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[5 7] ABSTRACT 
A‘ cleaning system for the moving photoconductive 
surface of an image transfer electrostatic copying sys 
tem using a developer made up of toner particles and 
a liquid carrier in which a cleaning belt with a rough 
surface is constrained to cause an area of the belt sur 
face to contact the photoconductive surface at a loca 
tion past the image transfer station with the belt being 
driven in a direction opposite to the direction of 
movement of the photoconductive surface and with 
clear carrier liquid being metered across the photo 
conductive surface just ahead of the cleaning belt at a 
rate which is approximately equal to the rate at which 
the carrier liquid evaporates from the developer. Pref 
erably the belt is reciprocated transversely and prefer 
ably the photoconductive surface is ?ooded with light 
as it leaves the image transfer station. 

18 Claims, 10 Drawing Figures 
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CLEANING MECHANISM FOR 

PHOTOCONDUCTIYE SURFACES 
BACKGROUND OF THE INVENTION 

There are known in the prior art ‘copying machines 
in which a latent electrostatic image on a photoconduc 
tive surface ?rst is developed and then the image later 
is transferred to a sheet of copy material such as paper 
or the like. Our‘ copending application, Ser. No. 

5 

155,108, ?led June 21, 1971, discloses a Method of 10 
Contact Transfer of Developed Electrostatic Images 
and Means for Practicing the ‘Same. In the arrangement 
disclosed in our copending application, a photoconduc~ 
tive surface is moved successively past a charging sta 
tion and an exposure station and a developing station 
and an image transfer station. In the course of its opera 
tion, the surface ?rst receives a static charge and then 
is exposed to the image to be copied to produce a latent 
electrostatic image on the: surface. In our copending 
application, the latent image is developed by subjecting 
the surface to the action of a developer comprising par 
ticles of a tacky toner in a suitable carrier. Following 
this development of the image, the surface is brought 
into intimate contact with the material on which the 
copy is to be made. Owing‘ to the greater af?nity of the 
tacky toner for ‘the copy material, such as paper, than 
for thephotoconductive surface, the image is trans 
ferred to the copy material. . ‘ , 

Ideally, in the operation of a machine such as that de 
scribed above, all of the toner particles would be trans 
ferred from the photoconductive surface to the copy 
material in the course of the image transferring step. 
Such, however, is not the case, and some toner parti 
cles remain adhered to the photoconductive surface. It 
will readily be appreciated that after a relatively short 
period of time in use, the surface will become so dirty 
‘that copies made by the machine are entirely unsatis 
factory. This may be the result of interference by the 
buildup with the charging operation and the exposure 
operation or haphazard transfer of some of the buildup 
during subsequent copying operations. 
Various suggestions have been made for cleaning the 

photoconductive surface of adhered toner particles so 
as to avoid the problem outlined above. These efforts 
have generally been unsuccessful. Either the surface is 
not effectively cleaned or toner buildup on the cleaning 
element necessitates maintenance at such frequent in 
tervals as to render the arrangement. entirely impracti 
cable. 1 ' 

We have invented a cleaning mechanism for a photo 
conductive surface which overcomes the problems 
pointed out hereinabove in image transfer electropho 
tographic systems of the prior art. Our mechanism ef 

fectively cleans the photoconductive surface of an 
image transfer electrophotographic system. Our mech 
anism requires maintenance at only relatively infre 
quent intervals. It has a long life in use. It is simple in 
construction and in operation for the results achieved 
thereby. 

SUMMARY or THE INVENTION 
One object of our invention is to provide a cleaning 

mechanism for the photoconductive surface of an 
image transfer electrostatic copying machine. 
Another object of our invention is to provide a clean 

ing mechanism which effectively cleans a photocon 
ductive surface of toner particles adhered thereto. 
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2 
A further object of our invention is to provide a 

cleaning mechanism for photoconductive surfaces 
which does not require frequent maintenance. 

Still another object of our invention is to provide a 
cleaning mechanism for a photoconductive surface 
which is simple in construction and in operation for the 
result achieved thereby. 

- Other and further objects of our invention will ap 
pear from the following description. 

In general our invention contemplates the provision 
of a cleaning mechanism for the moving photoconduc 
tive surface of an image transfer electrostatic copying 
machine using liquid developer comprising toner parti 
cles in a carrier in which an area of the rough surface 
of a cleaning belt driven in a direction opposite to the 
movement of the drum surface, engages the drum sur 
face at a location past the image transfer station and in 
which developer liquid is metered into the surface just 
ahead of the belt at a rate substantially equal to the rate 
at which liquid evaporates from the developer system 
of the machine. Preferably, we ?ood the surface with 
light as it leaves the transfer station to facilitate the 
cleaning operation. Further the belt may be recipro 
cated transversely as it is driven to enhance the scrub 
bing action thereof. 

BRIEF‘ DESCRIPTION OF THE DRAWINGS 

' In the accompanying drawings which form part of the 
instant speci?cation and which are to be read in con 
junction therewith and in which like reference numer 
als are used to indicate like parts in the various views: 
FIG. 1 is a schematic view of an image transfer elec 

trostatic copying machine incorporating one form of 
our cleaning mechanism. 
FIG. 2 is a sectional view of the form of our cleaning 

mechanism for photoconductive surfaces illustrated in 
FIG. 1. 
FIG. 3 is a top plan view of the form of our cleaning 

mechanism illustrated in FIG. 2 taken along the line 
3-3 of FIG. 2. 
FIG. 4 is an end elevation of the form of our cleaning 

mechanism shown in FIG. 2 taken along the line 4-4 
of FIG. 2. 

FIG. 5 is an end elevation of the mechanism illus 
trated in FIG. 3 taken along the line 5-5 of FIG. 3. 
FIG. 6 is a fragmentary sectional view of one form of 

cleaning belt which we may employ in our system. 
FIG. 7 is a fragmentary perspective view of the liquid 

metering portion of our cleaning mechanism for photo 
conductive surfaces. 
FIG; 8 is a sectional view of the liquid supply pump 

of our cleaning mechanism for photoconductive sur 
faces. 
FIG. 9 is a perspective view of an alternate form of 

our cleaning mechanism for photoconductive surfaces. 
FIG. 10 is a fragmentary sectional view of the form 

of our cleaning mechanism illustrated in FIG. 9 show 
ing an alternate arrangement of the doctor blade 
thereof. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT ' 

Referring now to FIG. 1, one form of image transfer 
electrophotographic copying apparatus, indicated gen 
erally by the reference character 10, with which our 
cleaning system can be used, includes a drum 12, hav 
ing a photoconductive surface 14. Drum 12 is sup 



3 
ported on a shaft 16 adapted to be driven in any suit 
able manner in the direction of the arrow in FIG. 1 to 
carry the photoconductive surface past an exhaust dis 
charge lamp 18, a charging station at which a corona 
20 applies a charge to the surface, past an exposure sta 
tion at which the machine optics 22 expose the surface 
to an image of the material to be copied and to a devel 
oping station at which a tray 24 carrying developer liq 
uid is located. As the latent image passes through the 
tray 24, it is subjected to the action of a liquiddevel 
oper comprising toner particles in a liquid carrier. In 
the arrangement shown in our copending application in 
the course of the development of the image, tacky 
toner particles adhere to areas of the surface 14 which 
retain the charge, thus to develop the image. 
As the surface 14 carrying the developed image 

leaves the developer tank, it is subjected to light from 
a lamp 26 which is adapted to bleed any background 
charge off the surface. Next, the image travels through 
a transfer region at which the image is transferred to 
the surface of suitable copy material, such as paper 28, 
which is fed from a supply roll 30-and through a heater 
32 around guide rolls 34 and 36 into contact with the 
drum. As the paper and the drum surface move to 
gether the toner particles making up the developed 
image are transferred to the paper until the paper ar 
rives at a pair of rolls 38 and 40 which deliver the copy 
to the user of the machine. It will readily be appreci~ 
ated that a suitable cutter (not shown) may be incorpo 
rated in the machine to cut the copy to length. 
A ?rst pump 42 is adapted to supply developer liquid 

to the tray 24 through a line 44. Overflow from the tray 
24 is collected in a trough 46 from whence the devel 
oper flows through a line 48 and through a toner con 
centrate sensing arrangement 50 to a supply tank 52. 
A line 54 connects the tank 52 to the intake of pump 
42. 
A second pump 56 connected to tank 52 by a line 58 

feeds developer from the tank to a line 60 leading into 
an impingement mill indicated generally by the refer 
ence character 62 which feeds developer to tank 52 
through a line 64. In response to a signal from the sens 
ing system 50, additional concentrate is fed to the mill 

_ 62 from a supply tank 66 through a pipe 68. The devel 
oper supply apparatus including mill 62 is described in 
greater detail in our copending application Ser. No. 
212,155 ?led Dec. 27, 1971. Our system differs from 
that disclosed in the last-mentioned application only in 
that, for a reason which will be apparent from the fol 
lowing description, clear carrier liquid is not supplied 
directly to the mill 62. One carrier liquid or diluent 
which we may use is an isomerized paraffinic hydrocar 
bon having a specific gravity of 0.75 at 60°F. and a 
kauri-butanol number of 27. This material is manufac 
tured by Standard Oil Company of New Jersey and sold 
under the trademark “ISOPAR G.” Other diluents and 
examples of toners we may employ are disclosed in our 
?rstmentioned copending application. 

. We'position our cleaning mechanism, indicated gen 
erally by the reference character 70, at a location 
around the periphery of the drum 12 between copy dis 
charge rolls 38 and 40 and the exhaust exposure lamp 
18. 
Referring now to FIGS. 2 to 5, the form of our clean 

ing mechanism indicated generally byv the reference 
character 70 illustrated in FIG. 1 includes spaced 
brackets 74 and 76 carried by a channel iron 72 of the 
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4 
frame‘ of the machine 10. Respective ?exible mounting 
elements 78 on the brackets 74 and 76 position a tank 
80 which rests on a pad 82 of any suitable shock 
absorbing material such, for example, as synthetic rub 
her, on the channel 72. We provide the tank 80 with an 
outlet tube 86 the inlet end of which is disposed at a 
predetermined level above the bottom of the tank 80 
so that the tank always contains liquid carrier up to that 
level. We also provide the tank with an inlet tube 84 
through which diluent may be admitted to ?ll tank 80 
to the required level before beginning operation of the 
machine. A bracket 89 in the tank 80 carries an appli 
cator member such as a sponge 88 adapted to applyde 
veloper liquid to the cleaner belt in a manner to be de 
scribed. 
A pair of brackets 90 and 92 on the sides of the tank 

80 carry respective bearings .96 and 98 which rotatably . 
receive a shaft 100. Shaft 100 extends through bearings 
108 and 109 in the sides 102 and 104 of a cleaning belt 
frame including a center web 106 extending between 
sides 102 and 104 and secured thereto by any suitable 
means such as by welding. We rotatably mount a sec 
ond roller shaft 110 on the frame sides 102 and 104 at 
a location remote from the shaft 100. Shafts 100 and 
110 receive respective belt-supporting rolls 112 and 
114 for rotation therewith and for axial movement rela 
tive thereto ‘by means of splines or the like. Rolls 112 
and 114 carry the cleaning belt 116. 
A pair of spaced brackets 118 secured to the under 

side of web 106 carry a guide bar 120 adapted to en 
gage the inner surface of belt 116 to cause the outer 
surface thereof to conform to the surface of drum 12 
over a relatively large area. Another pair of spaced 
brackets 112 secured to the underside of the web 106 
pivotally carry arms 124 and 126 which rotatably sup 
port a belt tensioning roller 128 adapted to engage the 
outer surface of the belt 1 16. Springs 130 extending be 
tween web 106 and the arms 124 and 126 urges roller 
128 into engagement with belt 116 with sufficient force 
to give the belt the desired tension. A guide bar 131 is 
supported by the frame in a position to engage the 
outer surface of the outer stand of the belt 116 to in 
crease the area of contact between the belt 1 16 and the 
rollers 112 and 114 to ensure good driving contact 
therebetween. Tank 80 supports a splash shield 133. 
A motor 132 supported on the frame side 102 is 

adapted to be energized to drive shaft 100 to rotate roll 
112. A sprocket wheel 134 carried by shaft 100 at its 
end remote from motor 132 drives a pitch chain 136 
which engages a sprocket wheel 138 carried by shaft 
110 for rotation therewith. It will thus be seen that as 
motor 132 drives shaft 100, rollers 112 and 114 are 
driven to drive belt 116 by virtue of their frictional en 
gagement therewith. We so arrange our system that the 
portion of the belt 116 in engagement with drum 12 is 
driven in a direction opposite to the direction of move 
ment of the drum surface. 

In the form of our invention illustrated in FIGS. 2 to 
5, we reciprocate the belt 116 transversely of its length 
as the belt is driven by rollers 112 and 114. We form 
the left edges of the respective rollers with cam sur 
faces 140 and 142 adapted to engage respective sta 
tionary cams 144 and 146. Respective compression 
springs 148 and 150 urge surfaces 140 and 142 into en 
gagement with cams 144 and 146. Thus as the rollers 
rotate they are moved in synchronism back and forth 
axially so as to cause the belt 116 to reciprocate trans 
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versely of its length. The movement of the belt in a di 
rection opposite to that of the drum surface together 
with the lateral reciprocation of the belt affords an ex 
tremely effective scrubbing action on the surface 14 of 
the drum 12. 
Tank 80 rotatably supports a shaft 152 located within 

the tank adjacent to the top thereof. Shaft 152 carries 
a wiper blade 154 adapted to engage the outersurface 
of belt 116 as it emerges from the tank to remove ex 
cess liquid therefrom. A spring 158 acts on an arm 156 
carried by shaft 152 at a location outside the tank to 
urge blade 154 into engagement with the outer surface 
of the belt 116. ' _ 

Referring now to FIG. 6, the cleaning belt, indicated 
generally by the reference character 116, may be any 
suitable type which will afford the desired scrubbing 
action on the surface 14 of drum 12. One form of belt 
which we have found gives a good scrubbing action is 
made up of three layers 160, 162 and 164, of ?ne, 
sheer, plain-woven linen cloth such as lawn. These lay 
ers may be held together by use of a suitable adhesive 
such as a polyvinyl alcohol glue. Over the layers of lawn 
we apply a layer 166 of nylon fabric having a pile 168. 
We adhere the layer 166 to layer 164. The various lay 
ers are assembled on a suitable mandrel and taped 
‘thereon until the adhesive sets. After removal, the 
edges are stitched together by means of stitching 170. 
We have found that the cleaning action of the belt is 

enhanced when the surface 14 is wetted with a liquid 
developer diluent such as Isopar G just before being 
subjected to the scrubbing action of the. belt. A tank 
172 holds a supply of the liquid diluent which is fed to 
a pump assembly indicated generally by the reference 
character 176 through a line 174. Pump 176 delivers a 
metered amount of diluent through a line 178 to a man 
ifold 180. Manifold 180 extends over substantially the 
entire width of the drum 12 and is provided with a plu 
rality of spaced outlet openings 182 through which dil 
uent trickles onto the surface 14. 
Further to‘ enhance the cleaning action of the belt 

116, we mount a ?oodlight 184 adjacent to the surface 
of the drum just ahead of the manifold 180. 
' Referring now to FIG. 8, pump 176 includes a hous 
ing 186 carrying a base plate 188 and provided with a 
cover plate 190 secured to the housing by any suitable 
means such as by screws 192. A recess 194 in the cover 
plate 190 is adapted to receive the upper end of a ?exi 
ble diaphragm 196. Pump 176 includes a piston 198 se 
cured to the diaphragm 196 and adapted to be driven 
so as to reciprocate the diaphragm with a predeter 
mined stroke. 
A motor 200 is adapted to be energized to drive the 

input of a gear box 202 having an output shaft 204 car 
rying an eccentric 206. The eccentric 206 drivingly en 
gages a follower plate 208 on the upper end ‘of the rod 
of piston 198. An opening 210 in base plate 188 re 
ceives an inlet valve 212 which admits ?uid into hous 
ing 186 through a ?tting 214 during the upstroke of pis 
ton 198. A second opening 216 in base plate 188 re 
ceives an outlet valve 218 which permits liquid to flow 
out of housing 186 through a ?tting 220 during the 
downstroke of the piston 198. It will readily be appreci 
ated that we connect line 174 to ?tting 214 and we con 
nect ?tting 220 to the line 178. 
From the structure just described, it will be seen that 

we have provided a positive displacement pump which 
delivers the liquid diluent to the manifold 180. We so 
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6 
arrange our system that the amount of diluent supplied 
to the surface 14 through the openings 182 is approxi 
mately equal to the amount of diluent which is lost by 
evaporation in the course of the normal operation of 
the machine incorporating our cleaning system. By way 
of example we may monitor the level of diluent in tank 
52 by means of a switch 215 operated by a ?oat 217 to 
actuate a motor speed controller 219 of anysuitable 
type known tothe art to control the speed of motor 200 
and thus the amount of diluent metered onto the sur 
face 14. We have discovered that the liquid diluent 
which is lost is from approximately 20 to approximately 
40 milliliters per hour at a copying speed of about 40 
copies per minute. The pump 176 is designed to deliver 
liquid at a minimum rate of about 100 milliliters per 
hour. In response to theactuation of the pump piston 
198 by the eccentric 206, pump 176 delivers sufficient 
liquid to the manifold 180 as to maintain the total 
amount of lsopar substantially constant. We achieve 
this by making the holes 182 of such a size that liquid 
normally is retained in the manifold 180 under surface 
tension at the holes. When the pump operates pressure 
of the ?uid fed to the manifold overcomes the effect of 
surface tension and drops of liquid fall into the photo 
conductive surface 14 across the width of the drum 12. 
The liquid supplied to the surface of the drum softens 
the residual toner to facilitate its removal under the 
scrubbing action of the belt 116. The wiper blade 154 
removes the toner and diluent from the surface of the 
belt to permit it to ?ow into the tank 80 from whence 
it flows through tube 86 back to the supply tank 52. 
With this arrangement, cleaning of the belt 116 by a 
serviceman is required at only relatively infrequent in 
tervals. _ 

While the preferred form of our cleaning system in 
corporates a belt 116 which is reciprocated laterally of 
its length as the belt is driven, in FIG. 9 we have shown 
a, possible alternate arrangement in which rollers 210 
and 212 support a belt 214 which may be of the same 
material as is the belt 116. Belt 214 has a width which 
approaches that of the drum vl2 so as effectively to 
clean the entire surface thereof. In this arrangement, as 
in the case of belt 116, the belt 214 is driven in a direc 
tion opposite to the direction of rotation of the drum. 
In this system, the same liquid feeding manifold 180 is 
used to apply liquid developer to the drum surface as 
it approaches the cleaning belt. After leaving the belt 
in a manner to be described, the liquid falls into a tray 
216 from whence it is conducted back to the supply 
tank 52. In the arrangement illustrated in FIG. 9, a 
shaft 220 supports a doctor blade 218 over the belt so 
that the blade engages the belt to remove liquid and 
toner particles from the belt. In order to facilitate pas 
sage of the liquid back to the tray 216, we arrange shaft 
220 at an angle of about 30° to the direction of travel 
of the belt. An arm 222 carried by shaft 220 receives 
one end of a spring 224 to bias the blade 218 into en 
gagement with the belt. 
As an alternative to the doctor blade arrangement 

shown in FIG. 9, we may mount the blade shaft 228 on 
the tank 216 to-cause the blade 226 to engage the belt 
214 at a location at which it is trained around the roll 
212. A spring 232 acting on an arm 230 on shaft 228 
urges the blade into engagement with belt 214. In this 
arrangement, liquid collected by the blade 226 is per 
mitted to pass into the tank 216 through a plurality of 

. holes 234 formed in the blade. A guide portion 236 se 
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cured to the edge of the blade directs liquid back 
toward the tank 216 thus to prevent it from being car 
ried around with the belt. Doctor blades 218 and 226 
as well as guide‘portion 236 may be made from any 
suitable relatively rigid material such as brass sheet. 

In operation of a copying machine provided with our 
cleaning system, in order to make a copy a lamp 18 illu- . 
minates surface 14 to afford an exhaust exposure which 
substantially eliminates any charge remaining on the 
drum. Next, the surface passes a corona 20 which ap 
plies a predetermined electrostatic charge to the sur 
face. After being charged, the surface is exposed 
through the machine optics 22 to an image of the origi 
nal to be copied. The resultant latent image is devel 
oped in tank 24 with tacky toner particles. After devel 
opment the surface may again be exposed to light from 
a source 26 to overcome the effect of any residual 
background charge. Following that. operation, the 
image is brought into contact with paper 28 to which 
the image is transferred as a result of the fact that the 
tacky toner particles have greater affinity for the paper 
than they do for-the photoconductive surface 14. The 
copy paper carrying the developed image is removed 
by takeoff rolls 38 and 40. 
As the surface leaves the takeoff rolls it is ?rst sub 

jected to light from a source 184 to remove any rema 
nent image charge. Any toner deposit which has not 
been transferred has a relatively low optical density so 
that light from the lamp 184 substantially reduces the 
charge to facilitate cleaning. Upon leaving lamp 184, 
clear liquid carrier is applied across the surface from 
the manifold 180 at a rate which is approximately that 
at which carrier liquid is lost from the system by evapo 
ration. This clear diluent softens any residual toner 
deposite on the drum. Next, the surface passes by the 
belt 116 which, as is pointed out hereinabove, is driven 

25 

30 

in a direction opposite to the direction of movement of _ 
the drum surface. Under the scrubbing action provided 
by the belt, the toner particles are removed from the 
drum and carried downwardly toward the tank 80. The 
wiper blade 154 prevents an excessive amount of devel 
oper from being carried back up to the drum surface. 
Operation of the forms of belt illustrated in FIGS. 9 and 
10 will be apparent from the description hereinabove. 

It will be seen that we have accomplished the objects 
of our invention. We have provided a mechanism for 
cleaning the photoconductive surface of an image 
transfer electrostatic copying machine. Our mechanism 
effectively removes any toner deposit remaining on the 
surface after transfer of the image. Our mechanism op 
erates for a relatively long period of time without main 
tenance. It is simple in construction and in operation 
for the result achieved thereby. 

It will be understood that certain features and sub 
combinations are of utility and may be employed with 
out reference to other features and subcombinations. 
This is contemplated by and is within the scope of our 
claims. It is further obvious that various changes may 
be made in details within the scope of our claims with 
out departing from the spirit of our invention. It is, 
therefore, to be understood that our invention is not to 
be limited to the specific details shown and described. 
Having thus described our invention, what we claim 

is: . 

1. An electrophotographic copying machine includ 
ing in combination, a member having a photoconduc 
tive surface, means for forming a latent electrostatic 
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8 
image on said surface, a ?rst reservoir for holding a 
supply of liquid developer comprising tacky toner par 
ticles suspended in a carrier liquid, means including 
said reservoir for developing said image with said de 
veloper liquid, means holding a supply of copy mate 
rial, means for transferring a developed image from 
said surface to said copy material, a cleaning station, 
means for moving said member sequentially to carry 
said surface past said image forming means and said de 
veloping means and said transferring means and said 
cleaning station, an endless belt at said cleaning station 
in contact with said surface, a second reservoir for 
holding a supply of clear carrier liquid, means indepen 
dent of said belt for ?owing clear developer liquid from 
said second reservoir onto said surface in advance of its 
arrival at said belt, means for driving said belt to re 
move residual toner from said surface to which said 
clear liquid has been applied, and means for conduct 
ing said liquid which has been flowed onto said surface 
and toner particles removed from said surface by said 
belt to said first reservoir. 

2. A machine as in claim 1 in which said belt has a 

rough surface. 
3. A machine as in claim 2 in which said member is 

a drum, said machine including means for driving said 
drum, the surface of said belt engaging said drum, and 
means for driving said belt to move the belt surface en 
gaging the drum in a direction opposite to the direction 
of movement of the drum surface engaged thereby. 

4. A machine as in claim 3 in which said cleaning 
means comprises means for constraining said belt to 
engage said drum over an arcuate area. 

5. A machine as in claim 4 in which said belt com 
prises a pile fabric. 

6. A machine as in claim 1 in which said applying 
means comprises means for metering said clear carrier 
liquid onto said surface at a predetermined rate. 

7. A machine as in claim 6 in which said metering 
means comprises a manifold extending across said sur 
face, said manifold having openings adjacent to said 
surface, and means for supplying clear carrier liquid to 
said manifold. ' 

8. A machine as in claim 7 in which the size of said 
openings is such that carrier liquid normally is held 
therein by surface tension, said manifold supplying 
means comprising a pump adapted to be actuated to 
force liquid into said manifold to overcome said surface 
tension and means for periodically actuating said 
pump. 

9. A machine as in claim 8 in which said pump is a 
positive displacement pump. 

10. An electrophotographic copying machine includ 
ing in combination, a member having a photoconduc 
tive surface, means for producing a latent electrostatic 
image extending over an area of said surface, means for 
driving said member in a certain direction to move said 
area successively past a developing station and and an 
image transfer station and a cleaning station, a first res 
ervoir for holding a supply of liquid developer compris 
ing tacky toner particles suspended in a diluent liquid, 
means for maintaining a suspension of said toner parti 
cles in said diluent liquid in said reservoir, means at 
said developing station for applying liquid developer 
from said first reservoir to said surface to develop said 
image, means at said image transfer station for transfer 
ring the developed image to copy material, an endless 
cleaning belt, means mounting said belt at said cleaning 
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station with a portion thereof in engagement with said 
surface,’ meansfor driving said endless belt to move 
said portion thereof in a relative direction opposite to 
the direction of movement of said member surface, a 
second reservoir for holding a supply of clear diluent 
liquid, and means independent of said belt and located 
between said transfer station and said cleaning station 
for ?owing clear diluent liquid from said second reser 
voir onto said surface area from which an image has 
been transferred in advance of the arrival of said area 
at said cleaning station. 

11. A machine as in claim 10 including a source of 
illumination disposed between said transfer station and 
said cleaning station to reduce the remanent image 
charge to facilitate cleaning. 

12. A machine as in claim 10 including a doctor 
blade in engagement with the surface of said belt. 

13. A machine as in claim 10 including means for re 
ciprocating said belt in a direction transversely of its 
length. 

14. An electrophotographic copying machine includ 
ing in combination, a member having a photoconduc 
tive surface, means for producing a latent electrostatic 
image extending over an area of said surface, means for 
driving said member in a certain direction to move said 
area successively past a developing station and an 
image transfer station and a cleaning station, means at 
said developing station for applying liquid developer 
comprising toner particles and a diluent to said surface 
to develop said image, means for holding a supply of 
said liquid developer, measn for feeding developer 
from said supply to said developer applying means, 
means at said image transfer station for tranferring the 
developed image to copy material, means at said clean 
ing station for applying clear diluent to said surface, a 
cleaning belt, means mounting said belt at said cleaning 
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10 
station with a portion thereof in engagement with said 
surface, means for driving said belt to move said por 
tion thereof in a direction relatively opposite to the di 
rection of movement of said member surface, means 
for collecting diluent fed to said surface and toner par 
ticles removed from said surface at said cleaning sta 
tion and means for directing collected diluent and 
toner to said developer supply. 

15. A machine as in claim 14 in which said collecting 
means comprises a tray, a doctor blade and means 
mounting said blade adjacent to said belt with the 
length thereof at an angle to the belt length to cause liq 
uid collected thereby to flow along the blade toward 
the tray. 

16. A machine as in claim 14 in which said collecting 
means comprises a tray, a doctor blade, means mount 
ing said blade on said tray adjacent to said belt, said 
blade being provided with holes to permit liquid col 
lected by the blade to pass therethrough, and a guide 
for directing liquid passing through said holes to said 
tray. 

17. A machine as in claim 14 in which said diluent 
applying means applies diluent to said surface at ap 
proximately the rate at which it is lost from said ma 
chine. ’ 

18. A machine as in claim 14 in which said diluent 
applying means comprises a manifold extending across 
said surface, said manifold being formed with holes 
opening toward said surface, the size of said holes being 
such as normally to hold said diluent therein by surface 
tension, a pump for supplying diluent to said manifold 
and means for driving said pump to supply diluent to 
said manifold to overcome the effect of said surface 
tension. 

* * * * * 
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