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1. 

DEVELOPMENTAPPARATUSFOR 
ELECTROPHOTOGRAPHC COPES 

This invention relates to an apparatus for developing elec 
trophotographic copies with the aid of a liquid, of a kind 
which is provided with a liquid reservoir, a passage through 
said reservoir for submerging and passing copies to be 
developed therethrough, a developing electrode positioned 
below the level of the liquid and being curved and provided 
with openings, the convex side of said electrode bordering the 
such passage to one side, said apparatus being further pro 
vided with means for displacing the liquid in order to urge 
developing liquid from the concave side of the developing 
electrode through the said openings. 
Apparatus of this kind is known, for instance from U.S. Pat. 

No. 3,245,330 and from Dutch patent application 67,02972. 
In such known apparatus the developing liquid is circulated by 
a pump so that the liquid is pressed from a distributing tube 
through openings in the developing electrode and is thus 
sprayed onto and into contact with the copies to be developed, 
which pass the electrode. The pressure exerted by the liquid 
keeps the passing copy material free from contact with the 
electrode and pushes it against guide means forming the op 
posite side of the passage and positioned at a short distance 
from said electrode. Thus direct contact between the copy 
material and the electrode, which could harm the formation of 
the image, is prevented Moreover, the copy material is always 
at a short distance from the electrode, which is favorable for 
the operation of said electrode. The circulation of the liquid 
also assures that the liquid layer in contact with the copy 
material always contains a sufficient quantity of color particles 
notwithstanding the fact that color particles are deposited 
from said liquid onto the copy material. 
Such known devices are rather complicated, for instance by 

the necessary duct system etc. and by the fact that they have 
to be provided with a powerful pump (for instance having a 
capacity of 6 liters per minute) in order to obtain correctly 
developed copies at relatively low speeds of passage of the 
copy material (for instance of 5m per minute), so that copies 
having dark image parts and a clear background are obtained 
without objectionable edge effects. 
The purpose of the present invention is to provide an ap 

paratus of the kind outlined above which is simpler in struc 
ture and which gives good results even at very high speeds of 
passage of the copy material (for instance of 30 m per 
minute). 
According to the invention, in an apparatus of that kind the 

developing electrode is constituted by the peripheral wall, or 
jacket, a hollow rotating cylinder and the liquid displacement 
means consist of blades rigidly connected to the concave side 
of the jacket. It results that by rotation of the developing elec 
trode at a low energy consumption a very intensive and 
uniform flow of developing liquid through the passage and 
along the copy material passing therethrough is obtained. The 
blades press the liquid forcibly through the openings in the 
electrode so that contact between the copy material and the 
electrode is prevented. The direction of rotation of the elec 
trode may be opposite to the direction of movement of the 
copy material, but it is also possible to have these directions 
the same, in which case the electrode should rotate at a speed 
which at the periphery is higher than the speed of passage of 
the copy material. It is easy to determine by experiment what 
the rotational speed of the electrode should be, depending 
upon the diameter of the electrode cylinder, the number and 
size of openings therein and the pattern in which such 
openings are provided in the electrode, the shape of the 
blades, etc. 

It is known in developing apparatus for electro-photo 
graphic copies to provide an impeller below the level of the 
liquid, for instance as shown in U.S. Pat. No. 3,388,688, or to 
pump the liquid by force in the longitudinal direction through 
the passage, as is shown in U.S. Pat. No. 3,377,988. 
The following may serve to further explain the invention. 
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2 
electrostatically charged color particles in dispersion. The 
developing electrode serves, as known, for suppressing the 
edge effect for image parts of larger area and increases, also 
for thin image lines, the electric field strength of the electric 
charge image. The circulation of the liquid particularly serves 
for refreshing the liquid zone in contact with the copies, so 
that always a sufficient quantity of color particles is applied to 
said zone notwithstanding the fact that color particles are 
deposited from this zone upon the copies. 
The invention will now be explained in further detail by way 

of example with reference to the accompanying drawing. 
IN THISDRAWING 

FIG. 1 is a diagrammatic vertical section through an ap 
paratus according to this invention; 

FIGS. 2 and 3 are perspective views of end parts of develop 
ing electrodes according to the invention, in two different em 
bodiments; and 

FIG. 4 is a diagrammatic section perpendicular to the axis of 
the electrode according to FIG.3. 

In FIG. 1 reference numeral 1 indicates a liquid reservoir 
filled with developing liquid to level 2. The copy material to be 
developed is guided through this bath along a path indicated 
by arrows, with the aid of rollers 3 and 4 feeding the copies to 
the bath. The copies are supported in and guided through the 
bath by the guide wires, strips or the like, indicated by 7 and 
thereafter are discharged with the aid of the rollers 8 and 9 
which also press a superfluous quantity of liquid from the copy 
materialso that this liquid falls back into the bath. 

In the space within the guide means 7 a developing elec 
trode is positioned which is formed by a hollow metal cylinder 
10 provided with a large number of openings 11. Within the 
jacket of said cylinder 10 there are blades 12 which at their 
outer ends are connected to said jacket and at their inner ends 
are connected to a shaft 13 which is rotatably supported by 
means (not shown) in the walls of the reservoir 1. Thus the 
jacket, the blades 12 and the shaft 13 of the cylinder form an 
integral structure. Shaft 13 is, in a manner not shown, con 
nected to drive means so that the electrode can be rotated 
thereby. 
Upon rotation of the electrode the blades 12 displace the 

liquid present within the cylinder 10 so that this liquid is 
pressed out through the openings 11. Thereby in the passage 
between the guide means 7 and the cylinder 10 a forceful and 
uniform flow of liquid is obtained, which moves over the 
image side of the copy material being passed therethrough. 
The impulse of this flow presses the copy material against and 
into contact with the guide means 7, so that direct contact 
between the image side of the copy material and the electrode 
is avoided, and nevertheless said image side is always very 
close to said electrode (for instance at a distance of 0.5 to 1 
mm), so that the developing electrode is allowed to operate 
very effectively. In order to prevent the openings in the elec 
trode from causing irregular degrees of development of the 
copies, the electrode is rotated at a much higher speed than 
the linear speed of the copy material; for instance, the 
peripheral speed of the electrode is 4 to 10 times higher than 
the linear speed of the copy material; or the electrode can be 
driven in a direction opposite to the direction of movement of 
the copy material. 
The liquid being discharged from the rotating electrode 10 

outside the developing zone is captured by a shield 14, which 
prevents the copy material entering the device from being 
pushed too much against the guide means 7 or being pushed 
away at its front edge so far to the left in FIG. that it will not 
reach the guide means 7 in the correct position. Part 15 of 
shield 14 together with guide means 7 forms a passage for the 
copy material moving out of the bath in the direction of the 
rollers 8 and 9. 
By the operation of the blades 12 the liquid in the reservoir 

is circulated forcefully, and through the open end faces of 
cylinder 10 fresh liquid is allowed to enter easily into the elec 

The developing liquid is electrically insulating and contains 75 trode. One end of such an electrode is shown in FIG.2. 
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Instead of such an open end electrode, it is possible to use 
on electrodes as shown in FIGS. 3 and 4, in which the elec 
trode cylinder has closures on its ends and is provided with a 
hollow shaft provided with openings within the cylinder 
between the blades with openings, said hollow shaft being, by 
suitable means not shown, in communication with the main 
quantity of liquid in the reservoir 1, e.g., by making the reser 
voir 1 larger than the cylinder in the direction of the axis of the 
cylinder and providing the shaft with suitable openings in the 
reservoir outside the cylinder. As seen in FIGS. 3 and 4, 
covers 16 close the ends of the cylinder 10a and there is a hol 
low shaft 17 which between the blades 12a is provided with 
openings 18. In particular when the electrode rotates at high 
speeds (for instance of 200 revolutions per minute) such a 
structure gives a very good pumping action. 

Instead of discrete perforations, e.g., of circular shape, as 
indicated in FIG. 1, the electrode may be provided with lon 
gitudinal slot-like openings 19 in the jacket as shown in FIG.2. 

In an attractive and advantageous embodiment of an elec 
trode according to this invention a jacket is formed as shown 
in FIGS. 3 and 4 by arcuate outer end parts 20 of blades 12a 
and the openings in the jacket are slots 19a, left open between 
the terminal edges of said end parts and the adjacent blades. 
The electrode may be built up in different ways. It can con 

sist of sheet metal parts connected mutually by welding, braz 
ing, soldering or similar means (FIG. 1). It is also possible to 
make the electrode as a single body (FIG. 4), for instance 
from an extruded profile. It is also possible to build up the 
electrode of FIG. 4 from eight extruded profiles, each includ 
ing as a U-shaped body one blade, one arcuate inner leg and 
one arcuate outer leg, which profiles are connected together 
while leaving open slots 18 and 19 between free edges of their 
respective legs and the respective blade portions of adjacent 
profiles. 

I claim: 
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4. 
1. An apparatus for liquid developing of electrophoto 

graphic copies, provided with a liquid reservoir, a passageway 
through said reservoir for submerging and passing copies to be 
developed therethrough, a developing electrode positioned in 
said reservoir below the level of the liquid and being curved 
and provided with openings, the convex side of said electrode 
bordering the said passageway at one side thereof, said ap 
paratus being provided with liquid displacing means which 
press the developing liquid from the concave side of the 
developing electrode through the said openings, characterized 
in that said developing electrode is the peripheral wall of a 
hollow rotating cylinder and said liquid displacing means in 
clude blades disposed inside and at an angle to the concave 
side of said wall. 

2. An apparatus according to claim 1, said wall being 
formed by arcuate outer end portions of said blades and said 
openings being slots provided between free terminal edges of 
said end portions and the adjacent blades. 

3. An apparatus according to claim 2, said cylinder being 
built up of extruded profile sections in a number equal to the 
number of said blades and slots, each profile section being 
substantially U-shaped and comprising a central part forming 
a blade, an inner leg forming a shaft part and an outer leg 
forming part of said peripheral wall, there being a slot between 
a free edge of each leg of each profile section and the central 
part of an adjacent profile section. 

4. An apparatus according to claim 1, said electrode 
cylinder having closures on its ends and having a hollow shaft 
passing through at least one of said closures, said blades being 
connected to said shaft, and said shaft being provided with 
openings therethrough in regions thereof between said blades, 
at least one end of said shaft protruding outside the electrode 
cylinder and opening into the liquid containing space of said 
reservoir for communication with the liquid therein. 
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