyphenyl 
aminoacetic acid in the second developer and the pH was 
adjusted to 12.1. Sensitometric results showed that "a 
highly useful positive image was obtained having a maxi 
mum density of 3.8, a minimum density of 0.10 and a 
gamma of 3.1. Processing of the exposed strip for 12 
minutes only in a single developer containing the p-amino 
phenol and the sodium thiosulfate gave a positive image 
having a maximum density of 4.0--, a minimum density 
of 0.09 and a gamma of 3.0. 

EXAMPLE VIII 

Example VI was repeated except that 6 grams of 2,4- 
diaminophenol was used in place of the p-hydroxy 
phenylaminoacetic acid and the pH was adjusted to 7.3. 
The exposed strip was developed for 30 seconds in devel 
oper I of Example I and then for 10 minutes in the solvent 
developer to give a good positive image having a maxi 
mum density of 2.1, a minimum density of 0.06 and a 
gamma of 1.0. Developing the strip 13 minutes in the 
single solvent developer gave a positive image having a 
maximum density of 3.2, a minimum density of 0.06 and 

ample to give a coating weight of about 11.6 mg/dm. 75 a gamma of 1.3. 
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EXAMPLE X 

Example VI was repeated except that 4 grams of ascor 
bic acid was used in place of the p-hydroxyphenylamino 
acetic acid and the pH was adjusted to 11.7. The ex 
posed strip was developed for 1 minute in developer 
of Example I and 12 miniutes in the above solvent devel 
oper containing ascorbic acid to give a positive image 
having a maximum density of 3.5--, a minimum density 
of 0.8 and a gamma of 4.5. Some difficulty was encoun 
tered in removing the top emulsion layer due to the tan 
ning action of the ascorbic acid. 
This disadvantage can be overcome by bathing the de 

veloped element in a conventional hydrogen peroxide 
bleaching bath to bleach the silver and refnove the top 
layer in the image areas, leaving the silver halide non 
exposed and non-developed areas on top of the positive 
silver halide image in the under layer. Upon further 
processing the hydrogen peroxide bathed element as de 
scribed in Example II, the residual layer in the top layer 
served to reinforce the positive image in the bottom 
layer. 

EXAMPLE X 
Example VI was repeated except that 6 grams of 2,4- 

aminophenyl and 2 grams of p-methylaminophenol were 
used in place of p-hydroxyphenylaminoacetic acid and 
the pH was adjusted to 7.95. Processing the exposed strip 
for 30 seconds in developer I of Example I and 10 min 
utes in the above solvent developer gave a positive image 
having a maximum density of 3.8--, a minimum density 
of .08 and a gamma of 1.7. Development of the exposed 
strip for 10 minutes in the solvent developer alone gave 
a positive image having a maximum density of 3.4, a 
minimum density of .08 and a gamma of 2.5--. 
The novel process of this invention provides a rapid 

and simple means by which silver images can be made at 
the highest exposure speeds of conventional negative 
emulsions and yet have developed silver covering powers 
equal to or better than the slowest fine grain conventional 
emulsions. This characteristic may be used to give either 
(1) higher speed, contrast and maximum density or (2) 
equivalent sensitomertic characteristics with less silver 
halide coating weight. Another advantage is that large 
changes in sensitometric characteristics are easily obtained 
through simple changes in processing. 
The process of the invention provides a novel and prac 

tical means of making direct positive products having ex 
cellent sensitometric characteristics and ranging in speed 
from the slowest to the fastest conventional silver halide 
emulsions presently available. The process is particularly 
suited to those applications typical of recording films and 
papers which require maximum speed and contrast. Di 
rect positive, high contrast graphic arts lithographic films 
of greatly increased speed as compared to conventional 
lithographic films are possible with the process of this 
invention. The novel process of the invention may also be 
utilized in the field of radiology, particularly in the medi 
cal X-ray field where improved sensitometric characteris 
tics and speed are greatly desired. 

I claim: 
1. A process which comprises: 
(1) exposing, imagewise, the outer light-sensitive silver 

halide emulsion layer of a photographic element hav 
ing a contiguous inner, non-fogged silver halide lay 
er on a support, the silver salt in said inner layer 
being at least as soluble in aqueous developer solu 
tion as the silver salt in the outer layer, 

(2) developing the outer layer with an aqueous devel 
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10 
oper solution having silver diffusion transfer charac 
teristics containing: 

(i) a developing agent taken from the group con 
sisting of a polyhydroxybenzene, p-aminophenol 
and 2,4-diaminophenol, 

(ii) at least one developing agent taken from the 
group consisting of a polyhydroxybenzene, p 
aminophenol, 2,4-diaminophenol, p-methylami 
nophenol, 1-phenyl-3 pyrazolidone, 1-phenyl-4- 
methyl-3-pyrazolidone, and ascorbic acid, and 

(iii) a silver halide solvent, and 
(3) removing the outer layer. 
2. A process according to claim 1 wherein the emul 

sion layers are gelatino-silver halide emulsion layers. 
3. A process according to claim 1 wherein the outer 

emulsion layer is a gelatino-bromoiodide layer and the 
inner layer is a gelatino-bromochloride layer predominat 
ing in silver chloride. 

4. A process according to claim 1 embodying the addi 
tional step 

(4) reducing any remaining silver salt image. 
5. A process which comprises: 
(a) exposing, imagewise, the outer light-sensitive silver 

halide emulsion layer of a photographic element hav 
ing a contiguous inner, non-fogged silver halide lay 
er on a support, the silver salt in said inner layer be 
ing at least as soluble in aqueous developer solution 
as the silver salt in the outer layer, 

(b) developing said exposed outer layer to form a silver 
image in said layer, by a developer composition sub 
stantially devoid of silver diffusion transfer charac 
teristics; 

(c) developing the outer layer with an aqueous devel 
oper solution having silver diffusion characteristics 
containing: 

(i) a developing agent taken from the group con 
sisting of a polyhydroxybenzene, p-aminophenol 
and 2,4-diaminophenol, 

(ii) at least one developing agent taken from the 
group consisting of a polyhydroxybenzene, p 
aminophenol, 2,4-diaminophenol, p-methylami 
nophenol, 1-phenyl-3-pyrazolidone, 1-phenyl-4- 
methyl-3-pyrazolidone, and ascorbic acid, and 

(iii) a silver halide solvent, and 
(d) removing the outer layer. 
6. A process according to claim 5 wherein the emulsion 

layers are gelatino-silver halide emulsion layers. 
7. A process according to claim 5 wherein the outer 

emulsion layer is a gelatino-bromoiodide layer and the in 
ner layer is a gelatino-bromochloride layer predominat 
ing in silver chloride. 

8. A process according to claim 5 embodying the addi 
tional step 

(e) reducing any remaining positive silver salt image. 
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