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ABSTRACT OF THE DISCLOSURE 
A recording method involving electrolytic deposition 

of material on a photoconductive element including pro 
viding a low adhesion layer‘on the surface of a photo 
conductive element, electrolytically depositing the mate 
rial on the low adhesion layer of the photoconductive 
element, after exposure, and then transferring the de 
posited material from the low‘ adhesion surface‘ to the 
surface of a record receiving element. -' ' 

This invention is concerned with an improvement in 
electrolytic development applicable to photography, re 
production, printing facsimiles, etc. and other such proc 
esses utilizing electrolysis. 

\ For convenience of illustration there will now be de 
scribed a method for the reproduction of images by sub 
jecting a photoconductive layer to electrolysis while the 
photoconductive after-effect remains, after‘exposure to 
light or at exposure to light, thereby selectively deposit 
ingv a material on the exposed portion in accordance with 
the extent of exposure. In practicing such method, a uni 
form mixture of a photoconductive zinc oxide and insulat 
ing resin is applied to a base plate having a high electric 
conductivity. After dark adaptation, the coated plate is 
subjected to image exposure, usually negative image ex 
posure, and the plate is immediately subjected to electro 
lysis in an aqueous solution containing a dye forming 
ionic material, such as quaternary anhydro base, nickel 
chloride or silver nitrate, while using the zinc oxide layer 
asva cathode. Since the conductivity on the exposed por 
tion‘rer'nains, ‘even after the cut-off of light, a large quan 
tity'of electric current is passed through the exposed por~ 
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and contraction in response to changes in temperature 
and humidity, such as polyethylene terephthalate, should 
be employed, since the expansion and contraction dur 
ing the treatment are not favorable. This increases the 
cost for a support and limits its wide use as a printing 
material. A metal plate may be employed as a support, of 

- course, but it is limited to a peculiar use. 
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‘tion, during the electrolysis, to form silver or nickel. The . 
dye also deposits with the passage of electric current. (Cf. 
Japanese patent publications‘ No. 6669/1959 and No. 
11544/1964.) ” ' 

When it' is subjected to exposure and development three 
times by using a color negative as an original and ?lters 
of three primary colors in combination, a color positive 
can be obtained. ‘ 

' Moreover, it is possible to provide an original for off 
set printing by utilizing the change of pH at electrodes 
u'pon electrolysis, for example, to deposit a colorless metal 
hydroxide. ‘ 

The method as described above can always be effected 
onlyif a'p'hotoconductive layer is used having a photo 
conductive after-effect, but it will be understood that var 
ious difficulties may be encountered in the practice there 
of on a commercial basis. 
Above all, the important problems are as follows: 
(1) A paper or plastic ?lm having a thin metal layer 

provided by vapor deposition or lamination, used as a 
base plate or suppo'rt,'is hard to handle as compared with 

The manufacture of such materials is costly. In obtain 
ing a reproduction in color photography, in particular, 
the wet treatment should be carried out three times and 
thereafter, a support having a small degree of expansion 
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‘usual papers, since'the metal layer tends to be injured. ' 

70 

- (2) Aluminum has been found to be suitable for use 
as a thin metal layer in such elements, but in any case 
the surface condition on which a light sensitive layer is 
to be provided has a remarkable in?uence upon the ?n 
ished image. That is, if the surface of a metal layer is 
coarse, a similarly coarse pattern appears in the image 
formed by electrolysis. Therefore, the ?nishing of the sur 
face should be carried out with great care, which fur 
ther increases the importance of the ?rst above described 
disadvantage. 

' (3) Unless the coating of a photoconductive layer is 
carried out with great care, a number of pinholes are 
formed in the coating structure and a reduced metal de 
posits on these portions, which results in shortcircuits 
and retards image formation on other portions. An in 
crease in the amount of the binder (insulating resin) is 
effective to make the photoconductive layer mechanically 
strong, but on the other hand, hinders the contact of the 
photoconductive material itself and tends to lower light 
sensitivity to a great extent. 

(4) In color reproduction, it is desirable that the light 
sensitive layer have a light sensitivity over the whole 
range of wave lengths of visible rays. If so, the appear 
ance of the light sensitive layer is naturally gray to black 
or at least is not pure white. Although any spectral char 
acteristic is permitted, if three resolving negatives are 
specially provided, such complicated procedure is now out 
of the question. If the back-ground is of pure white, it 
is done at the sacri?ce of the light sensitivity to main 
tain the appearance nearly white. For example, in using 
zinc oxide as a photoconductive material, two or three 
sensitizing dyes are added so as to impart the panchro 
matic property thereto, since the intrinsic absorption range 
of zinc oxide is in the near ultraviolet portion. In this 
case, the amount of the dyes is maintained as low as pos 
sible because of the reason mentioned above. Thus, pos 
sible increase of light sensitivity is hereby given up and 
the utilization of colored photoconductive material is sim 
iliarly restricted. ' 
= (5) A photoconductive layer containing zinc oxide, be 
ing chemically active and having photocatalytic action 
under radiation of light, tends to decompose organic com 
pounds. Therefore, images formed thereon by electrolysis 
discolor in the course of long storage, and this is accel 
erated by zinc oxide. 
We have made efforts in order to solve a number of 

problems as described above and succeeded therein by 
the following novel method: 
’ vA photoconductive layer is so composed that at least 
its surface is of low adhesiveness and an electrolytic prod 
uct formed by electrolysis can be readily stripped from 
the photoconductive layer, so that the image consisting 
of the electrolytic product is transferred to a record re 
ceiving element. This transfer should be substantially 
complete to such an extent that the photoconductive layer 
can be reused after the transfer. If this is done, the light 
sensitive material can be used repeatedly. The cost per 
one print can be overlooked, even if the cost required 
for the production of the light sensitive material is high. 
The foregoing problems (1) and (2) can be solved by a 
single effort. It will be understood that problems ( 4) and 
(5) are also solved. Moreover, it is found that the re 
maining problem (3) is somewhat improved by the pres 
ence of the surface layer of our invention. 



3 
, In a color reproduction, if an image is transferred to a 
suitable surface, after ‘exposure and development three 
times, the cost required for a material of the ?nished print 
is reduced remarkably, because it does not matter whether 
that surface is of a material which is expansible and con 
tractible. In addition, the light sensitive layer, after the 
transfer, is returned to a state suitable for reuse. 
The structure of the light sensitive material of our in 

vention is shown in the accompanying drawing, wherein 
1 is a support, such as, paper, plastic ?lm and a metal 
plate, 2 is an electrically conducting layer such as an 
aluminum vapor ‘deposition layer or high conductive 
metal ?lm, a subbing layer is provided between 1 and 2 
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for the purpose of strengthening the adhesion thereof as ' 
occasion demands, 3 is a photoconductive insulating 
layer, for example consisting of a uniform mixture of 
zinc oxide and a binder and 4 is a thin low-adhesion 
layer, the surface of which, for example, consists of a sili 
cone-type surface releasing agent. In this layer, if neces 
sary, may be incorporated a material miscible with a 
silicone type surface releasing agent, such as, nitro-cellu 
lose, polyvinyl acetate, carboxymethyl cellulose, and poly 
vinyl alcohol. 

Silicone oils and waxes may be used for the low ad 
hesive layer in accordance with the use. The surface layer 
is not present as a clear, independent layer, but may be 
uniformly mingled with a photoconductive layer so as 
to give a low adhesion surface. Of course, the whole body 
of a light sensitive material may be so composed. The 
important point lies in that the surface has a low ad 
hesiveness. 
The low adhesion surface means a surface having a 

low al?nity to a number of strongly viscous and adhe 
sive materials, even if pressed strongly against each other, 
and a good stripping property therefrom. It has been well 
known that paraf?n-type compounds exhibit low adhesive 
ness. Therefore, polyethylene has such property. Fluorine 
resins have the same property. A layer consisting of a 
silicone type surface releasing agent that has been mar 
keted of late exhibits more excellent properties than 
those described above or has no affinity to very viscous 
and adhesive materials. The characteristic of the low ad 
hesion layer is represented by the force required to strip 
a strongly viscous and adhesive material, to be the stand 
ard, from the layer onto which the adhesive material 
is pressed in a predetermined manner. In the present in 
vention, the force required for stripping a strongly ad 
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hesive tape pressed at a rate of about 30 cm./min. onto . 
the low adhesion layer is preferably 100 g./cm. or less. 
Of course, the lower is the required force the better is 
the low adhesion layer. 

Silicone type surface releasing agents are on the market 
in forms of aqueous emulsions and organic solvent solu 
tions and it is found that any of them may be employed 
in our invention. In particular, the use of the former 
raises no fear of attacking the photoconductive layer, 
because the photoconductive layer often uses a binder 
miscible with organic solvents and immiscible with water. 
However, there may be disadvantage in that the coated 
surface is not uniformly wetted. In the case of using an 
organic solvent solution, on the other hand, a uniform thin 
layer is readily formed but the binder in a photoconductive 
layer is often dissolved therein. In such cases a special 
coating procedure shouldv be devised. 
The thickness of the surface layer, if it covers the 

whole surface, should be as thin as possible. A thick 
layer hinders the passage of electric current, resulting in 
reduction of the practical sensitivity and operating speed 
in our invention. It has been made clear by our experi 
ments that the electrolysis takes place without trouble 
at a thickness up to several microns, a preferred range 
being less than 2 microns. 

In the present invention, furthermore, the decrease of 
pinholes is observed as. an unexpected merit. This merit 
will enhance the great- improvement of our invention, 
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4 
because we_airn to use a photoconductive layer as many 
times as possible. 
The invention will be further illustrated by the follow 

ing examples. 
Example 1 

100 parts of photoconductive zinc oxide, 25 parts of 
a copolymer of styrene and butadiene “Pliolite S-7” 
(manufactured by Goodyear Tire & Rubber Co.) and 75 
parts of toluene were charged to a ball mill of porcelain 
‘and mixed for a long time to give a uniform dispersion. 
The dispersion was applied by spraying to a smoothly 
polished cylinder of aluminum to a thickness of 25 to 28 
microns after drying. After evaporating the solvent, the 
photoconductive layer was rubbed with a cotton piece 
immersed in the following treating solution: 

Parts 
Silicone surface releasing agent in aqueous emulsion 

(Shin-Etsu Silicone KM-762, non-volatile matters 
30%) ______ __ l7 

Curing catalyst solution for the foregoing emulsion _ 2.3 
Glacial acetic acid _________________________ __ 0.4 

Water ____________________________________ ____ 80.6 

The thus treated cylinder was allowed to stand in a furnace 
at 150° C. for 20 minutes to cure the surface layer 
thereof. 

This light sensitive material, after standing in a dark 
place for 1 hour, was exposed through a negative image 
and immediately developed by the following electrolytic 
developing solution: 

Parts 
Silver nitrate ______________________________ __ 1 
Thiourea _________________________________ .._ 1.35 
Acetamide _ ____ __ _ 4 

Water to 100 parts. 

In the electrolysis, the zinc oxide layer was used as 
cathode and a direct current of 4 v. was applied. A silver 
image was obtained as a positive image. After drying, 
the image was transferred completely to a marketed cellu 
lose tape by pressing it lightly to the surface of the photo 
conductive layer. Thirty different images could be ob 
tained from the same photoconductive layer by repeating 
the similar steps while bringing the light sensitive mate 
rial into a dark adaptation state. There was little difference 
in the image quality of the ?rst image and thirtieth image, 
and the light sensitive layer could be used more. 

It is evident ‘from the foregoing experiments that the 
surface layer has no in?uence upon the passage of elec 
trolytic current in spite of the fact that it is of an insulating 
material. The adhesion of the low adhesion layer and 
photoconductive layer is good enough to resist to repeated 
uses. The generation of pinholes was not observed before 
the tenth treatment. The good adhesion of the low adhesive 
layer and the photoconductive layer is likely due to the 
fact that there is no elfective force between the photocon 
ductive layer and the low adhesive layer, since an adhesive 
tape has no af?nity to the low adhesion layer. It is natural 
that the formation of pinholes can be suppressed by per 
forming the stripping of an adhesive tape with great care. 
When a portion free of -a low adhesive layer is subjected 
to the similar tape treatment for comparison, a part of 
the image and photoconductive layer was transferred to 
the side of the tape and it could not be reused. Further 
more, another method comprising using a thermoplastic 
?lm in place of the adhesive tape and transferring an 
image with heating, after placing it upon the image, was 
favorably carried out. In general, a thermoplastic ?lm is 
superior to an adhesive tape, since the adhesive layer of 
the latter contains often a plasticizer or solvent for dyes, 
whereby an image is blotted in the course of a long 
storage. 

Example -2 
The following dyes were added to the mixture of Ex 

ample 1 for dye-sensitization to impart a light sensitivity 
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over the. whole visible range, and. applied. to the- same 
support as in Example 1, followed by drying. 

Qmm A 
NEOaSQC .' § 

iOIOl'part or 10 parts 
' 'ofZ‘nO p 

S03 

- ' -‘ ‘Br 

. > ,| 

NaO 

Br * r ' 

0.004 part per 10 parts 
of ZnO 

C1- 

C1 Cl 

' '. ‘Cl 

3 "* * N(CH3)2 ., ‘I92. 

C=NH2 + 01- 0.001 part per 10parts 
g _ .- _ _ of ZnO ‘ p 

| 
N(CHa)2 ‘ 

To the thus formed light sensitive layer was applied, by 
spraying, a silicone surface releasing agent having following composition: "* -' 

Parts 
Shin-Etsu Silicone KS-705 (non-volatile matters 
30%) - ___ __ 16.7 

’ Catalyst for the foregoing ____________________ .._ 0.6 

Glacial acetic acid _________________________ .. 0.05 

Toluene _ 82 

The coating was then heated at 150° C. to cure corn 
pletely. The light sensitive layer was brought into a dark 
adaptation state and subjected to exposure three times by 
the use of a color negative as an original and a red, blue 
and green ?lter. After exposure through the red ?lter, it 
was subjected to electrolytic development using a cyan dye. 
Similarly, a yellow dye was used for the blue ?lter expo 
sure and a magenta dye for the green ?lter exposure. As 
the cyan dye, Alcian-Blue—8GN was used. Yellow thiuro 
nium compound obtained by reacting bis(chloromethyl) 
4,4’-bis(6-methylbenzthiazyl-2-)~azobenzene and N,N,N', 
N'-tetramethylthiourea was used as the yellow dye, and 
thiuronium salt of Anthragen Red Violet RHC obtained by 
the reaction thereof with N,N,N',N'-tetramethylthiourea, 
as the magenta dye. The methods for the synthesis of 
these dyes are described in Japanese patent publication No. 
15,444/1963. 
When the image obtained on the light sensitive layer 

was rubbed with ?ngers, it was easily taken off. After dry 
ing the light sensitive layer, a Baryta paper coated with 
gelatin was moistened a little with water and pressed 
thereto, whereby the color image was transferred substan 
tially completely. The light residual image could be read 
ily removed by applying a strong stream of water thereto 
and the light sensitive layer was thereby returned to a 
state ready for reuse. 

It will be understood from the above description that 
a novel photographic process having the following advan 
tages is made possible in accordance‘ with the invention: 

(1) Any support can be adapted therefor. 
(2) Any light sensitive layer can be used, because its 

color tone and mechanical properties have no in?uence 
upon the ?nal prints. 
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y. (3) Restrictions in respect of a cost for a light sensitive 
material can be relaxed to a great extent, because the 
light sensitive layer is resistant to repeated uses. 
I (4) Formation of pinholes in the light sensitive layer 
during electrolysis is decreased. , > I 

(5) The contrast and the density of an image trans 
ferred can be controlled. For example, when a sufficient 
density of an image is not obtained by one electrolytic 
development, the image is once transferred, and the same 
image is put on after the second exposure and develop 
ment. The control of contrasts will be performed similarly. 
The present invention is applicable to other recording 

methods accompanied by electrolysis. One of them, for 
example, comprises providing a material consisting of an 
electrically conductive thin layer covered with an insulat 
ing coating, breaking the insulating coating by means of 
a pen pressure or discharge in accordance with an image, 
subjecting this, as a master, to electrolysis in a suitable 
electrolytic bath, whereby to deposit a metal, dye or metal 
hydroxide on the conductive portions from the electrolytic 
bath, and transferring the thus deposited material to a 
transfer material by suitable means. A number of repro 
ductions are thereby obtained, but it is very important 
in this method also that the transfer is satisfactorily car 
ried out. In order to apply the present invention to such 

' case, the following procedure is preferred. A master ob 
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tained once by suitable means is coated thinly and uni 
formly with a silicone oil, ?uorinated hydrocarbon oil or 
silicone surface releasing agent. The resulting layer acts 
as a surface releasing agent without hindering of the 
passage of electric currendt, resulting in a similarly re 
markable improvement. 

Example 3 

' ' As the surface releasing agent of Example 2 required 
much time for curing, a solution of polymethylsiloxane 
having a viscosity of 100 cp. at normal temperature in 
toluene was applied to an original plate by spraying in 
place of the surface releasing agent of Example 2. This 
method appeared to be similarly effective for our aims. 
An electrically conductive pattern than can be adapted 

for electrolytic development may be obtained by many 
other methods. For example, in using a light sensitive 
layer whose electric resistance is remarkably lowered by 
applying pressure thereto or a recording material com 
prising an electrically conductive thin layer continuously 
provided with such a pressure sensitive layer, that is, to 
be transferred to some other support by pressure, a master 
will be readily obtained by a pen pressure. 
When the present invention is applied to those methods 

in combination, images obtained by electrolysis are readi 
ly transferred to other transfer materials to thereby give 
a plurality of prints. 
A permanent electrically conductive pattern may be 

obtained by providing a photoconductive layer utilizing a 
photoconductive material to be reduced electrolytically, 
for example, zinc oxide and/ or indium oxide and subject 
ing the photoconductive layer to electrolysis in aqueous 
solution of alkali metal halide, whereby to reduce the 
compounds in the photoconductive layer. 
A still further application of our invention consists in 

making “facsimiles.” Our invention gives records not 
accompanied by discolorations or changes in color with 
the passage of time in a method wherein electric signals 
transmitted in accordance with information modulate the 
voltage of a needle-like electrode to color an electric cur 
rent color forming paper. For example, when a low ad 
hesion layer is applied thinly to the surface of a metal 
drum, an electrolytic color forming solution is ?owed 
thereon and the recording is carried out by a needle-like 
electrode, dyes and other electrolytic products are de 
posited on the low adhesion layer once. The drum is then 
immersed in water with revolving to wash electrically 
conductive salts and color forming components off, and 
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subjected to transferring to a suitable support. The drum 
can be reused, if necessary, by washing with water again. 
The present invention, as is evident from the above 

descriptions, will be applied to all technical ?elds utilizing 
electrolysis, such as electrolytic electrophotography, print 
ing, printed circuits and facsimile. 
What is claimed is; > 

‘ 1. A recording method involving electrolytic deposition 
of material on a photoconductive element which com~ 
prises providing a low adhesion layer on the surfac'e'of 
said photoconductive element, electrolytically depositing 
a material on the low adhesion layer of the photoconduc 
tive element, afterv‘exposure, and then transferring the 
deposited material from the low adhesion surface to the 
surface of a record receiving element. ‘A ' _ 

2. The method of claim 1 further comprising restoring 
the photoconductive element to a condition ready for 
reuse. 

3. The recording method according to claim 1 ‘where 
in, said low adhesionplayer comprises a silicone surface 
releasing agent. _‘ " ; 

4. The recording method according to claim 1 wherein 
said electrolytic deposition is conducted in an electrolyte 
containing a silver salt and a silver image is formed on 
the low adhesion layer and is then transferred to the sur 
face of the record receiving element. 

5. The recording method according to claim 1 wherein 
the photoconductive layer of said photoconductive element 
contains at least one dye subjected to dye sensitization 
and said electrolytic deposition is conducted in an electro 
lyte containing at least one dye to deposit a color image 
on the low adhesion layer. 

6. A recording element for electrolytic recording com 
prising an electroconductive layer, operative as an elec 
trode during the electrolysis and a photoconductive layer, 
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coated on said electroconductive layer 'said photoconduc 
tive layer having a low"a‘dhesion"s'urface. ' ‘ 

7. The recording elementaccording to claim 6 wherein 
said low adhesion surface comprises a silicon surface 
releasing agent. 

8. The recording element according to claim 6 wherein 
said electroconductive support is aluminum and said 
photoconductive layer comprises zinc oxide. 

9. The recording element according to claim 8 where 
in said support is selected from the group consisting of 
paper and plastic ?lm, said electroconductive layer is 
aluminum, said photoconductive layer comprises zinc 
oxide and said low adhesion layer comprises a silicone 
surface releasing agent. ' ' r ‘ 

10.‘ A recording element for electrolytic recording com 
prising a support, an electroconductive layer,voperative as 
an electrode during the electrolysis, on said support, a 
photoconductive layer on said electroconductive layer and 
a low adhesion layer on said photoconductive layer. 
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