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ABSTRACT OF THE DISCLOSURE 

Apparatus useful in electrostatic printing systems to 
apply liquid toner to a paper for developing an image, 
comprising an applicator chamber having a slot extend 
ing across the width of the paper and a divider plate with 
in the chamber directing the flow of liquid toner past the 
slot. The apparatus also includes a flat air bearing on 
the side of the paper opposite the chamber slot to push 
the paper against the slot, and a vacuum cleaning system 
for removing excess toner positioned near the point of 
contact of a capstan. 

BACKGROUND OF THE INVENTION 
This invention relates to an electrostatic image devel 

oping system and more particularly to improvements 
therein. 
An electrostatic printing system usually comprises a 

transducer which can deposit a latent charge image on 
a suitable web such as zinc oxide-coated paper. Where 
developers of the type utilizing a liquid vehicle with par 
ticles in suspension are employed, the web is passed be 
tween applicator rollers or a pet fountain to apply the 
developer thereto, and is then passed by a blade or 
roller squeegee for removing the excess developer. It has 
generally been found difficult to remove and recover the 
excess developer sufficiently well to permit rapid drying 
of the remainder without smearing. Furthermore, the 
large physical size of the apparatus resulted in long 
lengths of web extending between the station where 
charges were deposited and the station where the web 
emerged and could be viewed, thus delaying the view 
ing of the copy and requiring long blank leaders between 
copies. Some improved developing systems have been em 
ployed, such as one wherein the developer, or liquid 
toner, is passed through a tube extending across the 
width of the web, and having a slot through which toner 
is applied to the web. However, it has been found that 
in such systems the liquid toner becomes depleted of 
toner particles as it moves down the tube, and develop 
ing is not uniform throughout the width of the web. Fur 
thermore, excess toner is still deposited on the web, par 
ticularly in high speed operation, and this results in 
smeared copies. 

Accordingly, an important object of the invention is 
to provide an electrostatic image developing apparatus 
which provides uniform developing even during high 
speed operation. 
Another object of the invention is to provide an elec 

trostatic image developing apparatus of Small physical 
size to enable immediate viewing of the copy and elimi 
nate long blank leaders between copies. 
A further object is to provide an apparatus to enable 

use in mobile applications, and which creates a mini 
mum of excess evaporation to reduce noxious fumes. 

SUMMARY OF THE INVENTION 

The present invention provides an image developing 
apparatus for applying liquid toner to a web, which may 
be a strip of paper, comprising a container with a nar 
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row slot extending across the width of the web. The con 
tainer includes a divider plate dividing the inside thereof 
into an inlet chamber for receiving liquid toner and an 
outlet chamber through which liquid toner not deposited 
on the web is removed. The only direct connection be 
tween the two chambers is around an edge of the divider 
plate located adjacent to the slot in the container. A 
circulating pump continuously draws liquid toner out of 
the outlet chamber so that a high speed flow of toner 
occurs around the edge of the divider plate, and there 
fore past the slot in the chamber, to assure sufficient 
fresh toner for development of the electrostatic image 
even at high web speeds. The inlet and outlet chambers 
also assure that the flow of toner around the edge of 
the divider plate is relatively uniform throughout the 
length of the slot, so that the web is uniformly developed 
along its width. The suction applied to the outlet cham 
ber helps to assure that a vacuum is maintained at the 
slot, to help draw the web against the slot. 

In addition to the container which applies liquid toner 
to the web, the apparatus includes a flat air bearing dis 
posed against the web on a side thereof opposite the slot 
in the container. The bearing continuously ejects air which 
pushes the web against the slot in the container with 
uniform pressure along the entire width of the web. The 
web is moved by a capstan and pinch roller combination. 
To remove excess toner, a vacuum cleaner is positioned 
adjacent to the nip of the capstan (the area where the 
capstan contacts the web), inasmuch as it has been found 
that excess toner accumulates at the nip. 
A more complete understanding of the invention may 

be had by considering the following specification and 
claims taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGURE 1 is a simplified schematic diagram of an elec 

trostatic printing system; 
FIGURE 2 is a perspective view of an image develop 

ing station constructed in accordance with the invention; 
FIGURE 3 is a side sectional view of an applicator of 

the apparatus of FIGURE 2; 
FIGURE 4 is an enlarged, partial view of the applica 

f FIGURE 3, showing the portion adjacent to the 
web; 
FIGURE 5 is a perspective view of the air bearing of 

the apparatus of FIGURE 2: 
FIGURE 6 is a side elevation view of the vacuum 

cleaner portion of the apparatus of FIGURE 2; and 
FIGURE 7 is a perspective view of a vacuum cleaner 

System constructed in accordance with another embodi 
ment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIGURE 1 is a schematic diagram of an electrostatic 
printing system which utilizes a toner applicator apparatus 
of the present invention. A moving web 10, which may be 
paper, is passed through an electrostatic image transducer 
12. Thereafter, the web 10 is passed through an image de 
veloping station 14 and an image fixing station 16, and 
Subsequently through cutting apparatus or to a take-up 
roll. 
The electrostatic image transducer 12 can be any of 

Several which have been developed, such as the one shown 
in Patent No. 3,060,423 or Patent No. 2,955,894. Alter 
natively, the electrostatic image transducer may be a 
Selenium drum on which a latent charge image has been 
deposited which transfers this latent charge image to the 
Web. The image developing station 14 represents apparatus 
which applies the toner to the latent image for developing 
it, and which may include apparatus for removing excess 
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toner. The image fixing station 16 represents apparatus for 
fixing the toner to the web by a drying process. 
FIGURE 2 illustrates an image developing arrangement 

in accordance with the invention. The apparatus comprises 
a reservoir 18 that contains the liquid toner or developer 
which may include a liquid carrier containing fine par 
ticles that form the printing on the web, in applicator 20 
for applying the liquid toner to the web 22, an air bearing 
24 for facilitating contact of the web with the applicator, 
a capstan 26 and pinch roller 28 for driving the web, and a 
vacuum cleaner 30 for removing excess toner from the 
web. The reservoir 18 is connected through an inlet tube 
32 to one side of the applicator 20 to carry liquid toner 
thereto. The applicator 20 is connected back to the reser 
voir 18 through an outlet tube 34, to enable constant 
circulation of liquid toner between the reservoir and ap 
plicator. A circulating pump 36 draws liquid toner from the 
applicator 20 and pumps it to the reservoir 18 to maintain 
a constant circulation of liquid toner through the applica 
tor. The applicator has a lower end 38 which is located 
adjacent to the web 22 for applying liquid toner thereto. 
The air bearing 24 has a narrow slot 78 facing the web 22 
for supplying pressured air, received through an inlet 40, 
to form a thin cushion of air pushing the web 22 against 
the lower end 38 of the applicator. 

After the web 22 has passed between the applicator 20 
and air bearing 24, it passes between the capstan 26 and 
pinch roller 28. The capstan and pinch roller serve to drive 
the web 22, and additionally squeeze the toner on the web. 
It has been found that liquid with toner suspended in it 
accumulates on the side of the capstan 26 opposite the ap 
plicator 20, this area often being referred to as the nip. The 
vacuum cleaner 30 gathers the excess toner which accumu 
lates at the nip, to provide a clean web. 
FIGURE 3 is a more detailed view of the applicator 20 

and air bearing 24. The applicator comprises a trough 
shaped container having side walls 42 and 46 and a cover 
48. A divider plate 50 has an upper end 52 attached to the 
cover 48 by blocks 54. The area between the divider plate 
50 and side wall 46 forms an inlet chamber 62 for receiv 
ing liquid toner, and the area between the divider plate 50 
and side wall 42 forms an outlet chamber 64, from which 
liquid toner is removed. The side walls 42 and 46 are posi 
tioned to form a trough or V-shape with the tip of the 
converging walls, or lower portions 56 forming a slot 58. 
The lower edge 60 of the divider plate 50 extends to an 
area close to the slot 58, so that the only direct connec 
tion between the inlet chamber 62 and outlet chamber 64 
is around the lower edge 60. The area below the level of 
the edge 60 of the divider plate may be considered as a 
transition means interposed between the inlet and outlet 
chambers having a slot for applying, or directing a portion 
at the fluid received from the inlet chamber to the web 
and for passing the rest of the fluid to the outlet chamber. 

Developing liquid, generally in the form of a liquid 
toner comprising particles suspended in a carrier liquid, 
enters the applicator 20 through an inlet 66, and fills the 
inlet chamber 62. The liquid toner 68 then flows down to 
the lower portion 56 of the applicator and to the slot 58. 
Most of the liquid passes around the lower edge 60 of the 
divider plate and into the outlet chamber, and from thence 
flows out of the applicator through an outlet 70. The cir 
culating pump connected to the outlet 70 supplies a suc 
tion or partial pressure, which draws the liquid toner out 
of the outlet chamber 64, thereby drawing toner from 
the inlet chamber 62 around the lower edge of the divider 
plate. Some of the liquid toner flows out of the slot 58 onto 
the web 22, to develop the electrostatic image thereon. 
The web 22 is held adjacent to the slot 58 partially by 

reason of the suction applied at the outlet 70 of the ap 
plicator. Holding the web 22 against the slot 58 is neces 
sary to prevent the flow of excessive toner therefrom onto 
the web. Further aid in maintaining the web. 22 adjacent 
to the slot 58 is provided by the air bearing 24. The air 
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4. 
bearing 24, which is located on a side of the web 22 op 
posite the applicator, includes an inlet nozzle 72 through 
which air is pumped into an air chamber 74. A top plate 
76 has a narrow air slot 78 formed therein through which 
compressed air emerges. The air flowing through the slot 
78 forms a thin cushion of air between the top plate 76 
and the lower surface of the web 22 to minimize friction 
between them and to assure that a uniform pressure is 
applied to the web across its entire width. The air bear 
ing is supported on springs 80 which rest on a base 82. The 
springs are compressed so that the top plate 76, in con 
junction with the air cushion, acts to push the Web 22 
upwardly against the applicator slot 58. Rods 84 attached 
to the air bearing help to align the springs. 
FIGURE 5 is a perspective view of the air bearing 24, 

showing the extension of the slot 78 across the width of 
the web. The slot 78 has a width slightly smaller than 
that of the web 22 to reduce air leakage out of the sides 
of the web. 
FIGURE 4 is an enlarged view of the area of the ap 

plicator adjacent to the web 22. The application of toner 
68 to the web occurs by reason of the passage of the toner 
around the lower edge 60 of the divider plate from the 
inlet chamber 62 to the outlet chamber 64. Some of the 
toner flows onto the web 22 to develop the image thereon. 
The passage of liquid toner 68 around the lower edge of 
the divider plate entails flow at high speeds and with sharp 
changes in direction of flow. This results in the bringing of 
large quantities of the liquid toner adjacent to the Web 
22, so that the liquid in contact with the web has a high 
concentration of toner particles suspended in the carrier 
liquid, and even if considerable quantities of the particles 
are attracted to the electrostatically charged web 22 out 
of the carrier liquid, the supply is constantly replenished. 
The rapid change in direction of the liquid toner 68 
between passage downwardly in the inlet chamber 62 and 
passage upwardly into the outlet chamber 64 results in the 
creation of centrifugal forces. These forces tend to throw 
the particles suspended in the carrier liquid down against 
the web 22 to further assure that large quantities of toner 
particles will be applied thereto. The replenishment of 
particles and the centrifugal forces pushing particles 
against the web helps to assure full developing even if 
the web 22 moves past the slot 58 at high speeds. 
The shape of the lower edges of the side walls 46 and 

42 are of importance in assuring good toner flow onto the 
web 22, while preventing excessive flow. Inserts 86 and 88 
attached to the lower portions of the side walls 42 and 
46, respectively, have accurately shaped edges for this 
purpose. A space exists between the tips of the walls form 
ing the toner slot 58 and the web 22, and a meniscus 90 
of liquid toner occupies the space by reason of capillary 
action. The surface tension forming the meniscus helps 
to maintain a seal which prevents uncontrolled flow of 
liquid toner 68 onto the web 22. The integrity of the 
meniscus 90 is aided by providing a curvature on the 
downstream edge 92 (downstream with respect to web 
motion) of the toner slot walls. The shape of the upstream 
edge 94 of the slot walls can be similarly shaped, or can 
be provided with a simple bevelled edge whose extreme 
tip is flattened. 
The proper spacing of the lower edge 69 of the divider 

plate from the edges of the toner slot 58, these being the 
upstream and downstream edges 94 and 92, is important 
in assuring good flow. If the distance D is very small, in 
sufficient fluid will pass around the divider plate and into 
the outlet chamber 64; as a result, either excessive fluid 
will flow onto the web 22 or the toner particles will be 
rapidly depleted from the liquid, and in any case it is 
difficult to control the amount of fluid flowing onto the 
Web 22. Even if the distance D is somewhat small, ade 
quate flow of liquid toner around the divider plate re 
quires high suction at the outlet chamber 64, and the di 
vider plate 50 has a tendency to bend toward the outlet 
chamber 64 under the excessive differential pressures. A 
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separation D of the lower edge of the divider plate 50 
from the extreme outer edge of the toner slot walls ap 
proximately equal to the width of the toner slot 58 has 
been found to provide well controlled and adequate liquid 
toner flow. 

In the operation of the applicator 20, the two chambers 
62 and 64 are generally completely filled with liquid toner. 
The outlet chamber 64 is at relatively low pressure, while 
the inlet chamber 62 is at a higher pressure, which, howe 
ever, is lower than atmospheric pressure. Although the 
vacuum and liquid toner supplies are connected only at 
the relatively small outlet 70 and inlet 66, the chambers 
assure equalization of pressures throughout the entire 
length of the trough-shaped applicator, to assure uniform 
application of liquid toner to the web 22 across its entire 
width. 
When the web 22 leaves the applicator 20, it passes 

between a capstan 26 and pinch roller 28, shown more 
clearly in FIGURE 6. The capstan and pinch roller move 
the web 22 along its length. It has been found that in high 
speed operation an excess of carrier liquid and toner par 
ticles therein may be carried along on the web. When this 
condition occures, the toner particles tend to float on the 
surface of the liquid and are not attracted to the charged 
areas on the web. When the web passes between the cap 
stan and pinch rollers 26 and 28, most of the excess liquid 
and toner particles are removed therefrom, and retained in 
the nip 96. The nip 96 is herein referred to as the area 
adjacent to the roller which contacts the imaged side of 
the web, and which is located on the downstream side 
of that roller or, in other words, the side wherein the 
web is passing away from the rollers. 

In FIGURE 6, the capstan 26 is in contact with the 
imaged side 23 of the web. As the web 22 passes through 
this nip, the image areas are brought into contact with 
many toner particles which gather there at high speed 
operation and the image areas are thereby further devel 
oped. However, excessive accumulation of toner in the nip 
must be prevented to insure uniform operation. In ac 
cordance with the present invention, a vacuum cleaner 30 
is provided to gather up excess liquid toner at the nip. 
The vacuum cleaner comprises a tube 98 attached to a 
cleaner head 100, the head having a slot opening which 
is directed at, or located adjacent to, the nip 96, along 
the entire width of the web. 22. The vacuum cleaner al 
lows small amounts of the liquid toner to remain in the 
nip, while drawing off excessive amounts that would oth 
erwise blot the web. 
Toner applicator apparatus has been constructed in ac 

cordance with the foregoing, for developing electrostatic 
images at various speeds of the web, including relatively 
high speeds. Applicators of the type shown in detail in 
FIGURES 3 and 4 have been constructed in various con 
figurations. An applicator with toner slot 58 of 0.050 inch 
width has been constructed, and the divider plate 50 has 
been located with its lower edge 60 at various distances 
D from the tip of the toner slot walls. With a divider edge 
spacing D of 0.015 inch, good liquid toner flow has been 
achieved, but difficulty has been experienced in keeping 
the divider 50 straight, inasmuch as large pressure differ 
entials were required to move sufficient quantities of liquid 
toner. A lower edge spacing D of 0.050 inch has been 
found to provide good liquid toner application, as oc 
curred for the 0.015 inch spacing, throughout the length of 
the slot, yet without giving rise to substantial difficulties 
in maintaining the position of the divider plate 50 against 
bending forces. Various configurations of the downstream 
edge 92 of the toner slot opening have been tested. Rea 
sonably good results have been achieved with a plain be 
velled edge, ending in an approximately 100 inch wide 
fiat end. However, with the convexly curved end shown in 
FIGURE 4, controlled toner application at higher speeds 
was obtained than with the straight bevelled edge. The air 
bearing 24 was found to function well with a slot 78 of 
six-thousands inch width. 
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6 
Image developing apparatus constructed in accordance 

with the above has been operated utilizing a suction pres 
sure at the outlet 70 of the applicator 20 of approximately 
10 inches water pressure (and a reservoir 18 at atmos 
pheric pressure), providing a flow rate of approximately 
1680 millilitres per minute, for a web of 234 inches width. 
The air bearing 24 was supplied with air pressures of be 
tween 2 and 4 pounds per square inch. It was found that 
good toner application was achieved for web speeds in ex 
cess of 30 inches per second. This may be compared with 
prior art systems which have been tested under similar 
conditions and wherein excessive toner flowed out at web 
speeds greater than approximately 10 inches per second. 
Even at speeds less than 10 inches per second in prior sys 
tems tested, developing was not uniform throughout the 
width of the web. 
The vacuum cleaner head 100 shown in FIGURE 6 

provides suction along the entire width of the web 22, but 
is difficult to position close to the nip and complicates 
threading of the web in the machinery. Another cleaner 
head shown in FIGURE 7 utilizes two tubes 102 and 104 
disposed on either side of the capstan and pinch rollers 
106 and 108 and facing the nip formed between them. 
The tubes 102 and 104, which are connected to a vacuum 
source, draw off excessive toner without interferring with 
the web 110 and are efficient, especially in the case of 
webs which are not excessively wide. The ends of the 
tubes should be placed very close to the ends of the rollers 
to maximize their efficiency. 

I claim: 
1. Apparatus for applying liquid toner to an electro 

statically charged web comprising: 
a container having converging walls forming a converg 

ing portion; 
divider plate means disposed in said container for divid 

ing said converging portion into a converging inlet 
and converging outlet; and 

walls defining an elongated slot in said container at the 
tip of said converging portion; 

said divider plate means extending to an area spaced 
from said tip in a direction away from said web a 
distance no more than several times the width of 
said slot. 

2. Apparatus as defined in claim 1 wherein: 
said spacing of said end of said divider plate means 
from said tip is approximately equal to the width 
of said slot. 

3. Apparatus as defined in claim 1 including: 
means for moving a web past said slot; and wherein 
the external surface of one wall of said tip of said con 

tainer disposed downstream from the other tip with 
respect to movement of said web, is convexly curved 
for encouraging the maintenance of a meniscus fluid 
area between it and said web. 

4. Apparatus as defined in claim 1 wherein: 
said slot is approximately 0.050 inch wide along a 

majority of its length and the spacing between the 
end of said divider plate means and said tip is ap 
proximately 0.050 inch. 

5. Apparatus as defined in claim 1 including: 
an air bearing means disposed opposite said slot and 

having an air slot extending substantially parallel to 
said slot in said container and substantially aligned 
therewith, for blowing air to push a web against said 
slot in said container. 

6. Apparatus as defined in claim 5 including: 
spring means disposed against said air bearing means 

for biasing said air bearing means toward said con 
tainer. 

7. Apparatus for applying a liquid toner to an electro 
statically charged web comprising: 

a trough-shaped container having a lower portion of 
substantially V-shaped cross-section, disposed with 
its bottom adjacent to said Web; 
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a divider plate within said container dividing the inside 
of said container into an inlet chamber and an outlet 
chamber, both having a lower portion of V-shaped 
cross-section; 

an inlet connected to said inlet chamber for receiving 
said liquid toner; and 

an outlet connected to said outlet chamber for dis 
charging said liquid toner; 

said bottom of said container defining an elongated 
slot extending across said web; 

said divider plate extending to an area close to said 
slot but spaced further from said web than the walls 
of said slot for confining flow of liquid toner be 
tween said inlet chamber and outlet chamber to an 
area passing across said slot. 

8. Apparatus as defined in claim 7 including: 
a pump connected to said outlet for drawing fluid 

therefrom, to provide a partial pressure less than at 
mospheric pressure in said outlet chamber. 

9. Apparatus as defined in claim 7 wherein: 
the spacing of the edge of said divider plate at said area 

close to said slot, from said slot opening is of Sub 
stantially the same magnitude as the width of Said 
slot. 

10. Apparatus as defined in claim 7 wherein: 
the outer portion of at least one wall of said slot has 

a convex curvature to encourage the maintenance of 
a liquid seal between said wall and said web. 

11. Applicator apparatus for applying a fluid to a web 
moving relative thereto comprising: 

walls forming a chamber, said walls having an inlet 
opening for permitting fluid to enter said chamber 
and an outlet opening for permitting the discharge 
of said fluid, said chamber having a substantially V 
shape with the tip of the V adjacent to said web; 
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said chamber having a slot opening at said tip with the 

wall ends at said slot opening substantially in the 
plane of the web, and having wall means spaced from 
said slot to enable at least a portion of said fluid to 
move between said inlet and outlet openings without 
intermediate deposition on said web. 

12. The applicator apparatus described in claim 11 
wherein: 

the tip portion of said V-shaped chamber defines an 
acute angle. 

13. The applicator apparatus described in claim 11 
including: 

means disposed opposite said slot opening for pressing 
said web toward said slot. 
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