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5 Claims. ’(c1. 96-529) 
This invention relates to an improved method for the 

manufacture of photographic images by a “dry” proc 
essing of photographic silver halide emulsions and to ma 
terial for the application of this method. 

It is known from the German patent speci?cation 888, 
045 that photographic layers can be obtained which are 
developable by heat,-by incorporating into silver halide 
emulsions substances which reduce silver halide salts, such 
as hydrazine, phenyl hydrazine, acid hydrazides, semi 
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good results when used in this new method, are identi?ed 
hereinafter: 

1-phenyl-3-pyrazolidone 
l-(m-tolyl) -3-pyrazolidone 
17phenyl-2-acetyl-3-pyrazolidone 
1-phenyl-4amethyl-3-pyrazolidone 
l-phenyl-5-methyl-3-pyrazolidone 
1-phenyl-4,4-dimethyl-B-pyrazolidone 
1-phenyl-5,5-dimethyl-3-pyrazolidone 
1,5 -diphenyl-3-pyrazolidone 
l-(rn-tolyl) -5-phenyl-3-pyrazolidone 

' 1-(p—tolyl)-5-phenyl-3-pyrazolidone 
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carbazides, methyl-p-aminophenol sulphate, hydroqui- ’ 
none and pyrocatechol. - 

Other suitable reducing compounds for heat develop 
ment processes are aromatic amino-, hydroxy-, and amino 
hydroxy-compounds and their derivatives, many exam 
ples of which are described in German patent speci?ca 

\ tion 895,101 and Belgian patent speci?cations 544,850, 
545,042 and 555,103. - 
The use of the developing substances, however, which 

are described in these patent speci?cations, involved vari 
ous disadvantages.’ Especially the keeping quality of such 
emulsions before exposure leaves much to be desired. 

Also the image obtained is of an inferior quality be 
cause of the too low density and the too soft gradation of 
the light-sensitive material. _ 

According to the present invention a process has been 
found for the production of photographic images by heat 
development, wherein a photographic material compris 
ing a silver halide emulsion layer and incorporated in this 
silver halide emulsion layer and/or in a layer adjacent 
thereto, a S-pyrazolidone compound of the formula 
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wherein: 
R1 represents a hydrogen atom, an aryl radical or a 

‘ substituted ‘aryl radical; _ 
R2 represents a hydrogen atom or an acyl radical; 
each of R3, R4, R5 and R6 (equal or different) represents 

a hydrogen atom, an alkyl radical, a substituted alkyl 
radical, an aryl radical or a substituted aryl radical, 

after or during exposureto an object to be reproduced, is 
subjected to a heat treatment, the pH of the silver halide 
emulsion during the heat-development being 7 or less. 
Some compounds according to the present invention, 

which appeared from the experiments to give particularly 
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5-phenyl-3-pyr-azolidone 
The developing substances according to this invention 

may be incorporated, either into the silver halide emul 
sion or into a separate adjacent layer. 
The best known of these developing substances viz. 

l-p-henyl-B-pyrazolidone on itself possesses only poor de 
veloping properties as far as development in‘ aqueous 
medium is concerned (J. D. Kendall, Brit. J. Phot. (1951) 
539). ‘It is really surprising that these substances, even 
when used in the absence of any other developing sub 
stance, possess a high developing power if used in a pho-v 
tographic material subjected to heat-development. , Still 
more unexpected is the vfact that this strong developing 
power even occurs not only in neutral and weak acid me 
dium, but even in relatively strong acid medium, e.g., of 
pH 4.5. 
The developability of the above described silver halide 

emulsions can still be improved by incorporating into 
these emulsions compounds which on heating liberate 
water. ~ , 

The use of hydrophilic plasticizers, e.g., glycerol, cap 
rolactam, polyethylene glycol and the like, also results 
into an improvement of the heat-developa-bility. Also in 
this kind of emulsions the image quality can be improved 
by incorporating into the emulsions compounds which 
favorably in?uence the image tone, e.g., l-phenyl-S-mer 
captotet-razole or similar products, which are described in 
British patent speci?cation 561,875 and Belgian patent 
speci?cation 502,525. 
An advantage of the new process is the excellent quality 

of’the produced images with regard to the density as well V 
as in respect of the gradation. After rinsing and ?xing, 
the obtained density is also much better kept than it is 
in the case with the most known developing substances. 
A second advantage is the short developing time: in 

some cases the development has to last for only 1 to 10 
sec. at a temperature between 100 and 200° C. Further 
more, the material according to the invention has very 
good keeping properties'before its exposure, as derivatives 
of ‘1-phenyl-3-pyrazolidone in a non-alkaline medium and 
a normal temperature show but a poor reactivity. 
A further advantage is the broad thermal margin of 

working up or the silver halide emulsions which are pre 
pared with these new compounds. It has been experi 
enced that the temperature ?uctuations during the heat 
development may amount to 30 to 40° C. without incur 
ring the risk that less good images are obtained. 
The amount of warmth which is necessary for the de 

velopment may be applied onto the material in various 



. waves possess a wave-length of 10~4 to 10"1 cm. 
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ways. So the silver halide emulsion can be developed 
by conduction, by contacting it with heated plates or roll 
ers, by placing it between two capacitor plates which are 
subjected to a high frequency ?eld, or by subjecting it to 
the Joule effect. The silver halide emulsion can also be 
developed by convection, e.g., by contacting it with di 
rected warm gas stream. For this purpose, e.g., warm 
air or steam may be used. Finally the silver halide emul 
sion can also be developed by warmth radiation. The 
use of infrared radiation sources is especially suited there 
for, not only because they have an intensive developing 
power, but also because they enable simultaneously to 
expose and to develop in a fraction of a second. By infra 
red radiation sources those radiation sources are under 
stood of which the major part of the radiated energy 

In this 
way it is possible to contact a light-sensitive material, pre 
pared according to this invention, with a ?lm negative and 
to move it along a light-source which is rich in infrared 
radiations so as to obtain immediately a very strong posi~ 
tive image. 
An especially interesting embodiment of this invention 

is the manufacture of prints of the heat-developed images 
according to the transfer process, which is described in 
the German patent speci?cation 895,101. As is described 
in that German patent speci?cation the silver halide layers 
which are developable by heat, contain a developing sub 

4, . 

(1,2)triazolium chloride and 2-phenyl-3-(o-carboxyphen 
yl) -naphtho ( 1,2) triazolium chloride. 
Some tetrazolium compounds according to the above 

Formula III which appeared from the experiments to give 
particularly good results are, e.g., 2,5-diphenyl-3-(o-car 

, boxyphenyl)-2,l,3,4-tetrazoliurn chloride, 2,5-diphenyl-3 
(o-methoxyphenyl)~2,l,3,4-tetrazolium chloride and 2,5 
diphenyl - 3 - (p-methoxyphenyU-Z,1,3,4-tetrazolium chlo 

' ride. 
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stance which, by reduction of the silver halide to silver . 
on the exposed image areas, is used up and which on the 
unexposed image areas diffuses under the in?uence of the 
supplied warmth into an image-receiving layer brought 
into contact with the silver halide emulsion layer. 

Analogously the process according to the present inven 
tion can be carried out by contacting the negative layer 
containing the developing substance, before the heat 
development, with a positive layer containing a colorless 
triazolium compound of the general formula 

II. 

wherein: 
each of R7 and R8 (equal or different) represents an ali 

phatic group, a substituted aliphatic group, a homocyclic 
group, a substituted homocyclic group, a heterocyclic 
group, or a substituted heterocyclic ‘group; 

X represents an acid radical, and 
Y represents the necessary atoms for closing an homo 

cyclic ‘group, substituted homocyclic group, a hetero 
cyclic group, or a substituted heterocyclic group. 

Such triazolium compounds are‘ described, e.g., in 
French patent speci?cation 998,055. ‘ 
According to another embodiment of the present in 

vention, the negative layer is contacted, before the heat 
development, with a positive layer which contains a color 
less tetrazolium compound of the formula: 

wherein:v 
each of R9, R10 and R11 (equal or different) represents an 

aryl group or a substituted aryl group. 
Such tetrazoliu‘m compounds can be prepared, e.g., ac 

cording to the method described in British patent speci? 
cation 670,883.~ 7 

Some triazolium compounds according to the above 
Formula II which appeared from the experiments to give 
particularly good results are, e.g., 2,3-diphenyl-naphtho4 
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The development substances which remained unused 
during the heat-development, diffuse into the positive layer 
and there reduce the above .mentioned colorless triazolium 
and tetrazolium compounds to dyes. The color tone, the 
fastness to light and the fastness to washing of these dyes 
can markedly be improved by the presence in the positive 
material of salts of multivalent metals, e.g., zinc, copper, 
iron, cadmium, cobalt, nickel, chromium, titanium, molyb- ' 
denum, or tungsten, if tetrazolium compounds are used 
wherein R9 is an aryl radical, which in its ortho position 
bears an electronegative group such as a canboxyl group. 
Another interesting embodiment of this invention is 

based on the formation of a silver image in the positive 
material. For this purpose, the exposed negative is con 
tacted during the heat-development with a positive mate 
rial containing silver salts, e.g., silver nitrate. The devel~ 
oping substances which remain unused during the heat 
_developrnent diffuse into the positive layer and there re 
duce the silver salts into metallic silver. 
The following examples illustrate the invention without 

limiting, however, the scope thereof. The silver halide 
emulsion layers in the dried light-sensitive materials pref~ 
erably contain per sq. m. 3 g. of gelatin and an amount 
of silver halide corresponding to 1 g. of silver. 

Example 1 

A photographic paper support of 90 g./ sq. m. is coated 
with a layer from a suspension of the following composi 
tion: 

Silver chloride emulsion‘ __________ _.. _____ _._g__ 1000 
Water ______________________________ __cm.3__ 465 
Ethanol _____________________________ _..'cm.3__ 400 
1-phenyl-3-pyrazolidone _________________ __g__ 25 
Glycerol ______________________________ __g_.. 100 
Saponine _______________________________ __'g__. 5 
40% aqueous formaldehyde solution ____ __crn.3__ 5 

This paper is then dried, exposed through an original 
and heat-developed either by contacting this paper with a ' 
plate heated at 80—20‘0° C. or by treating it with a steam 
jet of 100‘“ C. A sharp print of the original is obtained. 
This print may be ?xed and stabilized according to known 
processes. 

Example 2 

A photographic paper support of 90 -g./sq. m. is coated 
with a layer from a suspension of the following composi 
tion: 

Silver bromide emulsion _________________ __g__ 1000 
Water _____________________________ ..cm.‘’.. 465 
Ethanol ____________________________ “crust...v 400 
1-phenyl-3-pyrazolidone _________________ __g__ . 25 

Caprolactam ____________________________ __g__ 100 
Saponine ______________________________ __g__. 5 
40% aqueous formaldehyde solution ____ __cm.3__ 5 

After further treatment, exposure and heat-development 
as in Example 1, a sharp print of the original is obtained. 

Example 3 

'.A photographic paper support of 90 g./sq. m. is coated 
with a layer from a suspension of the following composi 
tion: ' ‘ 

Silver chloride emulsion _________________ __'g__ 1000 
Water ______________________________ __cm.3__ 465 
‘Ethanol ____________________________ __cm.‘3__ 400 
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Carbowax 200 (trade name of Union Carbide and 
Carbon, New York, N.Y., for a polyethylene 
glycol of an average molecular weight of 
‘200) ____________ _-_- ____ _... ______________ __g__. 100 

Saponine ________________________ _n ____ _'__...g_.. 5 

40% aqueous formaldehyde solution ____ __cm.3__ 5 
1% solution of l-phenyl-S-mercapto-l,2,3,4-tetra 

zole in ethanol _______ __~ _________ _.___cm.3__ 100 

After further treatment, exposure and heat-development 
as in Example 1, a sharp print of the original is obtained. 

Example 4 
A negative material is prepared by coating a paper sup 

port of 90 g./sq. m. with a layer from a suspension of 

This layer is applied in such a way that 1 l. of this sus 
pension covers 10 sq. m. of paper. Upon this layer is 
then applied a layer from the following solution: 

Ethanol ______ _>_ ____________________ __cm.3__ 1000 

l-phenyl-3-pyrazolidone _________________ __g__ 50 

This layer is applied in such a manner that 1 l. of this 
solution covers 20 sq. m. of paper. 
A positive material is prepared by dip-coating a paper 

support of 90 g./sq. m. with a 0.1% aqueous silver nitrate 
solution and drying it. 
The silver ‘halide emulsion side of the negative mate 

rial, 'in contact with the original, is re?ectographically ex 
posed. The negative material is pressed for about 5 sec. 
with its emulsion side against the prepared positive mate 
rial by means of a ?at-iron at about 150° C. 
The part of developing substance which during the 

heat-development did not serve to reduce the silver halide 
into silver, diffuses onto the positive layer and reduces 
the silver nitrate into silver. A clear print of the orig 
inal is obtained. 

Example 5 
A photographic paper support of 90 g./ sq. m. is coated 

with a layer from a suspension of the following composi~ 
tion: 

Silver chloride emulsion _______________ __cm.3__ 100 
Water ______________________________ __cm.3__ l0 
Ethanol _____________________________ __,cm.3__ 5 
1-phenyl-3-pyrazolidone ____‘ ______________ __g__ 1 
Potassium metabisul?te _______ __- _________ __g__ 1 

Sodium acetate _________________________ __g__ 20 
99% acetic acid _____ __' ______________ __cm.3__ 3 
Saponine ____________________________ __cm.3__ 0.5 
40% aqueous formaldehyde solution ____ __cm.3__ 0.5 
1% solution of l-phenyl-S-mercapto-l,2,3,4-tetrazole 

in ethanol _____________________ __.,____cm.3__ 2.5 
Titanium dioxide ________________________ __g__ 6 

This layer is applied in such a way, that 1 l. of this 
suspension covers 10 sq. m. of paper. 
A positive material is prepared by coating a paper 

support of 90 g./sq. m. with a layer from a solution of 
the following composition: 
5% aqueous solution of gelatin _________ __cm.3__ 50 

l 15% aqueous solution of 2,5-diphenyl-3-(p-methoxy 
phenyl)-2,1,3,4-tetrazolium chloride _____ __CIIL3 20 

10% aqueous solution of cupric sulfate ____ __cm.3 5 
20 g. of anhydrous sodium acetate dissolved in water 

to _____________________ _; _________ __cm.3__ 24 

10% aqueous formaldehyde solution ____ __cm.3_‘_ 0.5 

The negative material is re?ectographically exposed to 
a printed original and developed by pressing it for 10 sec. 
against a heated plate at 110° C. Then the developed 
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the following composition: 
Silver chloride emulsion _________________ __g__ 1000 
.Water _____________________________ __cm.3_.. 1000 , 

Glycerol _____________ __- ____________ __cm.3__ 100 

Saponine _____________________________ __g__ 5 
40% aqueous formaldehyde solution ____ __cm.3__ 2 
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negative material is contacted with the positive material 
for 20 sec. at 110° C. After separation of the materials, 
a strong red print of the original is obtained onto the posi 
tive material. 

Examples 6-7 

Similar results are obtained by replacing in the above 
solution the 2,5 - diphenyl-3-(p - methoxyphenyl)-2,l,3,4 
tetrazolium chloride by a same amount of 2,5-diphenyl-3 
(o-methoxyphenyl)-2,l,3,4-tetrazolium chloride or 2,3-di 
phenylnaphtho (1,2)triazolium chloride. 
We claim: 
1. A process for the production of photographic copies 

by heat development which comprises the steps of: 
(1) Exposing to the object to be copied a photographic 

material comprising a silver halide emulsion layer 
and containing a compound liberating moisture on 
heating and a 3-pyrazolidone developing compound 
of the general formula: 

R1 
1 

R5 N 

R5>G/ \N——R2 
R4—C—~—CO 

wherein: - 

R1 is a member of the group consisting of hydro 
gen and an aryl radical, 

R2 is a member of the group consisting of hydro 
gen and an acyl radical, and 

R3, R4, R5 and R6 are each a member of the group 
consisting of hydrogen, an alkyl radical and an 
aryl radical; 

(2) Developing said exposed emulsion layer by sub 
jecting said layer to a heat treatment at a pH of‘ not 
more than 7 while said material is maintained in 
effective separable contact with an image-receiving 
layer containing an initially colorless image-forming 
compound selected from the group consisting of (1) 
silver nitrate, (2) a triazolium compound having the 
general formula: 

wherein: 
R7 and R8 are each a member of the group con 

sisting of an aliphatic group, a homocyclic 
group, and a heterocyclic group, 

X is an acid radical, and _ 
Y represents the atoms necessary for closing a ring 

of the group consisting of a homocyclic ring 
and a heterocyclic ring; 

and (3) a tetrazolium compound having the general 
formula: 

N 

ml \T‘R“ X 

wherein: 
R9, R10 and R11 are each an aryl group. 

2. The process of claim 1 wherein said developing com 
pound is incorporated in said emulsion layer. 

3. The process of claim 1 wherein said moisture-lib 
erating compound is incorporated in said emulsion layer. 

4. The process of claim 1 wherein said exposure and 
development steps are carried out concurrently; 

5. The process of claim 1 wherein said emulsion layer 
is exposed to a radiation source rich in infrared rays while 
in contact with the object to be copied. ' 
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