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[5 7] ABSTRACT 
Method and apparatus for forming images by provid~ 
ing an electrostatographic imaging member bearing an 
electrostatic latent image on a recording surface, de 
veloping the electrostatic latent image with a liquid 
developer comprising an insulating carrier liquid and 
suspended toner particles whereby at least a portion of 
the toner particles deposit on the recording surface to 
form an imaged recording surface having image areas 
and background areas, and contacting the imaged re 
cording surface with a ?lm of cleaning liquid carried 
on the surface of an applicator member to remove 
toner particles deposited in the background areas. 

19 Claims, 3 Drawing Figures 
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METHOD FOR CLEANING BACKGROUND AREAS 
FROM DEVELOPED RECORDING SURFACES 

BACKGROUND OF THE INVENTION 

This invention relates to imaging systems, and more 
particularly, to an improved method and apparatus for 
developing electrostatic latent images with a liquid de 
veloper. 
Processes for the formation and the development of 

images on the surface of photoconductive materials by 
electrostatic means are well known. These processes 
include dry techniques such as cascade, powder cloud 
and magnetic brush processes and wet techniques such 
as the liquid development process. One conventional 
liquid development process involves placing a uniform 
electrostatic charge on a photoconductive insulating 
layer comprising zinc oxide power and a resinous 
binder carried on a conductive paper substrate, expos 
ing the layer to a light and shadow image to dissipate 
the charge on the areas of the layer exposed to the light 
and developing the electrostatic latent image by depos 
iting on the image a charged toner which is dispersed 
in an insulating liquid. The charged toner may be suit 
ably colored and may have a polarity of charge identi 
cal with or opposite to that of the latent image to be de 
veloped. If the polarity or charge of the toner is identi 
cal to that of the latent image, reversal development 
will occur whereas a toner having a charge opposite to 
that of the latent image will be attracted to the latent 
image. 
Although considered a highly desirable technique for 

the formation of images, difficulties are encountered 
with attempts to form high quality images with the liq 
uid development process. Generally, liquid develop 
ment is effected ‘by either immersing the electrostatic 
latent image bearing surface into the liquid developer 
or contacting the image bearing surface with a uniform 
film of liquid developer carried on an applicator sur 
face. The liquid developer adhering to the imaging sur 
face is thereafter dried by mere exposure to ambient air 
at room temperature, circulating heated air, infrared 
heating, pressure from squeegee rollers or the like. Un 
fortunately, the liquid developer adhering to the back 
ground areas of the imaging surface contain toner par 
ticles which remain on the imaging surface after drying. 
These undesirable background deposits are particularly 
acute in high speed continuous tone development sys 
tems employing a liquid developer containing high con 
centrations of toner particles. 

In multicolor processes, where the development pro 
cess is repeated with different colored developers cor 
responding to the primary colors to form a colored 
print on a single photosensitive surface, it is highly de 
sirable that the charging and discharging properties of 
the photosensitive layer remain substantially unaf 
fected by the presence of a toner image previously 
formed on the photosensitive layer. Generally, with 
conventional liquid development processes, the ?xing 
agent, stabilizer, electric charge regulator and the like 
which are employed in liquid developer remain on the 
photosensitive layer after development and tend to de 
teriorate the photoreceptor properties thereby inhibit 
ing the proper formation of subsequently developed 
images. 

It has been found that uniform photoreceptor proper 
ties can be maintained and background toner deposits 
can be reduced by immersing the imaging surface im 
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mediately after development in a rinsing liquid which 
contains little or no toner particles or other contami 
nants. However, the rinsing liquid rapidly becomes in 
effective due to the accumulation of toner particles and 
other undesirable materials found in liquid developers. 
In addition, a rinsing step presents additional problems 
in high speed development systems because treatment 
time and equipment complexity is increased. In addi 
tion, as a result of increasing toner contaminants in the 
rinsing liquid, additional equipment is required to re 
move these contaminants. 

In addition to mere dipping of a developed imaging 
surface into a toner free cleaning liquid, one could at 
tempt to remove toner from the background areas of a 
developed surface by injecting a cleaning liquid against 
the developed surface. This method comprises drawing 
up a cleaning liquid with means such as a pump and 
projecting it against the developed surface so as to 
wash away the liquid developer adhering to the devel 
oped surface. Although this washing method is effec 
tive, it is de?cient in that equipment complexity and 
the space required for its installation are increased. In 
addition, this method requires the use of a hoze, nozzle, 
and a liquid pump further complicating the washing op 
eration. Also, maintenance of the washing equipment 
proves to be particularly troublesome. Since most liq 
uid development techniques are de?cient in one or 
more of the above areas, there is a continuing need for 
improving imaging processes. . 

SUMMARY OF THE INVENTIO 

It is therefore an object of this invention to provide 
an imaging system overcoming the above noted defi 
ciencies. 

It is another object of this invention to provide an im 
aging technique which improves electrostatographic 
image quality. 

It is a further object of this invention to provide im 
ages having reduced background deposits. 

It is still another object of this invention to provide 
an imaging system which removes contaminants more 
effectively from imaging surfaces. 

It is another object of this invention to provide an im 
aging system superior to those of known systems. 
The above objects and others are accomplished in ac 

cordance with this invention, generally speaking, by 
providing an electrostatographic imaging member 
bearing an electrostatic latent image on a recording 
surface, developing the electrostatic latent image with 
a liquid developer comprising an insulating carrier liq 
uid and suspended toner particles whereby at least a 
portion of the toner particles deposit on the recording 
surface to form an imaged recording surface having 
image areas and background areas, and contacting the 
imaged recording surface with a ?lm of cleaning liquid 
carried on the surface of an applicator member to re 
move toner particles deposited in the background ar 
eas. Mechanically, only the cleaning liquid ?lm is per 
mitted to come into contact with the developed sur 
face. Accordingly, the developed image will not be 
damaged or destroyed. Further, the cleaning can be ac 
complished in a very short period of time because the 
cleaning liquid film may be contacted with the devel 
oped surface at a high rate of speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The advantages of the improved electrostatographic 
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imaging systems will become further apparent upon 
consideration of the following disclosure of the inven 
tion, particularly when taken in conjunction with the 
accompanying drawings wherein: 
FIG. 1 is a schematic sectional view in which an elec 

trostatographic image is cleaned by immersion in a 
cleaning liquid. 
FIG. 2 is a schematic sectional view of an electropho 

tographic imaging apparatus employing an embodi 
ment of the cleaning system of this invention. 
FIG. 3 is a schematic sectional view of an alternative 

form of the apparatus shown in FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The conventional technique to remove toner parti— 
cles from the background areas of a developed electro 
statographic recording member by immersion in a ton 
er-free cleaning liquid is illustrated in FIG. ll. Refer 
ence character 10 designates a toner image formed by 
conventional liquid development techniques on a pho 
toreceptor sheet 11. Removal of excess toner particles 
12 deposited on the front and rear surfaces of the pho 
toreceptor sheet 11 is effected by immersing the photo 
receptor sheet 11 in cleaning liquid 13. During immer 
sion, various components such as ?xing agents, stabiliz 
ers and electric charge regulators originating from the 
liquid developer are also removed from the photore 
ceptor sheet 11 by cleaning liquid 13. It is apparent, 
that the cleaning liquid employed in this cleaning sys~ 
tem is most efficient when fresh uncontaminated clean 
ing liquid is employed. Obviously, the cleaning liquid 
should be selected from liquids which will not destroy 
the toner image or dissolve and swell the photorecepter 
sheet 11. It is further apparent, that the cleaning liquid 
is preferably a liquid which is highly insulating and has 
a low dielectric constant. Although the cleaning pro 
cess described with reference to FIG. 1 reduces back 
ground deposits in developed images, it requires a time 
consuming operation and is difficult to automate. 

In FIG. 2, a photoreceptor sheet 14 bearing a devel 
oped surface on the lower side thereof is delivered by 
means of a guide roller 15 for advancing the photore 
ceptor sheet 14 in a ?xed path. Reference character 16 
denotes a roller adapted to rotate at a high rate of 
speed, with the lower part thereof submerged in fresh, 
clear cleaning liquid 17 which is contained in reservoir 
18. Obviously, cleaning liquid 17 should contain little 
or no toner particles or other contaminants and should 
have a lower concentration of developer particles than 
the liquid developer employed to develop photorecep 
tor sheet 14 and should preferably be substantially free 
of any developer particles for most efficient cleaning 
results. Cleaning liquid 17, of course, also should be se 
lected from those materials which will not swell or dis 
solve the photoreceptor sheet 14 or the toner image. 
For example, if photosensitive paper comprising zinc 
oxide and an insulating binder layer is employed, cyclo 
hexane, hexane, heptane, or petroleum solvents such as 
isoparaf?n or gasoline may be used. If desired, a suit 
able amount of chlorinated hydrocarbon or fluorinated 
hydrocarbon may be added to the cleaning liquid to 
render the cleaning mixture less ?ammable. As roller 
16 rotates at a high rate of speed, a ?lm of cleaning liq 
uid 19 is formed on the peripheral surface thereof. 
Once this ?lm of liquid is formed, it acquires a constant 
rate of rotation and rotates in conjunction with the rol 
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4 
ler. Upon contact of cleaning liquid ?lm 19 with 
photorecepter sheet 14, cleaning liquid ?lm 19 thereby 
washes away excess toner particles along with it. How 
ever, as a consequence, the same film of cleaning liquid 
remains around the roller and soiling of the cleaning 
liquid ?lm becomes intensive. Therefore, a baf?e plate 
20 is disposed below roller 16 so as to insure desirable 
circulation of the cleaning liquid ?lm in the cleaning 
liquid vessel. This circulation serves to permit all of the 
cleaning liquid in reservoir 18 to become soiled uni 
formly, with the aforementioned drawback eliminated 
thereby. The circulation of the cleaning liquid need not 
always be accomplished by means of such baffle plate 
or blade. Other suitable circulation methods, such as 
agitation with a stirrer, may be used for the purpose. 
Since photoreceptor sheet 14 is cleaned with a substan 
tially uncontaminated cleaning liquid, maximum re 
moval of excess toner particles and other undesirable 
developer components is effected. Further, it is appar 
ent that cleaning liquid 17 can be repeatedly employed 
to clean photoreceptor sheet 14 because the ?lm is 
continuously replenished from the cleaning liquid con 
taining a very low concentration of developer compo 
nents. 

The cleaning step of this invention should be carried 
out before the developed photoreceptor sheet 14 is al 
lowed to dry. Poor results are obtained when removal 
of background toner deposits is attempted after the de 
veloped photoreceptor sheet 14 is permitted to dry 
completely. 
The thickness of ?lm 19 of cleaning liquid 17 varies 

with the viscosity of cleaning liquid 17 and the periph 
eral speed of roller 16. The ?lm thickness increases 
with increasing viscosity of the cleaning liquid and gen 
erally with an increasing rate of rotational speed of rol 
ler 16. Satisfactory results are achieved with a film 
thickness in the range of from about Va millimeter to 
about 3 millimeters. 
The cleaning effect of ?lm 19 is decreased where the 

thickness of ?lm 19 is too small. To increase the clean 
ing speed, it is generally suf?cient to increase the rota 
tional speed of roller 16. However, if the rotational 
speed of roller 16 is increased excessively, film 19 ad 
hering to roller 16 may be drawn away from roller 16 
by virtue of centrifugal force, also the developed toner 
image may consequently be damaged or destroyed. 
Therefore, the upper limit of the rotational speed of 
roller 16 is determined by the nature of the developed 
image. Where there is ?rm adhesion between the devel 
oped toner image and the photoreceptor surface, safe 
cleaning can be accomplished if the relative speed of 
the developed surface and the ?lm of cleaning liquid 
increases to a level of about 30 meters per second. 
Thus, safe cleaning may be accomplished where the 
?lm of cleaning liquid contacts the developed surface 
at a relative rate of speed greater than that of the devel 
oped surface. Where the adhesive force of the toner 
image to the photoreceptor surface is small, there may 
be cases in which the relative speed is preferably lim 
ited to a level of about 30 centimeters per second. It 
should, be apparent that when contact is made if there I 
is substantially no difference in the rate of speed be 
tween the ?lm of cleaning liquid and the developed sur 
face less ef?cient cleaning of the developed surface is 
obtained. For example, if ‘both the ?lm of cleaning liq 
uid and the developed surface are traveling in the same 
direction and at substantially the same rate of speed, 
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cleaning efficiency decreases. Cleaning ef?ciency in 
creases where the developed surface is moving slowly 
in one direction, for example, clockwise, and the ?lm 
of cleaning liquid is moving in another direction, for ex 
ample, counterclockwise, Maximum cleaning ef? 
ciency is obtained as the rate of speed of the developed 
surface is increased in one direction, for example, 
clockwise, with the rate of speed of the ?lm of cleaning 
liquid increased in another direction for example, 
counterclockwise. 
Another speci?c embodiment of the cleaning system 

of this invention is illustrated in FIG. 3. In this embodi 
ment, shielding plates 21 and 22 are disposed for the 
‘purpose of preventing cleaning liquid ?lm 19 from 
being dispersed randomly by virtue of centrifugal force 
when roller 16 rotates at a high rate of speed. Shielding 
plates 21 and 22 consequently prevent the cleaning liq 
uid from being dispersed randomly and permit the se 
lection of a suitable opening with roller 16 so as to con~ 
trol the thickness of liquid ?lm being rotated since liq 
uid ?lm adhering to the roller may be sent flying by vir 
tue of centrifugal force and the developed toner image 
may be damaged or destroyed. Although the rotational 
direction of roller 16 carrying the cleaning liquid 
thereon is opposite to that of roller 15 carrying the pho 
toreceptor sheet in the description of FIG. 2 and FIG. 
3, it can be in the same direction. Higher relative 
speeds, however, and consequently higher cleaning 
rates are achieved with countercurrent contact. 
After repeated use, the cleaning liquid becomes in 

creasingly soiled. However, suitable recovery tech 
niques can be used. For example, the toner material 
can be removed electrically, and the resinous compo 
nent dissolved therein can be removed such as by 
means ofa desorbent. Thus, in the system of this inven 
tion, the background toner deposits and soluble liquid 
developer components which adhere to the surface of 
an electrostatographic imaging member are washed 
away by substantially fresh clean cleaning liquid. It is 
apparent from the foregoing description that consump 
tion of cleaning liquid is reduced to a minimum and 
contamination of the cleaning liquid does not signi? 
cantly impede cleaning effectiveness. Further, the 
equipment required is quite simple and compact, the 
space necessary for its installation is small and both op 
eration and maintenance are minimal. 
Any suitable material, such as conventional binder 

plates, may be employed in the photoreceptor sheet of 
this invention. Preferably, the material should resist 
dissolving or swelling when contacted with the liquid 
developer and the cleaning liquid. For example, while 
photosensitive paper comprising zinc oxide and an in 
sulating binder layer are discussed above, it is to be un 
derstood that other imaging members may be em 
ployed and that the choice of particular imaging mem 
ber and particular development system may be readily 
determined by one skilled in the art. For example, cad 
mium sul?de, zinc sul?de, zinc selenide, cadmium sele 
nide, titanium dioxide, phthalocyanine and polyvinyl 
carbazole may be employed as a photoconductive ma 
terial. in addition, other suitable electrostatographic 
imaging members may be employed. 
Any suitable conventional insulating liquid developer 

may be employed in the system of this invention. Typi 
cal liquid developers contain electroscopic marking 
particles dispersed in an insulating liquid vehicle and 
may also contain control agents and suspending agents 
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6 
for their well known functions. The electroscopic 
marking particles are conventionally dispersed and sus 
pended in the liquid by stirring or agitation and where 
a highly uniform and stable suspension is desired, the 
suspension may be passed through a colloid mill. For 
optimum results, toner particles having an average di 
ameter of less than about 1 micron are preferred be 
cause higher resolution images and more stable devel 
oper mixtures are achieved. 
Although speci?c materials and conditions are set 

forth in the foregoing examples, these are merely in 
tended as illustrations of the present invention. Various 
other suitable electrostatographic imaging members, 
developers, cleaning liquids and cleaning system con 
?gurations including those listed above may be substi 
tuted for those in the speci?c examples with similar re 
sults. For example, various other suitable applicator 
members such as an endless belt of metal, rubber, plas 
tic, cloth, or paper may be used. Other materials may 
also be added to the imaging member, developer, or 
cleaning liquid to sensitize, synergize or otherwise im 
prove the imaging properties or desirable properties of 
the system. 
Other modi?cations of the present invention will 

occur to those skilled in the art upon a reading of the 
present disclosure. These are intended to be included 
within the scope of this invention. 
What is claimed is: 
l. A method of forming images comprising providing 

an electrostatographic imaging member bearing an 
electrostatic latent image on a recording surface, devel 
oping said electrostatic latent image with a liquid devel 
oper comprising an insulating carrier liquid and sus 
pended toner particles whereby at least a portion of 
said toner particles deposit on said recording surface to 
form an imaged recording surface having image areas 
and background areas, rotating an applicator member 
in a cleaning liquid to form a ?lm of said cleaning liquid 
on the surface of said applicator member, maintaining 
said applicator member free from contact with said im 
aged recording surface, and contacting said imaged re 
cording surface with said ?lm of cleaning liquid carried 
on the surface of said applicator member to remove 
toner particles deposited in said background areas. 

2. A method according to claim 1 including removing 
said ?lm of cleaning liquid contaminated with said 
toner particles from said surface of said applicator 
member. 

3. A method according to claim 2 including recover 
ing said ?lm of cleaning liquid contaminated with said 
toner particles removed from said surface of said appli 
cator member. 

4. A method according to claim 3 including dispers 
ing said ?lm of cleaning liquid contaminated with said 
toner particles in a cleaning liquid bath to circulate at 
least a portion of said contaminated ?lm and forming 
a new ?lm of cleaning liquid on said surface of said ap 
plicator from substantially uncontaminated cleaning 
liquid for further treatment of imaged recording sur 
faces. 

5. A method according to claim 4 including stirring 
said ?lm of cleaning liquid contaminated with said 
toner particles in a cleaning liquid bath to circulate at 
least a portion of said contaminated ?lm and forming 
a new ?lm of cleaning liquid on said surface of said ap 
plicator from substantially uncontaminated cleaning 
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liquid for further treatment of imaged recording sur 
faces. 

6. A method according to claim 5 including reform 
ing said ?lm of cleaning liquid on said surface of said 
applicator member with recirculated cleaning liquid for 
further treatment of said imaged recording surfaces. 

7. A method according to claim 1 including removing 
said toner particles deposited in said background areas 
substantially immediately after developing said electro 
static latent image. 

8. A method according to claim 1 including trans 
porting said ?lm of cleaning liquid in an arcuate path ' 
to said imaged recording surface. 

9. A method according to claim 1 including regulat 
ing the thickness of said ?lm of cleaning liquid carried 
on said surface of said applicator member prior to 
contact with said imaged recording surface. 

10. A method according to claim 9 including main 
taining said thickness of said ?lm of cleaning liquid car 
ried on said surface of said applicator member prior to 
contact with said imaged recording surface in the range 
of from about 11% millimeter to about 3 millimeters. 

11. A method according to claim 1 including reduc 
ing the thickness of said ?lm of cleaning liquid carried 
on said surface of said applicator member prior to 
contact with said imaged recording surface. 

12. A method according to claim 1 including contact 
ing said imaged recording surface with a ?lm of clean 
ing liquid carried on said surface of said applicator 
member sufficiently thick to remove at least a portion 
of said toner particles deposited in said background ar 
eas. 

13. A method according to claim 1 including advanc 
ing an imaged recording surface in a ?xed path and ad 
vancing said film of cleaning liquid carried on said sur 
face of said applicator member in a direction counter 
current to said imaged recording surface. 

14. A method according to claim 1 including contact 
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8 
ing said imaged recording surface with said ?lm of 
cleaning liquid carried on said surface of said applica 
tor member and traveling at a relative rate of speed 
greater than said imaged recording surface. 

15. A method according to claim 1 including contact 
ing said imaged recording surface with said ?lm of 
cleaning liquid carried on said surface of said applica 
tor member and traveling at a relative rate of speed be 
tween about 30 centimeters per second and about 30 
meters per second. 

16. A method of surface cleaning developed electro 
statographic recording surfaces comprising providing a 
recording member having an imaged recording surface 
bearing toner particles deposited in image areas and 
background areas, applying a ?lm of cleaning liquid to 
the surface of an applicator member, transporting said 
imaged recording surface into a cleaning zone located 
outside a development zone, and contacting said im 
aged recording surface with said ?lm of cleaning liquid 
carried on said surface of said applicator member to re 
move said toner particles deposited in said background 
areas. 

17. A method according to claim 16 including con 
tacting said imaged recording surface with said ?lm of 
cleaning liquid carried on said surface of said applica 
tor member and traveling at a relative rate of speed 
greater than said imaged recording surface. 

18. A method according to claim 16 including dispos 
ing shielding plates adjacent to and spaced away from 
said applicator member and adapted to prevent said 
?lm of cleaning liquid from being dispersed randomly 
by virtue of centrifugal force when said applicator 
member rotates at a high rate of speed. 

19. A method according to claim 16 including dispos 
ing shielding plates adjacent to and spaced away from 
said applicator member and adapted to control the 
thickness of said ?lm of cleaning liquid being rotated. 
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