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ABSTRACT OF THE DISCLOSURE 
A process for the producing of a number of repro 

ductions on ordinary paper. The reproduction process 
comprises exposing an intermediate sheet coated with a 
light-sensitive or heat sensitive material to radiation to 
form a metastable liquid when its melt is cooled on the 
intermediate sheet in areas corresponding to the location 
of the images on the original sheet, transferring a part of 
the image onto a receiving sheet, and then subjecting the 
transferred image to powder development and ?xation. 

This is a division of application Ser. No. 529,909 ?led 
Feb. 10, 1966, now Pat. No. 3,539,342. 

This invention relates to a process for producing re 
productions, and more particularly to a process for pro 
ducing a number of reproductions on ordinary papers. 

In accordance with the present invention, there is pro 
vided a reproduction process comprising exposing an in 
termediate sheet coated with a light sensitive or heat 
sensitive material to radiation, forming images of trans 
ferable material having a tendency to form a metastable 
liquid when its melt is cooled on the intermediate sheet in 
areas corresponding to the location of the images on the 
original sheet, transferring a part of the image of trans 
ferable material onto a receiving sheet, such as ordinary 
papers and ?lms, and then subjecting the transferred im 
age to powder development and ?xation. The thus repro 
duced image is stable that discoloration and deterioration 
in quality, as is encountered on the ordinary reproducing 
materials of silver salt, does not occur. This is ‘a ?rst fea 
ture of this invention. 
A second feature of this invention is that the transfer 

as mentioned above can be carried out many times, for 
example, ten, twenty, thirty or more times. That is, a 
number of productions can be obtained from one inter 
mediate. 
Any original can be used for this invention, if it is an 

original whose image portions have a selective absorption 
factor to infrared or ultraviolet rays. This is a third fea 
ture of this invention. 
A fourth feature of this invention is that it is not neces 

sary to incorporate any special chemicals in the receiving 
sheet, to provide any darkroom or use any liquid. That is, 
processing for producing reproductions is a dry system. 
A ?fth feature of this invention is to provide a cheap 

and simple reproduction process. 
Other features and advantages will hereinafter appear. 

(1) ‘INTERMEDIATE SHEET NO. 1 

An intermediate sheet of the present invention is pre 
pared by applying a material capable of releasing at least 
a part of water of crystallization contained therein by 
heating on a support. The material having associated 
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therewith water of crystallization is preferably one that 
can release the water of crystallization at a temperature 
range of from 40° C. to 200° C. As examples of such 
materials, there may be mentioned compounds such as 
sodium acetate trihydrate, tribasic sodium phosphate 12 
hydrate, sodium sulfate 19-hydrate, lead acetate trihy 
drate, potassium alum 24-hydrate, ammonium alum 24 
hydrate, ammonium ferrous sulfate 6-hydrate, and min 
erals such as clay and bentonite. These compounds and 
minerals may be applied to support, such as natural or 
synthetic resin films and paper, as an aqueous solution, 
suspension or dispersion, may be subjected to vapor 
deposition in vacuum, or may be rubbed into paper or a 
roughened surface of a support uniformly, after being 
?nely divided. 

In the preparation of the intermediate sheet of this 
invention, a natural or a synthetic resin may be used 
as a binder. For example, as a binder, there may be used 
an aqueous solution or suspension of gelatin, polyvinyl 
alcohol, polyvinyl pyrrolidine, or polyvinyl butyral. When 
a water-insoluble polymer is used as the binder, there is 
preferably employed a polymer which is water permea 
ble, such polymer being used as a solution in a suitable 
organic solvent solution. For example, there can be used 
a benzene solution of a copolymer of methyl methacry 
late-methacrylic acid, an ethyl alcohol solution of N 
methoxymethyl-polyhexamethylene-adipamide or a hen 
zene solution of ethyl cellulose. 

In such a solution there is dispersed the material having 
water of crystallization associated therewith in the form 
of a ?ne powder, an aqueous concentrated solution or a 
suspension. The solution or suspension is applied to the 
support, which is then dried. When a suspension is used, 
a surface active agent is advantageously added in order to 
improve the suspension effect. Alternatively, the material 
having water of crystallization associated therewith may 
be applied to a support by vacuum deposition. In such a 
case, the water of crystallization may evaporate during 
the vacuum coating, but when the vacuum coated mate 
rial is allowed to stand for several minutes or several 
ten minute periods in air, water vapor in the air is ab 
sorbed by the deposited compound or mineral as water 
of crystallization. 
The coated surface of the thus prepared intermediate 

sheet is placed upon an original to be copied and is ex 
posed to infrared rays. The printing then may be carried 
out by a transmission printing process, but a re?ection 
printing process is preferred. In this case, exposure is from 
the side of the intermediate sheet, whereby fogs can be 
reduced and clear images can be obtained. 

In order to make the re?ection printing process easy, it 
is necessary to select a support for the intermediate sheet, 
which is transparent or translucent to infrared rays. 

'Image portions of the original absorb infrared rays 
more than blank portions, and are heated thereby during 
the exposure to infrared rays. Hence, ‘a part of the inter 
mediate sheet, corresponding to the image portions, is 
heated and the crystals of the compound containing water 
of crystallization or minerals containing water of crystal 
lization release their water of crystallization, which wets 
the surface of the intermediate sheet at these portions. 
When this intermediate sheet is developed with a powder 
developer having a composition described hereinafter, 
there is a different adhesivity of the powder developer 
between the portions where the water of crystallization is 
released and the portions where no such phenomenon 
occurs whereby the powder developer is attached more 
?rmly to the former portion to give an image. 
When the printing of an intermediate sheet is carried 

out by the re?ection printing process as described above, 
the image of a powder developer becomes symmetrical to 
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an original, that is, the so-called mirror image thereof. 
This is most desired in the present invention. 

If the time of exposure to infrared rays is long, the 
crystals of the portions of the intermediate, corresponding 
to the image portions of the original, release ?rst their 
water of crystalliation to wet portions of the intermediate, 
and, as the infrared ray exposure is further continued, the 
water is evaporated off, whereby the adhesive property 
to a powder developer is reduced. Meanwhile, the crystals 
of the intermediate in another part corresponding to the 
blank portions of the original release their water of crys 
tallization by the long-period exposure to infrared rays, 
whereby the adhesivity to powder developer is increased. 
Therefore, a negative intermediate can be obtained from 
a positive original by a long-period exposure (nega 
working). 
The period of time between the infrared ray exposing 

operation and developing operation is preferably as short 
as possible. Development within, for example, 10 seconds 
after infrared ray exposure may bring a good inter 
mediate, but an elapse of 10 minutes or more after the 
exposure does not produce a good image having high 
contrast, due to the reduction of the difference in ad 
hesivity of a powder developer. However, if the ex 
posed intermediate is allowed to stand in air for 24 
hours or more after exposure without development, the 
intermediate can be used again as an intermediate simi 
larly to the other that has not been exposed to infra 
red rays. This is because the crystals from which the 
water of crystallization had been released again take up 
the moisture in the air by standing in air, and return 
again to the form of crystals containing water of crys~ 
tallization. 

(2) Intermediate Sheet No. 2 

Another intermediate sheet of the present invention is 
prepared by applying a solution containing a light sensi 
tive diazonium salt or a light sensitive azide compound 
on a support and drying the coated support. More par 
ticularly, on the same support as mentioned above there 
is applied as a subbing layer an aqueous solution of an 
isophthalic acid~triethylene glycol-ethylene glycol con 
densate, polyvinyl butyral, a maleic anhydride-vinyl ace 
tate copolymer, or a mixed dispersion of gelatin and a 
resin or resins, or an aqueous solution of gelatin, fol 
lowed by drying. A solution of a light sensitive diazonium 
salt or a light sensitive azide compound is applied to the 
resulting layer and dried. 

In the case when it is possible to apply a solution of the 
diazonium salt or azide compound directly onto a sup 
port, the subbing coating may be reduced of course. In 
this case, a suitable coating agent may be added to the 
coating solution for improving the coating properties of 
the solution. 
The light sensitive diazonium salts useful in the present 

invention include those generally used in conventional 
diazo papers such as the diazonium salts of p-phenyl 
enediamine or derivatives thereof or p-aminodiphenyl 
amine, the diazonium salts of p-monoalkylaniline, p,p' 
tetrazodiphenyl or derivatives thereof, or double salts, 
sulfates, and ?uoroborates thereof, or those used for 
lithographic printing materials, for example high mo 
lecular weight compounds represented as follows: 
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The light sensitive azide compound of the present in 
vention is preferably selected from those used for con 
ventional diazo papers, for example, phenyl azide, naph 
thyl azide and the derivatives thereof. 
As a solvent for the application of solution there is 

used water, in the case of the diazonium salt, and dimeth 
ylformamide in the case of the azide compound, in gen 
eral. The solution of diazonium salt or azide compound 
may also contain gelatin or one or more synthetic resins 
such as those mentioned above. 
The support surface side (back side) of the thus pre 

pared intermediate sheet is placed upon a transparent or 
translucent original to be copied and exposed to a light 
of a wavelength to which the diazonium salt or the azide 
salt is sensitive through the original, for example, by the 
use of a mercury lamp by the transmission printing proc 
ess from the back side of the original. Or, the coated 
surface side of the intermediate sheet is placed upon a 
transparent or translucent original turned over a trans 
parent support, and then exposed to a mercury lamp by 
the transmission printing process from the surface side 
of the original. 
When this intermediate sheet is developed with a powder 

developer having a composition described hereinafter, an 
image of the powder developer is given due to a difference 
of adhesivity of the powder developer to the exposed part 
and non-exposed part of the intermediate sheet. In this 
case also, the image of the powder developer is symmetri 
cal or a mirror image to the original. 

(3) Powder developer for developing an 
exposed intermediate 

A powder developer for developing the intermediate 
sheet as described in (1) and (2), after exposure, is made 
of a transferable material having a tendency to form a 
metastable liquid when its melt is cooled. The powder 
developer may be incorporated with an infrared ray 
absorbing material in addition thereto. In this case, an 
image of the intermediate can be transferred to a receiv 
ing sheet by infrared heating. 
There are various transferable materials, some of which 

are disclosed in detail in Belgian patent speci?cations No. 
631,304 and No. 644,239. In the present invention, in 
particular, such transferable materials should be selected 
that are non-adhesive at room temperature, but become 
adhesive after becoming molten at a temperature in the 
range of from 70° C. to 170° C., and have a high super 
cooling property, that is to say are retained in a metastable 
liquid phase at room temperature for several minutes or 
several ten minute periods after becoming molten and 
cooled. 

Typical examples of such transferable material are 
plasticizers, “Santicizer 9” and “Aroclor 1268,” sold by 
Monsanto Chemical Company, benzotriazole, tribenzyl 
amine, vanillin, phthalophenone, 2,4-dihydroxybenzophe 
none, benzyl, benzoin, sulfur, acetanilide, benzoic acid and 
phthalic anhydride, “Santicizer 9” is a mixture of ortho 
and paratoluene sulfonamide melting at about 105° C. 
The melt remains liquid when ?rst cooled to or somewhat 
below room temperature. The material vaporizes at 150° 
C. to produce a visible haze in a fog test as described in 
Stricklin U.S. Pat. 3,360,367 issued Dec. 26, 1967. This 
material provides a stable non-tacky thin coating on paper. 
“Aroclor 1268” is a solid chlorinated diphenyl having a 
nominal speci?c gravity of 1.646—1.653 and a vapor pres 
sure of 760 mm. Hg at about 435° C. 
As an infrared ray-absorbing material there is used a 

?nely divided inorganic or organic pigment. Typical ex 
amples thereof are carbon black, iron oxides, chrome 
green, ultramarine blue, cobalt blue and indigo. 
The powder developer for developing an exposed in 

termediate used in the present invention is prepared by 
the following procedure. One part by weight of a trans 
ferable material is thoroughly mixed with from 0 to 0.1 
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part by weight of a ?nely divided infrared ray-absorbing 
material and heated. When the transferable material is 
molten, the molten mixture is further blended suf?ciently 
and cooled to normal temperature. The molten mixture, 
after being solidi?ed completely is ?nely pulverized by 
suitable means and then granulated to a grain size of from 
about 0.1 to 100 microns in diameter. A mixture of a 
powder developer used in the conventional electrophoto 
graphy (called “toner”) and ?nely divided transferable 
material may be used as the powder developer for de 
veloping an exposed intermediate of the present invention. 

(4) Transfer of material from an intermediate sheet 
to a receiving sheet 

After the mirror image of an original formed on the 
intermediate sheet described in (1) or (2) by the powder 
developer described in (3), the intermediate sheet is 
heated by suitable means to raise the temperature to the 
melting point of the transferable material and then cooled 
to room temperature, whereby to ?x the powder image of 
the original on the intermediate sheet. The coated side 
of the thus processed intermediate original sheet is placed 
upon a receiving sheet such as paper, ?lm, glass, cloth 
and heated. The heating is carried out by holding them 
between two hot plates or by the use of infrared ray. 
Or, the surface of the intermediate is heated by infrared 
ray irradiation followed by placing thereon a receiving 
sheet, and pressing. 
Then a part of the image portion of the intermediate 

sheet is transferred to a receiving sheet. In the case of 
employing the infrared ray heating, an infrared ray 
absorbing material is preferably added to the transferable 
material. 
The transferable material is thus transferred to a re 

ceiving sheet. The transferable material has supercooling 
properties and if the powder development is carried out 
just after the transfer, the powder developer is adhered 
only to that portion due to the adhesivity of the transfer 
able material, whereby to form an image. 
As the powder deevloper used for developing the re 

ceiving sheet there may be employed any ?ne powder 
having a suitable grain size to be adhered to a molten 
transferable material. Illustratively, the powder developers 
are generally prepared by dispersing in a thermoplastic 
resin, such as a phenol-formaldehyde resin, a molten 
mixture of chlorinated naphthalene and polystyrene or a 
copolymer of vinyl chloride and vinyl acetate, a carbon 
aceous material, such as carbon black or asphalt powder, 
an inorganic pigment, such as basic lead carbonate, zinc 
oxide, titanium dioxide, antimony trioxide, iron oxides, 
cadmium sul?de, basic chromate, molybdenum orange, 
cadmium yellow, chrome green, ultramarine blue, or an 
organic pigment such as benzidine yellow, indigo and 
alizarin, and granulating the thus prepared dispersion by 
a suitable method into granules having a diameter of 
from 0.1 to 50 microns. A toner used for conventional 
electrophotography is used in the present method. The 
color of such developers should be selected in accordance 
with the color of the receiving sheet. 
Powder developer, the surface of which is treated with 

surfactant, which is described and claimed in our copend 
ing application No. 529,901 ?led by Kinji Okubo et a1 
(now US. Patent 3,431,412 granted March 4, 1969) can 
be used in the process of the present invention. 
When the material is heated or treated with the vapor 

of an organic solvent, such as trichlene, (trichlorethylene), 
Freon, (dichlorodi?uoro-methane), acetone, chloroform 
and benzene, after the development, a visible printed im 
age, which is not affected by light and moisture and can be 
stored permanently, can be obtained. 
The transfer of a transferable material to a receiving 

sheet from one intermediate sheet can be carried out 
many times over, e.g., ten, twenty or more times. 
The following examples further illustrate the present 

invention. 
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EXAMPLE 1 

(1) Preparation of a powder developer for developing 
the intermediate sheet 

(a) Twenty grams of powdered “Santicizer 9” and 1 g. 
of carbon black were blended, and heated at 110° C. 
to melt the blend. The molten mixture was stirred and 
blended in the molten state, cooled to room temperature 
and after solidi?cation, granulated to a size of less than 
74 microns in diameter. 

(b) Twenty grams of powdered benzotriazole and 1 g. 
of carbon black were blended, and heated at about 100° 
C. to melt the blend. The molten mixture was stirred and 
blended thoroughly in the molten state, cooled to room 
temperature and after solidi?cation, granulated to a size 
of 74 microns or less in diameter. 

(2) Five grams of gelatin were dissolved'in 200 ml. 
of Water. Five grams of sodium acetate trihydrate were 
dissolved, and 40 ml. of ethyl alcohol was added thereto 
with stirring. The stirring was continued for a further 
two minutes. (Ethyl alcohol plays a role of promoting a 
favorable growth of sodium acetate crystals and the dry 
ing thereof.) A mixture of 10 g. of zinc palmitate (to 
reduce fog) and 100 ml. of ethyl alcohol were treated 
in a ball mill for 24 hours to yield a dispersion, and 10 
ml. of the resulting dispersion was added to the above 
mentioned solution. The resulting mixture, after stirring 
thoroughly, was applied to a cellulose triacetate ?lm base 
to yield a coating having 60 mL/rn.2 and dried to give 
an intermediate sheet. 
The coated side of the intermediate sheet was placed 

upon an original and subjected to a re?ection printing 
process by exposing the back side of the intermediate sheet 
to infrared rays. The infrared exposure was conducted 
using a copying machine. After exposure, the intermediate 
sheet was developed with the powder developer described 
in (1)-(a). After powder development, the sheet was 
irradiated with infrared rays to heat and the image was 
?xed to give an intermediate image. 
Then a receiving sheet was placed upon the image 

surface of the intermediate sheet, and heated by heater 
or by irradiating with infrared rays from the back of 
the intermediate sheet, whereby to melt a part of the 
transferable material and to transfer it to the receiving 
sheet. The receiving sheet was then subjected to powder 
development by the use of a toner followed by ?xing in 
trichlene vapor. About thirty sheets of reproduction were 
obtained. 

Example 2 
Ten grams of gelatin were dissolved in 200 ml. of 

water. Ten grams of sodium acetate trihydrate were dis 
solved, and 20 ml. of ethyl alcohol was added thereto 
with stirring. The stirring was continued for two min 
utes more. A mixture of 10 g. of barium stearate and 
100 ml. of ethyl alcohol were treated in a ball mill for 
24 hours to yield a dispersion. After adding 30 ml. of 
the dispersion to the above mentioned solution with stir 
ring, the resulting mixture was applied to a cellulose 
triacetate ?lm base to yield a coating having 75 mL/rn.2 
and dried to give an intermediate sheet. The interme 
diate sheet placed upon an original was exposed and 
developed in a similar manner as in Example 1. For 
development of the intermediate sheet there was used 
the powder developer described in (1)-(b) of Example 
1. After powder development, the sheet was irradiated 
with infrared rays to heat and the image was ?xed to 
give an intermediate image. 
The transfer, development and ?xation of the inter 

mediate image were carried out in a manner similar to 
Example 1. 

lExample 3 
Procedures similar to those described in Example 1 were 

carried out except that the intermediate sheet was pre 
pared by pulverizing ammonium ferrous sulfate 6-hy 
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drate and uniformly rubbing the powder, of a size pass 
ing through a 200v mesh sieve, into a tracing paper. 

Example 4 
A 4% ethyl alcohol solution of polyvinyl butyral was 

applied to a polyester ?lm base and dried. A 2% aque 
ous solution of the condensation product of Formalin 
and the zinc chloride double salt of diazotized p-amino 
diphenylamine was applied thereto to yield a coating 
having 70 mL/m.2 and dried to give an intermediate 
sheet. The support surface side of the thus prepared 
intermediate sheet was placed upon a transparent origi 
nal to be copied and exposed to a mercury lamp by a 
transmission printing process from the back side of the 
original. Or, the coated surface side of the intermedi 
ate sheet was placed upon the transparent original turned 
over a transparent support, and then exposed to a mer 
cury lamp by a transmission printing process from the 
surface side of the original. After the exposure, the 
powder development was carried out by the use of the 
powder developer described in (1)-(b) of Example 1. 
The sheet was then irradiated with infrared rays and 
the image was ?xed to give an intermediate image. 
The transfer of the intermediate image to- a receiving 

sheet, the development and ?xation were carried out in 
the similar manner to Example 1. 

Example 5 
A 2% aqueous solution of sodium 2,1-diazonaphthol 

5-sulfonate was applied to a polyester ?lm base to yield 
a coating having 30 ml./m.2 and dried to give an inter 
mediate sheet. 
The intermediate sheet, placed upon an original, was 

exposed and developed as in the Example 4. For the 
development of the intermediate sheet there was used 
the powder developer described in (1)-(a) of the Ex 
ample l. After powder development, the sheet was ir 
radiated with infrared rays and the image was ?xed to 
give an intermediate image. 
The transfer of the intermediate image to a receiving 

sheet, the development and the ?xation were all carried 
out in a manner similar to that of Example 1. 
What is claimed is: 
1. A process for producing a reproduction of an origi 

nal which comprises: 
(1) superimposing a photosensitive material onto an 

original, said photosensitive material comprising a sup 
port coated with a compound selected from the group 
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consisting of photosensitive diazonium salts and pho 
tosensitive azide compounds; 

(2) exposing the photosensitive material through the 
original to light of a wavelength to which said photo 
sensitive material is sensitive to form a latent image; 

(3) developing said latent image by rubbing the sur 
face of said photosensitive material with a transferable 
developer comprising a pulverized solid material which 
is hard and non-sticky at room temperature and which 
melts at temperatures of between 70° to 170° C., and 
having the further property of forming a metastable 
liquid when cooled below its melting point after hav 
ing been heated to its melting point; 

(4) transferring the developed image consisting of 
the hard and non-sticky transferable material onto a re 
ceiving sheet at a temperature su?icient to melt said 
developer to thereby form a metastable liquid; 

(5) powder developing the transferred image consist 
ing of said transferable developer in its molten state on 
said receiving sheet whereby said powder developer se 
lectively adheres to said transferred image; and 

(6) ?xing the image consisting of the powder devel 
oper on said sheet. 

2. The process of claim 1 wherein said photosensi 
tive material is selected from the group consisting of the 
diazonium salt of p-phenylenediamine and derivatives 
thereof, p-aminodiphenylamine, p-monoalkylaniline, p,p’ 
tetrazodiphenyl or derivatives thereof, or double salts 
thereof, sulfates or ?uoroborates thereof. 

3. The process of claim 1 wherein said transferable 
material is selected from the group consisting of chlori 
nated diphenyl, benzotriazole, tribenzylamine, vanillin, 
phthalophenone, 2,4 - dihydroxybenzophenone, benzyl, 
benzoin, sulfur, acetanilide, benzoic acid, phthalic an 
hydride, and a mixture of ortho- and para-toluene sul 
fonamides. 
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