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57 ABSTRACT 

In an electrophotographic process in which the electrostatic 
latent image on a photosensitive plate is developed by a liquid 
developer and the resulting toner image is transferred to a 
copying material, an electric field is applied to the liquid 
developer squeezing means in order to prevent the 
disturbance of the toner image caused by the flow of toner 
particles in a carrier pool formed at the squeezing site. The 
electric field is applied in such a direction that toner particles 
are attracted to the photosensitive plate before transferring 
the toner particles to the copying material and/or toner parti 
cles are attracted to the copying material after transferring the 
toner particles to the copy material. 

2 Claims, 5 Drawing Figures 
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3,663,219 1 
ELECTROPHOTOGRAPHC PROCESS 

This invention relates to an electrophotographic process-, 
and more particularly, this invention relates to image 
reproduction by an electrophotographic process having liquid 
developing transfer and squeezing steps. 

Electrophotography was invented by C.F. Carlson in 1938. 
The fundamental principle of C. F. Carlson's process is dis 
closed in U.S. Pat. Nos. 2,221,776, 2,297,691, and 2,357,809. 

In general, C. F. Carlson's process comprises the following 
steps. Namely, a photosensitive plate prepared by laying a 
photoconductive insulating layer on a conductive base, is 
uniformly charged and image light is projected on the layer to 
form a latent image by selectively discharging the above ob 
tained uniform charge, and thereafter the latent image is 
developed with toner particles of electrically opposite polari 
ty. 
The image of particles or powder is fixed directly with heat 

or with solvent, or is transferred onto another member. 
Liquid developing methods for developing an electrostatic 

charge pattern with invented by Metcalfe et al. and are dis 
closed in U.S. Pat. Nos. 2,907,674 and 3,032,432. The 
photoconductive insulating layer retaining charge pattern is 
developed by contacting the same to a liquid developer 
through dipping or another method, and it is directly fixed, or 
transferred to other member. 

In accordance with the conventional electrophotography 
there is a drawback that the image is disturbed when an elec 
trostatic latent image is developed with liquid developer and 
the visible image thus formed is transferred onto copying 
material. Namely, when copying material is closely contacted 
to the surface of the developed visible image, most of the 
developing liquid remaining on the surface of the photosensi 
tive plate is removed, and therefore an abrupt flow or pool of 
the developing liquid is brought about at portion where the 
close contact between the copying material and the photosen 
sitive plate is started. 

Therefore, the toner is dispersed or carried along with the 
flow of the liquid developer to cause the disturbance of the image. 
Thus, in order to eliminate the disturbance of the image 

caused by the abrupt flow of the liquid developer, in ac 
cordance with one prior art method a predetermined gap is 
provided between the surface of the developed image and the 
copying material, an electric field is establish between the sur 
face of the developed image and copying material, 
However, this method has problems which are difficult to 

overcome from a technical point of view. In other words, a 
considerable amount of carrier liquid adheres on the copying 
material after the transfer of the image, in addition to the 
toner particles, and therefore it is necessary to remove the car 
rier liquid which adheres on the copying material. 
A large amount of liquid developer is wasted if the carrier 

liquid is evaporated by directly drying the same with hot air by 
using a fan. Furthermore, there is a problem which is not 
preferably from the sanitary point of view because of the 
evaporated gas, and the energy required for drying the liquid 
developer is remarkably great, and such drawbacks - - - , as 
mentioned above - - - , are inherent in the conventional 
method. 

In order to remove the above given drawbacks, another 
prior art method removes liquid developer on a copying 
material by passing the copying material through squeezing 
rollers before it is subjected to hot air drying treatment. How 
ever, when an ordinary paper is used as a copying material, the 
toner particles are carried along with the flow or the transfer 
of the liquid developer to disturb the image since there is no 
more electric attraction between the copying paper and the 
toner particles, which is a drawback of this method. 
The present invention relates to a method according to 

which a photosensitive plate is uniformly charged, and then a 
light image is irradiated thereon, and then the obtained latent 
image is developed in accordance with liquid developing 
process, and the copying material is brought close to the 
photosensitive plate, and before or after the copying material 
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2 
is brought close to the photosensitive plate to transfer the 
developed image, an excessive amount of carrier liquid is 
squeezed, and in accordance with this invention the electric 
field in the direction in which the toner is pressed onto the 
photosensitive plate or copying material is given to the squeez 
ing rollers, and it is possible thereby to prevent the 
disturbance of the toner image even if the carrier liquid should 
be squeezed out, and very excellent reproduced image can be 
obtained. 

In other words, before the developed image is transferred, 
an electric field is given to the liquid developer squeezing rol 
lers in a direction that the toner is pressed onto the photosen 
sitive plate. 

After the developed image is transferred, an electric field is 
applied to the liquid developer squeezing rollers in a direction 
that the toner particles are electrically attracted onto the 
copying material. 
The method for forming electrostatic latent image, which 

can be employed in this invention, is not restricted only to the 
conventional electrostatic latent image forming methods, but 
the techniques which are disclosed in copending and com 
monly assigned U.S. Pat. application Ser. Nos. 563,899 - - -, 
and 571,538 - - -, may be employed. 

It is therefore an object of this invention to provide a new 
electrophotographic copying process. 

It is a further object of this invention to provide a process in 
which a liquid developing step for electrostatic latent image 
characterized by high speed and precise image property and a 
step for transferring the developed image to ordinary papers 
of low cost and easy handling a are advantageously combined 
without losing the advantages of both of them. 

It is still a further object of this invention to provide a new 
and excellent process by applying an appropriate electric field 
to the liquid developer squeezing rollers before or after the 
image transfer process. 
The above mentioned and other objects of this invention 

will be clarified from the descriptions in the following explana 
tions, the claims and the attached drawings wherein: 

FIG. 1 is diagram showing the process in which the liquid 
developer is squeezed before the toner image on the photosen 
sitive plate is transferred; 

FIG. 2 is a diagram showing an application of the liquid 
developer squeezing process of this invention as is shown in 
FIG. 1 to an electrophotographic copying device; 
FIG. 3 shows the liquid developer squeezing process of this 

invention after the toner image is transferred; 
FIG. 4 shows the side view of an electrophotographic copy 

ing device to which the liquid developer squeezing process of 
this invention is applied after the toner image is transferred; 
and 

FIG. 5 shows the side view of another electrophotographic 
copying device to which the liquid developer squeezing 
process of this invention is applied after the toner image is 
transferred. 

FIG. 1 shows the liquid developer squeezing process of this 
invention before the toner image is transferred. First, and 
electrostatic charge of a predetermined polarity is given to the 
photosensitive plate A having a photoconductive layer 2 on 
the support 1 in accordance with a conventional method, and 
then the light image of the original image is projected, and 
thereafter, the latent image is developed by a liquid develop 
ing process to form a toner image on the photosensitive 
member A. After development excessive amount of carrier 
liquid 3 remains on the photosensitive member A-. The toner 
image is transferred onto the copying material 4, and when the 
copying material 4 and the photosensitive member A having 
the toner 5 and the carrier liquid 3 closely contact each other, 
an electric field in the direction for pressing a toner 5 onto the 
photosensitive member A, is applied to the liquid developer 
squeezing roller 6. 
Thus, the disturbance of the toner image can be prevented 

even if the carrier liquid 3 should be carried out when the 
photosensitive member A and the copying material 4 are 
closely contacted. 
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Thereafter, an electric field of polarity opposite to that of 
the electric charge of the toner 5 is applied to the transferring 
roller 7 to have the toner 5 absorbed to the copying material 4 
when the copying material 4 is separated from the photosensi 
tive member A. 
As the means for applying the electric field to the liquid 

developer squeezing roller 6 for squeezing out the liquid 
developer before the toner image is transferred and to the 
transfer-roller 7, a method may be employed, for example, 
wherein an electric field of the same polarity as that of the 
electrostatic charge of the toner 5 is applied to the squeezing 
roller 6 and an electric field of the opposite polarity to that of 
the toner 5 is applied to the transfer-roller 7 by means of the 
electric source E. 
The means for applying the electric field is not restricted to 

the above methods. For example, one of the liquid developer 
squeezing rollers may be made of an insulating material and 
the liquid developer may be squeezed while corona a 
discharge is applied to the roller. 
As an example of above, a copying material is faced to a 

negative toner image, and the two are closely contacted each 
other with the electroconductive rubber rollers 6 and 7 under 
a pressure of about 100 g/cm, and about -1000 V of DC volt 
age is given to the roller 6, and about +1000 V of DC voltage 
is applied to the roller 7. 
Thereby, no flow of image is observed at all, and the next 

copying operation can be performed at the copying efficiency 
of 100 percent without requiring a cleaning operation. 
An excellent result is obtained when this invention is ap 

plied to the latent image produced by the processes and the 
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photosensitive plates disclosed in U.S. Pat. application Ser. 
Nos. 563,899 and 571,538. 
The following is an explanation of the diagram of FIG. 2; 

FIG. 2 shows the combination of an electrophotographic 
copying device and the transfer-roller 7 and the liquid 
developer squeezing roller 6. 

In this device, the photosensitive plate A is composed of a 
cylindrical drum which rotates continuously. 
The photosensitive plate A comprising a photoconductive 

layer 2 on a support 1 is charged by means of corona 
discharger 10 - - -. Thereafter image light of the original copy 
is projected by using the exposing device 11 to form the elec 
trostatic latent image on the photosensitive plate A. And the 
photosensitive plate is dipped into the liquid developer in a 
vessel 12 to develop the latent image. 

After having developed the electrostatic latent image, the 
copying material 4 is introduced between the cylindrical 
photosensitive plate A and the transfer roller 7 and the liquid 
developer squeezing roller 6. When the copying material 4 is 
introduced between the photosensitive plate A and the 
transfer-roller 7, the liquid developer squeezing roller 6, a 
voltage of the same polarity as that of the electrostatic charge 
of the toner image formed on the cylindrical photosensitive 
plate A is applied to the liquid developer squeezing roller 6. 
On the other hand, a voltage of polarity opposite to that of the 
electrostatic charge of the toner image is applied to the 
transfer roller 7 to increase the image transferring effect. 
When the polarity of the toner particles was adjusted to be 

negative and a DC voltage of about -1000 V was applied to 
the roller 6 and a DC voltage of about +1000 V was applied to 
the roller 7, image flow was not observed at all,--. Thereafter a 
drying operation was carried out by using the hot air drier 17 
and an excellent image was obtained. 
The following is an explanation about the diagram of FIG. 3; 

FIG. 3 shows a liquid developer squeezing roller for squeezing 
out the excessive carrier liquid remaining on the copying 
material after the toner image is transferred. 

After the toner 5 is transferred onto the copying material 4, 
a considerable amount of carrier liquid 3 in addition to the 
toner 5 is adhered on the copying material 4. 

In order to remove the carrier liquid 3, an electric field in a 
direction in which the toner 5 is electrically attracted to the 
copying material 4 developer squeezing rollers 8 and 9 are 
operated by any optional means, is applied between the liquid 
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4 
developer squeezing rollers 8 and 9 which are operated by any 
operational means (not shown). Thus, the disturbance of the 
image caused by the flow of the liquid developer can be 
prevented. 

In regard to the means for applying the electric field, an 
electric field can be applied between the liquid developer 
squeezing rollers 8 and 9 by means of the electric source E, as 
is shown in FIG. 3. Of course the means for applying the elec 
tric field should not be restricted to the above. For example, 
one of the liquid developer squeezing rollers may be made of 
an insulating material and the liquid developer may be 
squeezed while a corona discharge is applied to the roller. 
When an electric field is applied between the liquid 

developer squeezing rollers 8 and 9, it is necessary to provide 
at least one means for preventing the rollers 8 and 9 from con 
tacting each other, or for covering either of said rollers 8 and 9 
with electrically insulating material or semiconductive materi 
al in order to prevent the liquid developer squeezing rollers 8 
and 9 from short-circuiting when the copying material 4 does 
not pass between the liquid developer squeezing rollers 8 and 
9. 
As is shown in FIG. 3 it is possible to insert a resistance R to 

the voltage applying circuit. 
When the copying material 4 is passed between the squeez 

ing rollers 8 and 9, a voltage from 50 V to 3 kv is applied 
between the rollers 8 and 9 in such a direction that the toner 5 
is electrically attracted to the copying material 4. Thus, the 
toner particles 5 can be attracted to the copying material 4 by 
the electric field when the carrier liquid 3 adhered on the 
copying material is removed by the squeezing rollers. 

Therefore, it is possible to produce excellent transferred 
image without causing the disturbance of the image. It is not 
an indispensable factor of this invention that two liquid 
developer squeezing rollers 8 and 9 should be provided, rather 
it is quite possible to replace either of the squeezing rollers by 
other additional means for squeezing the liquid developer. For 
example, one of the liquid developer squeezing rollers 8 and 9 
may be replaced by a squeezing means other than a roller. 
The following is an explanation of FIG. 4 which shows an 

embodiment of a electrophotographic device in which the 
squeezing rollers 8 and 9 shown in FIG.3 are combined. 

In this device, the photosensitive plate A is composed of 
cylindrical drum which, in operation, rotates continuously. 

First, the photosensitive plate A comprising a photo-con 
ductive layer 2 on a support 1 is charged by means of the 
corona discharger 10, and then the image light of the original 
copy is projected by means of the exposing means 11 to form 
electrostatic latent image on the photosensitive plage A. Then, 
the photosensitive plate is dipped in the liquid developer to 
develop the latent image. Thereafter, the copying material 4 is 
laid thereon with a slight distance from the surface of the 
image. 
An electric field is applied through the electroconductive 

roller 7 for image transfer from the back surface of the copy 
ing material 4 and the developed visible image is transferred to 
the copying material 4 by making use of the electrophoresis of 
the toner particles 5 contained in the liquid developer. 

After the completion of the image transfer, the copying 
material 4 is passed through the squeezing rollers 8 and 9 in 
order to remove a considerable amount of the carrier liquid 4 
adhered on the copying material 4. 
When the copying material 4 is passed through the squeez 

ing rollers, a voltage is applied between the two squeezing rol 
lers 8 and 9 by means of the electric source E in the direction 
in which the toner particles 5 are electrically attracted to the 
copying material 4. 

In other words, when the toner particles 5 are negative, a 
negative voltage is supplied to the squeezing roller 8, and a 
positive voltage is supplied to the squeezing roller 9. 
When a voltage from 50 V to 3 kv is applied between the 

squeezing rollers 8 and 9, the toner particles 5 are attracted to 
the copying material 4 by means of the electric field and the 
carrier liquid 3 adhered on the copying material 4 is removed. 
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Therefore, after having dried the same with a hot air drier 
17, an excellent image can be obtained without disturbing the 
Image. 
After having transferred the toner image, the photosensitive 

plate A is cleaned with the cleaning brush 15 and the copying 
operation can be carried out over again. 

It is not an indispensable factor of this invention that two 
liquid developer squeezing rollers 8 and 9 be provided, but 
rather either of them can be replaced by other additional 
means for squeezing off the liquid developer. For example, 
one of the liquid developer squeezing rollers 8 and 9 may be 
replaced by a squeezing means other than a roller. 
The following is an explanation about FIG. 5 which shows a 

modified electrophotographic copying device of the type 
shown in FIG. 4. 
The modified electrophotographic copying device of FIG. 5 

is the same as the electrophotographic device of FIG. 4 except 
that the image transferring roller 7 also works as the squeezing 
roller9 in the electrophotographic device. 

In the device of FIG. 5 the photosensitive plate A is com 
posed of a continuously rotating cylindrical drum, and the 
photosensitive plate A comprising a photoconductive layer 2 
on a support 1 is charged by means of a corona discharger 10, 
and then the light image of the original copy is projected by 
using the exposing means 11 and an electrostatic latent image 
is formed on the photosensitive plate A. 

Thereafter, the photosensitive plate is dipped into the 
developer liquid contained in the vessel 12 to develop the 
latent image and copying material 4 is laid thereon with a 
slight distance from the surface of the image. 
An electric field is applied from the back surface of the 

copying material 4 through an image transferring electrocon 
ductive roller 7 which functions as a transferring and squeez 
ing roller, and the visible image is transferred onto the copying 
material 4 by making use of the electrophoresis of the toner 
particles 5 contained in the liquid developer. 

After having transferred the image, in order to remove the 
carrier liquid 3 adhered on the copying material 4 in a con 
siderable amount, the copying material 4 is passed through the 
squeezing rollers 8 and the transferring roller 7. 
When the copying material 4 is passed between the squeez 

ing rollers, a voltage is applied to the squeezing roller 8 by 
means of the electric source E in a direction in which the 
toner particles 5 are electrically attracted to the copying 
material 4. 
When a voltage from 500 V to 3 kv is applied between the 

squeezing roller 8 and the image transferring roller 7, the 
toner particles 5 are attracted by an electric field to the copy 
ing material 4 and the carrier liquid 3 which is adhered on the 
copying material 4 is removed, and therefore it is possible to 
produce an excellent image without disturbing the image. 

After the completion of the transfer of the toner image ---, 
the photosensitive plate A is cleaned by the cleaning brush 15, 
and the copying operation can be carried out repeatedly. 
As is shown in FIG. 3, FIG. 4 and FIG. 5, it is preferable that 

the copying material 4 should be kept almost horizontal in 
order to prevent the disturbance of image caused by the flow 
ing out of the carrier liquid at the region between the transfer 
ring roller 7 and the squeezing rollers 8 and 9. 
As has been explained so far, this invention provides a new 

and remarkably effective electrophotographic process having 
a liquid developer squeezing step free from any disturbance of 
image which is caused by the flowing out of the liquid 
developer when the liquid developer is squeezed with the con 
ventional liquid developer squeezing rollers. 
According to a conventional process the transferred image 

is disturbed upon transferring the image on the photosensitive 
plate to the copying material by closely contacting the copying 
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6 
material to the image. This invention eliminates such disad 
vantage by squeezing the liquid developer before the transfer 
under application of electric field to the squeezing roller. 

Further, according to a conventional process, the trans 
ferred image is disturbed when the image on the photosensi 
tive plate is transferred to the copying material by closing the 
image on the photosensitive plate to the copying material and 
then the liquid developer is squeezed by the liquid developer 
squeezing roller. This invention succeeds in removing such 
disadvantage by squeezing the liquid developer after image 
transfer under application of an appropriate electric field to 
the liquid developer roller. 

In accordance with this invention, there is an advantage that 
the liquid developer can be effectively used by re-using the 
carrier liquid removed from the copying material by returning 
the same through the guide path (not shown) into a storage 
tank. 
On the other hand, in accordance with this invention, it is 

possible to use ordinary paper as the copying material, and the 
cost of the copying material is low. 
The structure of the squeezing device in accordance with 

the liquid developer squeezing process of this invention is very 
simple and can be produced economically. 

It is possible to squeeze out the liquid developer at a high 
speed when the liquid developer squeezing process is em 
ployed, and therefore this invention is very useful in the elec 
trophotographic copying devices in which liquid developing 
process is adopted. 
The above are the explanations about the concrete embodi 

ments given for explaining this invention, but it will be ap 
preciated by those skilled in the art that this invention includes 
various kinds of modifications and the varieties within the 
scope of this invention as is described in the claim of this in 
vention. 
What is claimed is: 
1. An electrophotographic process comprising the steps of 

forming an electrostatic latent image on an electrophoto 
graphic photosensitive member, developing the electrostatic 
latent image with a liquid developer containing a liquid carrier 
and a charged toner to form a toner image on said photosensi 
tive member, squeezing said photosensitive member, liquid 
carrier, charged toner and copying material between a first 
rotatable electroconductive roller and a support member for 
squeezing out excessive amounts of liquid carrier while apply 
ing a potential of the same polarity as that of said charged 
toner to cause said charged toner to adhere to said photosensi 
tive member, and then applying a potential of opposite polari 
ty while the photosensitive sheet, toner image and copying 
material are held between a second rotatable electroconduc 
tive roller and a support member to effect transfer of said 
toner image to said copying material. 

2. An electrophotographic process for reproducing an 
original image on copying material comprising the steps of 
forming an electrostatic latent image of said original image on 
an electrophotographic photosensitive member, developing 
said electrostatic latent image with a liquid developer contain 
ing a liquid carrier and charged toner to form a toner image on 
said photosensitive member, contacting said toner image with 
said copying material and squeezing said photosensitive 
member and said copying material to remove excessive 
amounts of liquid carrier while applying an electric field which 
adheres said charged toner to the surface of said photosensi 
tive member, and, thereafter, transferring said toner image to 
said copying material by contacting said copying material with 
said photosensitive member while applying an electric field 
which attracts the toner image to the surface of said copying 
material. 
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