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This invention relates to improved methods of electro~ 
static screen printing and more particularly to electro 
static screen printing of articles made of highly insulating 
materials. “ 

In a previously known method of electrostatic printing, 
a direct current high voltage power supply is connected 
between a stencil-supporting electrically conductive screen 
and a co-extensive conductive sheet, which are arranged 
essentially parallel to each other, to establish and main 
tain an electric ?eld between the screen and the sheet. 
A ?nely divided, low melting temperature, pigmented or 
dyed, electrically insulating, solid material known as toner 
is then applied to the exposed side of the screen, gener 
ally from a roller of a type similar to that used for paint 
ing. The toner becomes electrically charged while passing 
through unblocked apertures in the screen. The toner 
experiences a force, due to the electric ?eld between the 
screen and sheet, which accelerates the toner until it is 
intercepted by the surface being printed. When a suffi 
cient amount of toner has been deposited in this manner, 
the object may be removed from its location near the 
screen. The electrical charge on the toner tends to bind 
it to the surface on which it is deposited. Heating or ex 
posure to vapor of a solvent for the toner may then per 
manently bond the toner to the surface. 
The electrical functions that are accomplished by the 

power supply, screen and sheet, are of particular interest. 
The screen and sheet, when arranged for printing, essen 
tially constitute a parallelaplate capacitor. When the 
power supply is connected between the two, the capacitor 
becomes charged. As the toner is pushed through the 
unblocked screen apertures by the roller, some of the 
charge on the screen ?ows onto the toner particles, and, 
as they are carried to the surface being printed, addi 
tional charge flows onto the screen. Thus, the power 
supply provides the electrical charge for the toner. Then, 
the electric ?eld accelerates the charged toner across the 
separation between the screen and the object to be printed 
upon. As the charged toner accumulates on the surface 

‘ being printed, an electrical repulsion is established which 
tends to prevent additional deposition. If the object is 

‘ sui?ciently conductive, it may be connected to the con 
ductive sheet and accumulation of an electrical charge 
will be avoided. In this event, electrical conduction be 
tween the power supply and object permits formation of 
a surface charging on the object, in the vicinity of, and 
of opposite polarity to the charge of the toner. This 
charging tends to neutralize the ?eld of the toner. Thus, 
the power supply is providing charge to the object being 
printed. If the object is not sufficiently conductive to 
permit this type of operation, the best one can do is to 
establish such an intense ?eld between the screen and 
conductive sheet that it is always large compared to that 
associated with a printed image. Although this can result 
in the printing of a good image, the image may not be 
stable when removed from the electric ?eld. Frequently 
such images will be so unstable that considerable amounts 
of toner will be ejected from the surface of the printed 
objects before the images can be fused. 

This previously known form of electrostatic screen 
printing is particularly well suited to the printing of sheet 
materials in either a planar form or arranged into a 
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simple shape, such as sections of a cone or cylinder. 
However, it is necessary, if the objects are not good elec 
trical conductors, that a sheet electrode, or some equiva 
lent, be used. The charge available at the screen must be 
su?icient to adequately charge the toner. The electric 
?eld must be of an appropriate magnitude and direction 
to transport the toner to the object and form a faithful 
reproduction of the stencil. Finally, either charge must 
be added to the object being printed or the electric ?eld 
must be suf?ciently intense to overcome the electric ?eld 
due to accumulating toner on the image, such that the 
paths of subsequently arriving particles will not be appre 
ciably in?uenced. 

It is apparent that all electrically insulating objects that 
require printing cannot accommodate an equivalent to 
the sheet electrode. A narrow necked plastic bottle hav 
ing a shape which is not restricted to cones or cylinders is 
an example of such an object. In fact, most plastic bot 
tles fall into this category, especially if one includes con~ 
sideration of all portions of the bottle. A narrow neck 
and complex shape prohibits locating an electrode in close 
proximity to the inner surface. The complex shape may 
mean that a simple rod electrode located in the center 
of the bottle cannot provide an electric ?eld of appro 
priate direction and magnitude at all points to avoid 
distorting the pattern. In addition, it may not be possible 
to get a sufficient quantity of charge at the screen, and 
?eld intensity near the screen, to provide adequate toner 
charging. An electrode located outside of the bottle, on 
the side opposite that of the screen, may exhibit similar 
de?ciencies, and additionally, restrict the amount of area 
that can be printed at one time, thus reducing printing 
speed. 

In the present invention, electrostatic screen printing 
is accomplished in a manner which is free of the de?cien 
cies inherent in the previously known methods. 

In accordance with the present invention, a bulky ob 
ject made of an insulating material such as, but not limited 
to, a sheet of plastic or a plastic bottle, with thin walls, 
is exposed simultaneously to two corona discharges, one 
on each side of the object or, in the case of a hollow 
article, one inside and the other outside. The two corona 
discharges deposit, on the opposite surfaces, ions of the 
opposite electrical polarity. These two surface charges, 
being located closely together and being of opposite po 
larity, tend to neutralize the electric ?elds of each other 
in the space near the objects. Now, if an electrically 
conductive stencil-bearing screen is brought su?iciently 
near the external surface of the object, an enhancement 
of the electric ?eld in the space between the two occurs. 
This is because the ?eld, due to the static charging of the 
article, induces charging on the conductive screen which 
tends to produce ?eld intensi?cation. if the screen is 
electrically grounded, this effect may \be further enhanced. 

It is an object of the present invention to provide a 
new and novel method of electrostatic screen printing 
upon an article of highly insulating material, the method 
comprising the steps of charging one side of the article 
to be printed with positive ions and and the other side of 
the article with negative ions to provide the article with a 
distributed electrostatic charge, locating the charged 
article in spaced relation to an electrically conductive 
screen to establish an electric ?eld between the charged 
article and the conductive screen, and forcing toner par 
ticles through apertures in the conductive screen to charge 
the toner particles and transport them to the charged 
article. 
A further object of this invention is to provide a meth 

od, of the type described above, including the further 
steps of placing an electrode adjacent to the side of the 
article remote from the conductive screen, connecting the 
electrode to the conductive screen, and electrically ground 
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ing the conductive screen to enhance the ?eld intensity of 
the electric ?eld between the conductive screen and the 
charged article. 
Another object of this invention is to provide a new and 

novel method of coating an exterior surface of a hollow 
article of non~conductive material which comprises the 
steps of creating in spaced relation from and substantially 
within ‘the boundaries of‘the interior surface of the hol 
low article, a localized zone of corona ‘discharge of pre 
determined polarity to coat the interior surfaces with ions 
of a polarity determined by said predetermined polarity, 
creating in spaced relation from the exterior surface of 
the article a second zone of corona discharge of opposite 
polarity from that ofthe corona discharge within the 
boundaries of the interior surface of the hollow article, 
disposing‘the charged hollow article in spaced relation 
relative to an electrically conductive screen stencil to 
establish an electric ?eld between the hollow article and 
the screen stencil, and forcing toner particles through 
apertures in the screen stencil.‘ 7 
Another object of this invention is to provide apparatus 

for printing on an article ‘of highly insulating material 
having opposite surfaces thereof charged with ions of 
opposite polarity, the apparatus compr'isingan electrode 
to be disposed in spaced relation adjacent to one surface 
of the article, an electrically conductive stencil screen to 
be disposed in spaced relation adjacent to the other surface 
of the article, means connectingthe electrode to the sten 
cil screen, and means for forcing toner particles through 
apertures in thestencil screen. _ H I 

A further objectof this invention is to provide appa 
ratus, of the type set forth above, wherein the means for 
forcing toner particles through‘ apertures in the stencil 
screen comprises a magnetic brush for brushing toner par 
ticles into and through the apertures in the stencil screen. 
A still further object of this invention is to provide 

apparatus, of the type set forth above, wherein the mag 
netic brush comprises av ‘bar magnet and a plurality of 
ferromagnetic particles adhering thereto, the ferromag~~ ‘ 
netic particles having smaller size toner particles tribo 
electrically adhering thereto. 

With the above and other objects in view that will 
hereinafter appear, the nature‘ of the invention will be 
more clearly understood by reference to the following 
detailed description, the appended claimed subject matter 
and the several views illustrated in the accompanying 
drawing. I 

In the drawing: , . , 1 

FIGURE 1 is a diagrammatical view of one form of the 
present invention wherein a sheet of insulating material 
is illustrated as being exposed to two simultaneous corona 
discharges of opposite polarity.“ 
FIGURE 2 diagrammatically illustrates a printing oper 

ation in accordance with the present invention. 
FIGURE 3 is a diagrammatical view, similar to FIG- * 

URE 1, andillustrates a hollow article of insulating ma 
terial ‘being exposed to two simultaneous corona .dis 
charges, one discharge occurring within the con?nes of 
the hollow article and the other discharge occurring ex 
teriorly thereof. , ' 

FIGURE 4 is a fragmentary perspective view of a plas 
,tic necked-bottle, with portions broken away ‘for clarity, 
and illustrates the plastic bottle as- having a coating of 
negative ions on the interior surface thereof, and a coat 
ing of positive ions on the exterior surface thereof. 
FIGURE 5 is a diagrammatical view of one arrange 

ment for printing upon a hollow article in accordance with 
the present invention. 
FIGURE 6 illustrates a modi?ed arrangement for print 

ing upon articles in accordance with the present inven 
tion. a 

One form of a practice of the, present invention is il 
lustrated in FIGURES 1 and 2. A flat sheet or article 
‘10, which article is formed of a highly insulating material 
such as acetate ?lm or plastics, is shown as being dis 75 

posed between a pair of spaced corona electrodes 11 and 
12. The corona electrode 11 is electrically grounded by 
a conductor 13, and the corona electrode 12 is connected 
to a Van der Graaf generator, generally indicated by the 
numeral 14. In one operative embodiment of the pres 
ent invention, the corona electrodes 11 and 12 were com 
mon sewing pins which were located about 2 or 3 inches 
apart with the points directed toward each other. The 
generator 14 was operated at around 100 kilovolts or 
more, and the ?at article 10 was passed back ‘and forth 
between the electrodes 11 and 12 so that ions formed 
in corona discharges near the points were deposited on 
the article 10 in a fairly uniform manner. Positive ions 
came from the discharge caused by the grounded elec 
trode 11 and negative ions were associated with the elec 
trode 12 connected to the generator 14. The minus signs 
15 indicate that negative ions are deposited on one side of 
the article It), and the plus signs 16 indicate a coating of 
positive ions on the opposite side of the ‘article 10. 

After the article 10 has been charged by the apparatus 
shown in FIGURE 1, the article 10 is located in spaced 
relation to an electrically conductive stencil screen 20 
such that an electric ?eld is established between the 
charged article 10 and the stencil screen 20. The stencil 
screen 20 is illustrated as being a conventional type screen, 
which is commonly used in “silk-screen” printing, and in 
cludes a suitable discontinuous coating 21 which has open 
ings 22 therethrough to de?ne a predetermined pattern. 
The stencil screen 20 is, preferably, electrically grounded 
as at 25. By disposing the electrically conductive stencil 
screen 20 sufficiently near the charged article 10, an en 
hancement of the electric ?eld occurs in the space between 
the stencil screen 20 and the charged article 10. This is 
because the ?eld due to the static charging of the article 
10 induces charges 23 on the conductive stencil screen 20 
which thus produces ?eld intensi?cation. It is preferable 
that the stencil screen 20 be electrically grounded because 
such arrangement will further intensify the electric ?eld. 
The “ink” which is used in the presently described print 

ing process is, preferably, a toner of non-conductive parti 
cles which are of commercially available types manufac 
tured by Xerox Corporation. The toner consists essen 
tially of pigmented or dyed particles of a mixture of n 
butyl methacrylate (41%) and polystyrene (59%), with 
an average particle size of about 17 microns. 
One method of particular interest for charging the toner 

involves mixing the toner with another granular material 
known as a carrier. The carrier is comprised of con 
ductive particles which, preferably, consist of iron ?lings 
or other magnetic material, but which may be of various 
materials such as steel, aluminum or copper. Carrier 
particles have a size which ranges from around 25 to 1000 
microns for these various materials. The mixture of toner 
and carrier particles is generally known as developer. 
When the toner and carrier are mixed, triboelectric charg 
ing occurs and the two types of particles attract each 
other such that the toner, being much the smaller of the 
two, forms a particulate coating on the carrier. Care 
must be taken to insure that an excessive amount of toner 
is not used in such a mixture. Once coatings are formed 
on all of the carrier particles, any additional toner simply 
tends to agglomerate and may exhibit net charging of 
either polarity. Even if a proper amount of toner is used 
in such a mixture, care must be taken in mixing to insure 
a homogeneous distribution. When correct quantities of 
toner and carrier are properly mixed, the toner essentially 
all exhibits net charging of a single polarity, and of su?i 
cient magnitude to be useful in an electrostatic printing 
process. A desirable feature of such a mixture is that the 
toner is well contained and does not present a dusting 
problem generally otherwise associated wit-h such powders. 
If the carrier is made of a ferromagnetic material, and 
such material is preferred, magnetic ?elds can be used ad 
vantageously in handling the developer. As is shown in 
FIGURE 2, a magnetic brush, generally indicated by the. 
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numeral 30, comprises a simple bar magnet 31, one end of 
which has been previously dipped into a carrier~toner mix 
ture. Upon withdrawal therefrom, long ?laments 32 of 
carrier particles coated with toner extend from the magnet 
31 somewhat as the bristles on a paint brush. The mag 
netic brush 30 is used to push toner through the screen 
apertures ‘22 which are not blocked by the stencil coating 
21. The mesh of the stencil screen 20 is such as to per 
mit passage of small toner particles but prevent passage 
of the larger carrier particles. The magnetic brush 30 is 
reciprocated, as indicated by the arrows in FIGURE 2., 
such that toner particles 34, having a negative charge 
thereon, are passed through the stencil screen 20 and are 
moved toward the charged article 10 by the electric ?eld 
between the stencil screen 20 and the charged object 10. 
The brushing operation is continued until a suf?cient 
amount of toner has been accumulated on the article 10. 
The article 10 is now removed from its location near 

the screen, and is either heated or exposed to vapor of 
an appropriate solvent until the printed pattern is ad 
hered to the article. The charging of the article 10, of 
course, maintains the pattern on the object until it is 
permanently adhered. 
The invention is not limited to printing upon ?at sheets, 

such as the article 10, and, in fact, is particularly adapted 
for printing upon a bulky article made of an insulating 
material, such as the thin-‘walled plastic bottle 40 which 
is shown in FIGURE 3. The article 40 is charged in the 
same manner as the article 10. Corona electrodes 11 and 
12 are connectedto a Van der Graaf generator 14 operat 
ing at around 100 kilovolts or more. It is preferred, but 
not restricted thereto, that the interior surface 41, of the 
article 40, be coated with ions of negative polarity, from 
the corona electrode 11, and the exterior surface 42 be 
coated with positive ions from the corona electrode 12. 
Of course, the electrical resistivity of the article 40 must 
be sufficiently high to maintain a high level of charging 
throughout the subsequent printing operation. 
As is shown in FIGURE 5, an electrically conductive 

stencil screen 45 is positioned near the article 40 in an 
appropriate location for stenciling. The stencil screen 
45 is electrically grounded, as at 46, and will charge un 
der the action of the electric ?eld from the precharged 
hollow article 40 ‘which is to be printed upon. This char-g 
ing of the stencil screen 45 may then serve to charge the 
toner as it passes through the apertures in the screen sten 
cil 45. The electric ?eld between the screen stencil 45 
vand article 40 serves to carry toner from the stencil screen 
to the article. It is preferred, but not necessary, to place 
an electrode 47 inside the hollow article 40 and connect 
the electrode 47 to the electrically grounded stencil screen 
45. Such a connection serves to enhance the screen 
article ?eld intensity. 
As is illustrated in FIGURE 6, a conventional paint 

roller Stl, for example, may be used for introducing toner 
34 through apertures in the stencil screen 45. The 
charged toner 34 is then electrically accelerated to the 
‘article 40, by the electric ?eld between the. article and 
stencil screen 45, to produce a printed pattern 51 upon 
the article 40. The magnetic ‘brush 30, as is shown in 
FIGURE 2, may be substituted for the roller 50 and‘, as 
previously pointed out, the use of a magnetic brush 30‘ is 
preferred. After the pattern 51 consists of a sufficient 
amount of toner 34, the article 40 is removed from its lo 
cation near the screen and is either heated or exposed 
to vapor of an appropriate solvent until the printed pat 
tern 51 is adhered to the article 40. 

While preferred forms and arrangement of parts have 
been shown in illustrating the invention, and preferred 
steps of a printing process have been described, it ‘is to 
be clearly understood that various changes in details and 
arrangement of parts may be made without departing 
from the spirit and scope of the invention, as de?ned in 
the appended‘ claimed subject matter. 
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6 
We claim: 
1. A method of electrostatic screen printing upon an 

article of highly insulating material, said method com 
prising the steps of charging one side of the article to be 
printed with positive ions and the other side of the article 
with negative ions to provide said article with a distributed 
electrostatic charge having a net charge of approximately 
zero, placing the charged article in proximate spaced 
relation to an electrically conductive screen while main 
taining said distributed electrostatic charge to induce elec 
trical charges on said conductive screen and to establish 
an electric ?eld between the charged article and‘ the con 
ductive screen, forcing toner particles through apertures 
in the conductive screen causing said toner particles to 
be transported by said electric ?eld from said screen to 
said charged article. 

2. A method as de?ned in claim 1 including the step 
of prearrangin-g the apertures in the conductive screen 
to de?ne a predetermined pattern. ' 

3. A method as de?ned in claim 1 including the further 
step of fusing the toner particles to the charged article. 

4. A method as de?ned in claim 1 including the further 
step of electrically grounding the conductive screen. 

5. A method as de?ned in claim 1 including the further 
steps of placing an electrode adjacent to the side of 
the article remote from the conductive screen, connect~ 
ing the electrode to the conductive screen, and electrically 
grounding the conductive screen to enhance the ?eld 
intensity of the electric ?eld between the conductive 
screen and the charged article. 

6. A method as de?ned in claim 5 including the step 
of pre-arranging the apertures in the conductive screen 
to de?ne a predetermined pattern. 

7. A method of coating an exterior surface of a 
hollow article of non-conductive material which com 
prises the steps of creating in spawd relation from and 
substantially within the boundaries of the interior sur 
face of said hollow article a localized zone of corona 
discharge of predetermined polarity to coat the interior 
surfaces with ions of a polarity determined by said pre 
determined polarity, creating in spaced relation from the 
exterior surface of the article a second zone of corona 
discharge of opposite polarity from that of the corona 
discharge within the boundaries of the interior surface 
of the hollow article to coat the exterior surfaces with 
ions, placing the charged hollow article in proximate 
spaced relation relative to an electrically conductive screen 
stencil to induce electrical charges on said screen stencil 
to establish an electric ?eld ‘between the exterior surface 
of the hollow article and the screen stencil, forcing toner 
particles through apertures in the screen stencil, and cans 
ing toner particles to be transported by said electric ?eld 
from said screen to said charged article. 

8. A method as de?ned in claim 7 including the further 
step of fusing the toner particles to the charged article. 

9. A ‘method as de?ned in claim 7 including the further 
step of electrically grounding the conductive screen stencil. 

10. A method as de?ned in claim 7 including the further 
steps of placing an electrode adjacent to the side of the 
article remote from the conductive screen, connecting the 
electrode to ground, and electrically ‘grounding the con 
ductive screen to enhance the ?eld intensity of the electric 
?eld between the conductive screen and the charged 
article. 

11. Apparatus for printing on an article of highly in 
sulating material, means for charging respective opposite 
surfaces of said material with charged ions of opposite 
polarity, an electrode adapted to be disposed in spaced 
relation adjacent to one surface of the article, an electrical 
ly conductive stencil screen adapted to be disposed in 
spaced relation adjacent to the other surface of the 
article, means for electrically grounding said electrode 
and said stencil screen, and ‘means for introducing toner 
particles into apertures in said stencil screen. 
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12. Apparatus for printing on an article of highly in 
sulating material, means for charging opposite surfaces 
of said material with charged ions of opposite polarity, 
an electrode adapted to be disposed in spaced relation 
adjacent to one surface of the article, an electrically con 
ductive stencil screen adapted to be disposed in spaced 
relation adjacent to the other surface of the article, means 
for electrically grounding said electrode and said stencil 
screen, and a magnetic brush for rbrushing toner particles 
into and through apertures in the stencil screen. 

13. Apparatus as de?ned in claim 12 wherein said 
magnetic brush comprises a bar magnet and a plurality 
of ferromagnetic particles adhering thereto, said ferro 
magnetic particles having smaller size toner particles 
triboelectrically adhering thereto. 

14. Apparatus for printing on an article of highly 
insulating material having opposite ?rst and second sur 
faces, means for charging said ?rst surface with ions of 
a ?rst polarity and said second surface with ions of top 
posite polarity, ‘an electrically conductive stencil screen 
means for being disposed in spaced relation to said article 
after said article is charged, whereby electrical charges will 
be induced on said conductive stencil screen means to es 
tablish an electric ?eld between the charged article and said 
conductive stencil screen means, said stencil screen means 
having apertures therein, means for introducing toner 
particles into said apertures, where-by said toner particles 
are transported to said article by the electric ?eld be 
tween said article and said stencil screen means, an elec 
trode disposed on the side of said article opposite from 
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said stencil screen means and in spaced relation to said 
article, and means for electrically grounding said electrode 
and said stencil screen means for enhancing the ?eld in 
tensity of the electric ?eld therebetween. 

15. Apparatus as de?ned in claim 14 wherein said 
article is a hollow container made of plastic material and 
having an opening therein, said electrode comprising 
a rod~like member inserta-ble within said hollow container 
through said opening, 
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