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ABSTRACT OF THE DISCLOSURE 

Electrically charged particles, deposited on an object 
in a predetermined pattern through an electrical ?eld, 
have a tendency to migrate from their points of impinge 
ment, due to electrical potential conditions created during 
printing. This invention alleviates charge imbalances and 
other conditions which cause migration, generally by 
application of reversing charges to the areas of the object 
affecting print stability. 

—____ 

This invention relates to improved methods and appa 
ratus for printing, decorating or to like purposes deposit 
ing printing particles such as ?ne electroscopic pigment 
by electrostatic means on essentially nonconductive sur 
faces of planar as well as curvilinear con?guration, and 
is applicable to the direct labeling or decoration of ?at 
sheet or containers and other objects of irregular or 
intricate shape made from plastic, glass, metal or other 
materials which have or are provided with essentially 
nonconductive surfaces. More particularly, the invention 
is concerned with achieving sharper printing images and 
more stable patterns of electrostatically deposited pigment 
on such objects by alteration of post-printing conditions 
of electrical potential so that migration of deposited par 
ticles, destructive of character outline, print uniformity 
and logo legibility is minimized. 

Electroscopic toner particles, either solid or liquid, may 
be printed on a target surface by passage of the massed 
particles through a stencil screen which is positioned 
opposite and in closely spaced relation to the target sur 
face. An electrostatic ?eld is maintained between the tar 
get and a spaced voltage source within which the stencil 
is positioned so that electrically charged printing particles 
within the ?eld are induced to move through unmasked 
areas of the stencil corresponding to the subject matter 
to be printed, and to project onto the target surface. 

Creation of the required electrostatic ?eld is effected 
by the application of voltage differential between what 
may be termed a launching electrode integral with or 
spaced from the stencil and at which electrically charged 
particles, e.g., of pigment are launched into the ?eld for 
passage to the target object, and counter-electrode means 
so associated with the target surface that the stencil 
passing particles are caused to deposit thereon. Such 
counter-electrode means may have any of various par 
ticular forms, such as the target surface backing itself 
where conductive, or a separate electrode, in effect back 
ing the target. In container printing, a counter-electrode 
inserted in the container, or projected only partially there 
into so as to ionize ?uid within the container creates an 
effective counter-electrode condition. 
A major problem with electrostatic printing is migra 

tion of deposited pigment following printing. In practice, 
following deposition of the printing particles, the ?eld 
generating voltage is shut off and/or the stencil and ob 
ject are moved apart, e.g., to enable printing of additional 
objects. Immediately during conveying from the printing 
station, or subsequently during storage, the particles de 
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posited by most electrostatic printing processes are in 
stable in their positions and creep outwardly in a random 
manner. The effect is a variable density within a printed 
letter or logo and irregularly broken edges on the char 
acters so that the general appearance is one of unevenness 
and in extreme cases, illegibility. 
The present invention is predicated on the major con 

cept, among others, of reducing the electrical forces acting 
on deposited particles as a result of an electrostatic print 
ing process and, more speci?cally, reducing the potential 
between image and nonimage areas resultant from the 
printing operation. It has been found that upon ?ow of 
printing particles through the stencil and onto the object 
under an electrostatic potential, a concentration of charges 
in the image areas obtains relative to the nonimage areas 
and the resultant disparity of charge concentration, par 
ticularly in relation to the overall more uniformly dis 
tributed opposite charge on the counter-electrode side of 
the object, produces a nonuniform ?eld or potential which 
tends to cause image particle migration, and altering this 
?eld or potential, following printing, results in stable 
patterns of particle distribution, apparently by removing 
the migration inducing potential gradient existing between 
image and nonimage printing areas. 

Thus, the present invention provides a method of 
printing upon the surface of an electrically nonconductive 
material such as a polyethylene bottle, that includes de 
positing electrically charged printing particles such as 
electroscopic pigment upon the surface to form a printed 
image area having adjacent nonprinted areas and in so 
doing creating electrical potential between the image and 
nonimage areas tending to cause migration of said parti 
cles from the image area, and immediately upon the image 
deposition altering this potential to prevent image particle 
migration, generally by reducing the potential as by in 
creasing the charge on the nonimage areas, decreasing 
the charge on the image areas or reducing toward neu 
trality the electrical potential generating charges adjacent 
the image areas. 

The most signi?cant source of electrical ‘potential gen 
erating charges is the printing-particle-attracting electri 
cal counter-electrode condition maintained behind the 
to-be-printed surface during printing which leaves a 
charge on the reverse side of the printed surface when 
the counter~electrode voltage is shut off following print 
ing, particularly where such voltage is applied in a closed 
space such as a container interior. Particle migration is 
inhibited, it has been found, when the charge constituting 
this counter-electrode condition is dissipated as by apply 
ing a reversing charge, particularly within the closed 
space. The effectiveness of reverse charge application in 
dissipation of unwanted charge is increased by providing 
a potential between the reversing charge and a spaced‘ 
point such as the exterior of the closed space and ad 
jacent the image area. Thus for example, if the unwanted 
charge is attributable to a negative charge on the interior 
of a closed space such as a container, a positive reversing 
charge is applied to the container interior, ionizing the 
ambient medium. For further effectiveness a negative 
charge condition is created Without the container to ex 
pedite neutralization of the negative charge within the 
container by increasing electrical interaction between the 
supplied positive and present negative charges. The sten 
cil is useful as a locus for charges used to provide a 
potential with respect to the reversing charge since it is 
usually closely adjacent to the image area where re 
dressing potential creating charge imbalances is most 
important. The reversing charge application is preferably 
accomplished by the use of an AC. voltage ‘which is 
capable of reducing toward neutrality the residue charge 
condition of the reverse face of the printed surface, but 
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an opposite polarity DC. voltage can also be used. The 
charge application, if any, to the stencil or other spaced 
point to enhance neutralization is generally DC. and of 
opposite polarity to the reversing charge if the latter is 
D.C. An A.C. voltage can be applied to the stencil but 
this may disturb the printed particles. Uniformity of result 
in removing charges is enhanced by applying the reversing 
charges from a plurality of points within said container 
preferably distributed generally opposite the image areas. 
Apparatus is provided for carrying out the above 

method of printing on an essentially nonconductive sur 
face including printing means for depositing electrically 
charged particles on such surface to form a printed image 
area in a manner creating electrical potential between 
the image and nonimage areas tending to cause migration 
of the printing particle from the image area and means 
for altering this potential to prevent image particle migra 
tion including a voltage source. More speci?cally, the 
apparatus includes means for positioning the object to be 
printed such as a container at a printing station, a print 
ing particle supply, launching electrode means spaced 
from the object surface adapted to launch electrically 
charged printed particles theretoward at the printing sta 
tion and eounter—electrode means operative to generate an 
electrostatic ?eld between the electrode means, an aper 
tured stencil within the ?eld to de?ne image and non 
image areas; and potential altering means including a 
charging electrode means connected to a voltage supply 
source. 

In the printing of containers, the counter-electrode 
means will generally be a conductor shaped to be rc— 
ceivable within the container and preferably provided 
with a pointed terminus which is connected for alter 
nately receiving a DC. voltage during printing and a 
reversing charge producing DC. or A.C. voltage follow 
ing printing. To increase ?eld strengths adjacent the 
counter-electrode a differently charged electrode may be 
provided spaced a small distance therefrom, e.g., a ring 
circumferentially spaced adjacent and rearwardly of the 
counter-electrode terminus for electrical connection to an 
appropriate potential when a charge reducing, e.g., an 
A.C., voltage, is imposed on the counter-electrode. Where 
the printed area is large and distributed over the object, 
the counter-electrode may include a plurality of terminals 
distributed generally opposite the image areas on the 
object. 
The invention will be further described as to one 

illustrative embodiment thereof in conjunction with the 
attached drawings in which: 
FIG. 1 is a view diagrammatically illustrating the in 

vention as applied to improved printing on a container 
formed of dielectric material. 

FIG. 2 is an enlarged detail view, generally in section, 
of the combined counter and reversing charge producing 
electrode. 

FIGS. 3 and 4 are fragmentary views illustrating dia 
grammatically the effect on printed images of employing 
the present invention. 

FIG. 5 is a view generally in section, showing an alter 
native arrangement of charge reversing electrodes within 
a container. 

Referring, now, to the drawings in detail there is 
shown in FIG. 1 a typical improved printing apparatus 
according to the present invention, particularly adapted 
to print or decorate an open-mouth container 10 having 
a printable surface 10a which can be assumed to be di 
electric, e.g., of glass or of synthetic organic plastic 
material such as polyethylene or polyvinyl chloride or 
to be paper or a plastic/metal or paper/metal combina 
tion. Printing means for depositing electrically charged 
particles upon the container surface are shown including 
a printing particle supply comprising a hopper 12 having 
within a charging wire 14 connected to, e.g., a positive 
D.C. source (not shown) for charging printing particles 
16, conveyor belt ‘18, suitably of rubber or mohair, and 
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4 
driven continuously beneath the hopper outlet between 
sheaves 20. Printing particles 16, electrically charged 
within the hopper, fall by gravity onto the belt 18 and 
are carried to the launching area. There launching elec 
trode 2?. is provided connected at 24 to, illustratively, the 
positive terminal 26 of a DC. voltage supply 28 so that 
the particles 16 are repelled by the electrode 22 and thus 
launched as a stream 29. A brush 30 rotating about elec 
trode 22 may be used to assist in separating charged 
particles from the belt. A counter-electrode means is pro 
vided to de?ne an electrostatic ?eld with electrode 22 
including conductive probe 32 positioned within con 
tainer 10 at the open mouth or neck thereof. The probe 
is connected at 34 through switch 36 to, illustratively, 
the negative terminal 38 of the DC. voltage supply 28 
so that the particles of stream 29 are attracted to the 
counter-electrode and surface 10a. Within the ?eld thus 
de?ned there is placed a printing pattern de?ning stencil 
40 of conductive or dielectric material, and preferably of 
brass or beryllium—copper shim stock, which may be elec 
trically connected at 42 to potentiometer 44 through 
switch 46 for purposes as will appear. 
The stencil is provided with image de?ning apertures 

40:: which permit portions of printing particle stream 28 
to pass the stencil and impinge on the container surface. 
The stencil apertures may be produced mechanically 

as by blanking out with a suitable die in a punch press, 
or chemically or electrochemically, by etching away un 
masked areas of the sheet, or by other suitable means. 

It will be appreciated that the foregoing speci?c ar 
rangement and function of components can be varied and 
use still made of the present invention. Thus, for exam 
ple, the stencil can function as the launching electrode as 
well as a pattern determinator or the stencil can be placed 
against the container surface. In general, any printing 
system in which printing particles are moved through an 
electrical ?eld to be placed on a surface in a stencil con 
trolled pattern can be improved in resultant print appear 
ance by the present invention. 
Assuming an arrangement as shown in FIG. 1 the elec 

trostatic ?eld will generally have a quite high potential, 
e.g., on the order of 20,000 to 100,000 volts or more. 
This is provided by application of a voltage differential 
to the electrodes in a known manner and typically by 
application of 40,000 to 60,000 volts to the launching 
electrode and 10,000 to 20,000 volts of opposite polarity 
to the probe of the counter-electrode. The stencil is gen 
erally grounded 0r unconnected as shown in FIG. 1, but 
may be given a potential level intermediate the electrode 
voltage values, e.g., by closing switch 46. 
For illustrative purposes, the launcher will be con 

sidered as positively charged and the probe therefore 
negatively charged. The particles then will be positively 
charged. It is to be noted that it is the relationship of 
polarities of the electrodes to one another and to the par 
ticles that is of signi?cance and not their sign. So while 
the illustrative apparatus is described herein with a posi 
tively charged launching electrode and a negatively 
charged counter electrode and employing positively 
charged particles, results would be identical if all charges 
were reversed. The screen will be nominally neutral or 
may be charged to a value between the electrode values. 
Under the strong ?eld conditions just described there 

occurs a phenomenon known as free charge ?ow from 
the launching electrode to the stencil even in the absence 
of electrical connection therebetween or even printing 
particle ?ow. Of course, during printing there is an ac 
cumulation of positive charges on the stencil to an ap 
preciable extent. 
At the same time negative charge free ?ow is occurring 

within the container 10 from negatively charged counter 
electrode probe 32. This results in an accumulation of 
negative charges on the interior surface 10/) of the con 
tainer. 
During printing, impingement of the particle stream 
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29 on the container surface 10a loads this surface selec 
tively with positive charges in the image areas because of 
the concentration there of the positive charge bearing 
particles. Adjacent nonimage areas have no charge or a 
relatively quite slight positive charge. A potential is thus 
created between image and nonimage areas owing to the 
unequal distribution of charges across this surface. 

Since the interior of the container bears a highly uni 
form negative charge from free charge ?ow from the 
counter-electrode probe, it is apparent that these negative 
charges will be unequally balanced across the container 
surface with a better balance at the positive charge rich 
image areas than at relatively positive charge poor non 
image areas. Lines of force are seen then to exist between 
the image and nonimage areas. The particles still carrying 
positive charges attempt to distribute themselves across 
the surface 10:: so as to equalize the charge condition 
on that surface and more nearly balance the negative 
charge residing on the reverse side 10b of the container 
wall. The disparity of potential between the image areas 
and the counter charges and the non-image areas and the 
counter charges induces a charge equalizing movement of 
the particles. Naturally this movement is most noticeable 
at the peripheral portions of the printing. In FIG. 3 a 
section of surface 10a is shown with image area 101a and 
nonimage area 102a at the instant of completion of print 
ing particle deposition and ?eld shut down. In FIG. 4 this 
section is shown several minutes later. The migration 
of printing particles is clearly shown in FIG. 4 to be dis 
ruptive of letter outline and to vary print density. Where 
multiple small letters are printed such outline breaking 
reduces legibility of the wording and produces a useless 
print. 
Removal of the mask can intensify particle migration. 

As pointed out above, positive charges accumulate on 
the mask from free charge ?ow and particles colliding 
therewith. The resultant accumulated positive charge to 
some extent balances negative accumulated charges behind 
the printed surface. When the mask is removed, the ?eld 
lines move rapidly through the printed image and dis 
locate the particles, aggravating the stability problem. 

Referring to FIGS. 1 and 2, apparatus is provided for 
minimizing printed particle stability problems developed 
naturally from electrostatic printing procedures, speci?cal 
ly means for altering the electrical potential created be 
tween image and nonimage areas to prevent image par 
ticle migration including a voltage source. As shown, an 
A.C. voltage source 48 is provided to which an electrode, 
here probe 32 is connected at 50 through switch 36. Clos 
ing switch 36 to the left introduces interiorly of container 
10 an A.C. voltage, e.g. at 1,000 to 20,000 volts and pref 
erably at 3,000 to 7,000 volts; in general, to act as a re 

7 versing charge to reduce the charge on the container in 
terior surface 10b but less than that which would relaunch 
the particles deposited on the outside of the container. 
A reduction of interior charges to neutrality is not re 
quired, only reversal toward neutrality but neutralization 
may be carried out. For the conditions of printing given 
above a 5,000 volt A.C. charge to the container interior 
for from 1 to 10 seconds, preferably 3 to 7 seconds re 
verses the interior charge condition sufficiently toward 
neutrality to alleviate particle migration and enable reten 
tion of image area integrity. While an A.C. voltage ap 
plication is illustrated, an opposite polarity D.C. charge 
including a pulsing DC. voltage may be used with effec 
tiveness at levels below those relaunching the deposited 
particles. 

In container applications, as illustrated, it is of as 
sistance to maximize ?eld strength from the voltage ap 
plied, i.e. to a medium ionizing level so as to most effi 
ciently reverse extant charge conditions. For this purpose 
an electrode ring, e.g. in the form of conductive tubing 
52 (FIG. 1) connected at 54 through switch 56 to an 
appropriate potential, illustratively ground and rearwardly 
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adjacent the terminus 32a of the electrode probe and 
spaced therefrom, for example by nonconductive annulus 
58, may be employed. The ring can also be a metal sleeve 
or cylinder section, as illustrated at 52a in FIG. 2. The 
charge applied to the electrode ring is such as will pro 
duce a ?eld with the charge on the counter-electrode, e.g. 
a lower potential or ground. Generally either ground or 
a potential intermediate those on the counter-electrode 
and the exteriorly provided potential will be used. 
Where image areas are distributed over the object sur 

face it may prove desirable to apply reversing charges 
from a plurality of terminals. This is illustrated in FIG. 5 
where a pair of electrodes 321 supported on rod 60 and 
having terminus 321a and associated ?eld intensifying 
electrode rings 521 are connected in the manner of the 
FIGS. 1 and 2 reversing electrode to A.C. voltage at 501 
and to ground at 541. 

In the illustrated embodiments herein, the counter 
electrode and reversing electrodes are shown to be one 
and the same. This has proved to be a practical expedi 
ent in practice as well as being convenient in illustrating 
the invention. Switch 36 is capable of three positions: 
extreme right, for connection of the probe 32 to negative 
D.C.; extreme left, for connection of the probe to A.C.; 
and center, for no connection. Similar connections may 
be employed with the probes 321 depicted in FIG. 5, 
but are not shown in the interests of simplicity. 
A further assist in rapid reduction of potential is 

realized by creating a reversing charge attracting condi 
tion exteriorly of the container. Thus, application of a 
negative charge reversing positive voltage within the con 
tainer is heightened in charge neutralizing effectiveness 
by creating a charge condition which attracts the neutral 
izing positive charges to the negatively charged area. 
Conveniently in stencil printing, advantage may be taken 
of the proximity of the stencil to the image area, to apply 
a charge to the stencil which attracts the reversing charge 
applied within the container. For instance, assuming a 
launching electrode at +50,000 volts and a negative 
counter-electrode at —15,000 volts, and application fol 
lowing printing of 5,000 volts AC. to the counter-elec 
trode probe for about 5 seconds, more complete dissipa 
tion of the image area-nonimage area potential is realized 
it during the A.C. application there exists a negative 
charge on the stencil. This negative should be on the sten 
cil during internal charge reduction within the container. 
It is not necessary that the opposite polarity charge be 
applied to the stencil simultaneously with application of 
a charge reversing voltage to the container interior, for 
the opposing charge on the stencil will remain following 
its application to the stencil sufficiently to realize the 
bene?ts discussed above. 
To summarize the operation of the invention, printing 

particles 16 are electrically charged, are launched in 
a stream 29 from like charged launching electrode 22, 
pass through stencil 40 and impinge on selected areas of 
a target such as container 10 behind which a counter 
electrode condition is maintained by a charge on probe 
32 to create the particle moving ?eld. The particles are 
deposited on surface 10a to form a printed image area 
101a having adjacent nonprinted or nonimage areas 102a. 
The accumulation of charges in the image areas being 
great relative to the nonimage areas, an electrical po 
tential exists therebetween and between the charges on 
the surfaces inside and outside of the container, which 
tends to cause migration of the deposited particles from 
the image area. This potential is altered by either reduc 
ing it as by increasing the charge on the nonimage areas, 
e.g. by contacting the nonimage areas 102a with a posi 
tively charged stencil 40, or by decreasing the charge 
on the image areas, e.g. by freely ?owing charge onto 
the image areas of opposite polarity; or by reducing static 
charges adjacent the nonimage areas which create elec 
trical potential namely the unbalanced negative charges 
within the container. This last method may be carried 
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out by applying a reversing charge eg an AC. voltage 
to the container interior, optionally with provision of a 
potential between the reversing charge and the container 
exterior. Conveniently, the stencil 40 can be used as the 
locus for the opposing charge. The reversing charge may 
be applied from a plurality of points within the container, 
distributed generally opposite the image area, but whether 
one or a plurality of points are employed, it is desirable 
to intensify the resulting ?eld by maintaining differently 
charged electrode spaced from and adjacent the reversing 
electrode terminus to increase ionization of the ambient 
medium and thus hasten discharge of the unwanted 
charges in the area. 
We claim: 
1. Apparatus for printing on containers having an es 

sentially nonconductive surface that includes printing 
means comprising a printing station for a container to 
be printed, a printing particle supply, launching electrode 
means spaced from the container surface adapted to 
launch electrically charged printing particles toward said 
container at said printing station, counter electrode means 
within said container charged to a ?rst polarity to gener 
ate a counter-potential and establish an electrostatic ?eld 
between said electrode means, and an apertured stencil 
within said ?eld to de?ne image and nonimage areas; and 
means including a voltage supply source for charging said 
counter-electrode to a second, opposite polarity to prevent 
image particle migration. 

2. The method of printing on containers having an 
electrically nonconductive printable surface that includes 
positioning the container at a printing station, establish 
ing a printing‘particle-attracting counter-electrode condi 
tion within said container by charging an electrode with 
in the container to a ?rst polarity, depositing electrically 
oppositely charged printing particles upon said surface to 
form a printed image area and in so doing creating elec 
trical potential between the image and nonimage areas 
tending to cause migration of said particles from the 
image area, and immediately upon the image deposition, 
charging said electrode to a second, opposite polarity 
thereby altering said potential to prevent image particle 
migration. 

3. Method according to claim 2 including applying an 
AC. voltage within said container. 

4. The method of printing on containers having an 
electrically nonconductive printable surface that includes 
positioning the container at a printing station, establish 
ing a printing-particle-attracting counter-electrode condi 
tion within the container by charging an electrode therein 
to a ?rst polarity, depositing electrically oppositely 
charged printing particles upon said surface to form a 
printed image area and in so doing creating electrical po 
tential between the image and nonimage areas tending 
to cause migration of said particles from the image area 
and immediately upon the image deposition altering said 
potential to prevent image particle migration by charging 
said electrode to a second, opposite polarity and also pro 
viding an additional potential relative to said opposite p0 
larity charge on said electrode exteriorly of said container 
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and adjacent said image area and establishing an ionizing 
potential in the medium immediately adjacent said elec 
trode. 

5. Method according to claim 4 including maintaining 
an electrostatic ?eld extending from a spaced voltage 

- source to said container, positioning an apertured stencil 
in said ?eld and in spaced relation to said voltage source, 
and introducing said electrically charged particles into 
said ?eld at a location spaced from the stencil so that 
said particles are launched into said ?eld to pass through 
the stencil apertures to be deposited on the container sur 
face to form a printed image and immediately following 
image deposition, terminating said electrostatic ?eld, ap 
plying an opposite polarity charge to said stencil and 
thereafter applying an AC. voltage within said container 
after termination of said electrostatic ?eld. 

6. Method according to claim 5 in which said AC. 
voltage application is su?icient substantially to bring the 
container interior to a neutral charge condition. 

7. Method according to claim 5 including providing a 
synthetic organic plastic surface to be printed upon. 

8. Apparatus for printing that includes a printing sta 
tion for a container to be printed having an essentially 
nonconductive surface, a printing particle supply, launch 
ing electrode means spaced from the container surface 
adapted to launch electrically charged printing particles 
toward said printing station, counter-electrode means op 
erative to generate a counter-potential within said con 
tainer to establish an electrostatic ?eld between said 
electrode means, and an apertured stencil within said ?eld 
to de?ne image and nonimage areas; said counter-electrode 
means being connected to alternately provide DC. and 
AC. voltages within said container. 

9. Apparatus according to claim 8 in which said 
counter-electrode means includes a plurality of terminals 
distributed generally opposite the image areas on the con 
tainer. 

10. Apparatus according to claim 8 in which an addi 
tional and differently charged electrode is provided ad 
jacently spaced from the terminus of the counter-electrode 
means during application of an AC. voltage to said 
means. 

11. Apparatus according to claim 8 in which said sten 
cil is connected to receive an electric charge. 

12. Apparatus according to claim 11 including means 
sequentially to form said electrostatic field, and follow 
ing printing, terminate said ?eld, and immediately there 
after apply an opposite polarity charge to said stencil 
and thereafter apply a reversing charge within said con 
tainer. 
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