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@ Method and apparatus for high resolution liquid toner electrostatic transfer.

@) A transfer device and method of its use for an
electrostatic imaging system using liquid toner ca-
pable of generating images having very high resolu-
tion at fast speeds. The station includes three sec-
tions, an electrically biased tack down roller, a trans-
fer corona station and a transfer medium separator.
These sections are located to prevent the onset of
turbulence in the liquid toner.
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METHOD AND APPARATUS FOR HIGH RESOLUTION LIQUID TONER ELECTROSTATIC TRANSFER

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention periains to liquid electrostatic
toner transfer stations and more particularly to a
transfer station employing corona fransfer capable
of generating images having very high resolution.

2. Description of the Prior Art

In most instances of electrostatic imaging, the
ultimate objective is to produce an image on a
carrier sheet having the same appearance, texture
and handling characteristics as any other image
produced through the printing processes. To obtain
this objective, an electrostatically created image is
typically covered with toner particles and the toner
particles are eventually transferred onto a sheet of
paper in imagewise fashion, where they are affixed
in a more or less permanent manner. Such electro-
static image producing or image reproducing ap-
paratus is well known in the art. Also well known in
the art are methods for transferring the toner par-
ticles onto a plain sheet of paper using either
pressure rollers to which a bias potential may be
applied, or electrical fields such as created by a
corona wire to deposit charges on the back side of
the paper and attract on its front surface charged
toner particles from a toner developed image car-
rier surface.

The toner particles may be available either as
a dry powder, or as a liquid suspension. An elec-
trostatic imaging system, employing both toner
particles in a liquid suspension and a corona trans-
fer station is shown in U.S. Patent number
4,256,820 issued to Benzion Landa. ’

In the aforementioned patent, the transfer sta-
tion is shown schematically as comprising a tack
down roll which presses the transfer paper onto the
toned surfacé of a photoconductive drum. The roll
is followed by two corona wires in a shielded case.
When a voltage is applied to the wires, toner par-
ticles are attracted from the surface of the pho-
toconductive drum to the surface of the transfer
paper. Paper separating means are available after
the corona to pull the paper away from the drum.

While electrostatic copying has found great
success, the electrostatic imaging process has
shown limitations when applied to certain fields,
such as in the printing industry. it is well known to
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mount on a drum a pre-exposed plate having im-
agewise conductive and non-conductive areas and
through sequential toning and transfer to print mul-
tiple copies of the same image much as a printing
press does. However, unless very slow printing
speeds are employed, the high resolution needed
in the printing industry has been beyond the capa-
bilities of the electrostatic printing systems and
apparatus.

Specifically, corona transfer resolution, as prac-
ticed heretofore, typically-provides resolution of the
order of 9 lines/mm. In contrast high quality proof-
ing images used in the printing industry require a
minimum resolution of 50 to 60 lines/mm or 1% to
99% dots in a 133 linesfinch screen. The term
"lines/mm" is defined as a combination of lines
and space, also sometimes referred to as line
pairs/mm. A detailed description of resolution mea-
surements will be found in pages 476-511 of
"Electrophotography" by R. M. Schaffert, published
by Focal Press, London, 1975. Definitions of
screens, dots and percentage areas as used by the
graphic arts industry can be found in "Principles of
Color Proofing" by M. H. Bruno, published by
GAMA Communications, 1986. While liquid toners
tend to produce higher resolution images, corona
transfer of thin toner layers showed cracking and
mottling of shadow dots and solid areas. These
defects degrade the image resolution to an unac-
ceptable level. And while great improvements are
obtained when slow speed, ie., less than 0.5
inches per second, is used in the image transfer
stage, such low speed is commercially unaccep-
table; a higher speed is required. A minimum of 2.2
inches per second is required for some commer-
cially viable systems.

SUMMARY OF THE INVENTION

The objective of the present invention is to
provide an improved corona transfer station for
liquid toner transfer which achieves high resolution
image transfer at speeds of or exceeding 2.2
inches per second. High resolution is resolution
adequate for use in the printing industry and par-
ticularly in proofing applications.

The above objective has been achieved
through the use of a corona transfer station com-
prising an electrically biased tack down roller, a
transfer corona wire and a paper separator means
each located adjacent the other along a path along
which travel a transfer paper and a toned image
carrying master, the tack down roller positioned
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along the path to bring into mutual contact the
transfer paper and the master, the transfer paper
and the toned master being in mutual contact along
at least a portion of the path, the improvement
comprising:

1. a distance between a point on the path at
which the ftransfer paper and the master are first
contacted under the bias tack down roiler and a
projection of the corona wire on the path is no
more than 3 inches and preferably about 1.5
inches, and

2. the paper separator means is placed adja-
cent the corona wire at a distance such that the
paper separates from the master at a point in a
range of a point under the corona wire to not more
than about 15 mm and preferably no more than 5
mm along the path in the direction of the paper
travel.

In cases where the path traveled by the trans-
fer paper is a curvilinear path, as when the paper
travels along a portion of the outer perimeter of a
rotating circular drum on which there is supported
an image carrying master, the distances are mea-
sured as arc lengths along the perimeter, and all
projections are taken at the intersection of the
drum perimeter and a radius extending through the
desired point from the center of the drum.

in the preferred embodiment, the path of the
transfer paper is further coniroiled such that at the
point of the first contact between the master and
the transfer paper, the transfer paper forms an
angle between itself and the master larger than
about 8”.

While specific apparatus for practicing this in-
vention is described, the invention also comprises
a method for transferring high resolution toned im-
ages from a master bearing a liquid toner layer
thereon onto a transfer paper comprising the steps
of:

1. contacting the transfer paper onto the
toned master without squeegeeing the liquid toner
layer from thereinbetween by passing both the
paper and the master under an electrically biased
tack roller,

2. transferring the toner layer from the mas-
ter to the paper under the influence of an electric
field of opposite polarity to that used for the biasing
of the tack rolier, and

3. separating the paper from the master,
the improvement comprising the steps of:

4, transferring the toner layer from the mas-
ter to the paper before the onset of turbulence in
the liquid layer between the master and paper
following contacting the paper onto the master, and

5. separating the paper from the master im-
mediately following toner layer transfer and also
prior to the onset of turbulence in the liquid layer
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between the paper and the master.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention will best be understood with
reference to the accompanying Figures in which:

Figure 1 is a schematic representation of an
elevation view of an electrostatic image reporduc-
tion apparatus employing a transfer station in ac-
cordance with this invention;

Figure 2 is an enlarged, detailed schematic
representation also in elevation view of a transfer
station in accordance with this invention; and

Figure 3 is an enlarged, detailed schematic
representation of a second embodiment of a trans-
fer station in accordance with the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

In Figure 1, there is depicted in schematic form
an apparatus useful for producing high resolution
multiple prints from a plate subjected to previous
exposure having areas of varying conductivity in
accordance with such pre-exposure.

The apparatus comprises a rotating drum 10
which is rotated in the direction of arrow 14 by
means not shown in the Figure and well known in
the art. On the surface of the drum there is moun-
ted a master plate or master 12 through the use of
any of a number of well-known clamping mecha-
nisms, generally depicted here by numerals 13 and
18, The master plate 12 has been pre-exposed to
a desired image. As a result of this pre-exposure,
certain areas in the master 12 have been rendered
substantially more electrically conductive than oth-
ers, in a manner as to reproduce in a latent form
the original image.

Along the periphery of the drum 10 are posi-
tioned a number of machine elements, typically
referred to as stations, which upon command op-
erate to act on the master 12 in any one of a
predetermined number of ways. Starting at the
upper right hand side there is located a corona
charging station 18. Such corona charging stations
are well known in the art and the particular design
is of no special interest, provided it is able to
deposit a charge with a high degree of uniformity
on the surface of the master 12. A scorotron having
a screen on the side facing the master has been
found satisfactory.

Proceeding clockwise, there is a second cor-
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ona device, referred to as a discharge station 20.
This may also be a scorotron of similar structure as
the one used in station 18, but to which is applied
an A.C. voltage to uniformly neutralize the remain-
ing charges on the master 12 following image
transfer and provide a background of very low
charge level on the master 12.

A foning station 22 follows the discharge sta-
tion 20. it comprises one and preferably two rotat-
ing rollers 24 and 26 which rotate partially im-
mersed in liquid toner trays 28 and 30, respec-
tively. The direction of rotation of rollers 24 and 26
is shown by the arrows, and is such that their outer
surface is turning in the direction of the outer
surface of drum 10 where they come into close
proximity or contact. Means not depicted for the
sake of clarity allow the rollers 24 and 26 to be
moved in and out of contact with the drum 10. A
toner reservoir 36, pump means 34 and conduit
arrangement 32 are also provided fo assure an
adeguate supply of liquid toner to the rollers.

In the present arrangement, following the ton-
ing station, there is placed a metering roller 37
which rotates in a direction such that its surface
moves in the opposite direction than that of drum
10 at the point where they face each other. The
purpose of this roller is to wipe off excess toner
from the surface of a toned master. Typically, the
surface of this roller is spaced about 0.004 inches
from the surface of a plate mounted on the drum
10, but that distance may vary between about
0.002 to about 0.007 inches. Means not shown are
also provided to move this roller in and out of
proximity with drum 10.

A cleaning station simply depicted as roller 38
is next provided which is used to wipe clean the
surface of the master 12 following image fransfer
and prior to recharging for the next image. No
details are shown, but such cleaning stations are
well known in the art, and the particular design
selected is of no consequence, provided it is ade-
quate to remove any left over toner following image
transfer.

A transfer station T is located next in a clock-
wise direction and comprises three sections. A tack
down roller 45, which serves to bring the transfer
paper 42 moving along path 43 into contact with
master 12, is followed by a transfer corona station
55 and paper separator means 61, each of the
sections to be more fully described below.

The drum 10 is typically maintained at ground

potential, as shown by numeral 16. Appropriate

power supplies and electrical connection means

not shown, are available to apply, as desired, bias

voltages to stations 18 and 20 as well as {o toner
rollers 24 and 26.

) Reference is next made to Figure 2, which

depicts in greater detail the critical elements in the
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transfer station T.

The plate supporting drum 10 is again depicted
bearing thereon a master 12 which has on its
surface in imagewise fashion a layer 40 of liquid
toner, that is toner particles dispersed in a liquid. In
this Figure the master 12 is shown in such position
as it would have after a partial transit through the
transfer station T. Similarly, part of a sheet of
transfer paper 42 is depicted through the transfer
station T along path 43 traveling in a direction
indicated by the arrow head. As is seen at the exit
of the transfer station T the layer 40 of toner has
transferred to the paper 42 as an image layer 44.

Preferably the tack down roller 45 comprises a
core 46, typically of metal, covered with a conduc-
tive rubber slesve 50. By properly selecting the
conductivity of the sleeve, current flow may be
limited. When negatively charged toner is used, a
negative bias potential of between 6.0 KV and 0.0
KV, and preferably between 3.5 KV and .5 KV, may
be applied. For positively charged toner, a positive
potential would be applied. This bias has the effect
of contacting the transfer paper 42 onto the toned
master 12 without squeegesing the liquid toner
from thereinbetween and creating image distortion
and resolution loss. Numeral 52 indicates the bias
voltage source employed. Alternatively, a tack
down corona can be used instead of the tack down
roller 45.

It is recommended, for optimum results, that
the paper feed path 43 be selected such that the
angle theta, - , formed between the transfer paper
42 and the master 12 is larger than about 8°. The
paper path is designed such that the incoming
paper first contacts the roller 45 and then the toned
master 12. Where as here, the master 12 is in a
curved configuration the angle theta is measured
between a tangent plane drawn to the surface of
the drum 10 at the point "A" of contact between
the transfer paper 42 and the master 12, and a
plane tangent to the paper 42 at the same point.

Following the tack roller 45 is the transfer cor-
ona station 55 which comprises a corona wire 56
covered by a shield 58. A power supply 60 pro-
vides a positive corona potential which is regulated
to maintain a plate current flow of between 25 to
300 milliamperes and preferably between 50 to 100
millamperes. The plate current is the total current
going to the wire 56 minus the current flowing in
the shield 58 back to the power supply. (A positive
voltage is selected because of the charge of the
toner pariicles is negative. A negative voltage
would be needed for the transfer in the case where
a.positively charged toner was used. Then the tack
down roller potential would also have been se-
lected positive rather than negative.)

it is very important that the corona wire 56 be
placed in close proximity to the tack down roller
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45. Specifically, when the paper 42 and master 12
travel through the transfer station T at speeds of or
over 2.2 inches/second and if a curvilinear or cir-
cular paper path 43 is used because of the use of
a drum 10 to support the master 12, as shown in
Figure 2, then the distance measured on the arc-
. length between point "A", previously defined, and
point "B" corresponding to the corona wire projec-
tion on the drum surface along a drum radius
extending through the wire centerline should be
limited to about 1.5 inches but in all instances
where high resolution is desired should stay below
3 inches.

Following the transfer corona station 55, there
is paper separator means 61. This means may
comprise a roller or a bar or as shown here a
suction chamber 62 having a suction slot 66 adja-
cent the transfer paper path 43 {o pull the transfer
paper 42 away from master 12. The chamber 62 is
connected to a vacuum source (not shown) through
conduit 64 to provide a suction source.

The position of the separator means 61, not the
structure, is critical. The separator means 61 must
separate the paper 42 from the master 12 at a
point 70 located just below or just past the corona
wire 56. Lifting the paper 42 from the master 12
must occur immediately after transfer in order to
assure that the transfer process will be completed
before the onset of turbulence in the toner layer 40.
This practically speaking translates in point 70 be-
ing located in a range of the point B, previously
defined, under the corona wire 56 to a point no
more than about 15 mm and preferably no more
than 5 mm along the paper path in the direction the
paper travels.

Figure 3 illustrates another embodiment of a
transfer station T  in accordance with the present
invention. As in the Figure 2 embodiment, the
transfer station T’ comprises a tack down roller
145, a transfer corona station 155 located adjacent
the tack down roller 145, and paper separator
means 161 located adjacent the corona station 155.

The tack down roller 145 and transfer corona
station 155 are identical to and operate the same
as corresponding roller 45 and station 55, pre-
viously described in relation to Figure 2. However,
in this embodiment a toned master 112 moves
relative to and under the transfer station T along a
substantially horizontal path 141 causing a portion
of a path 143 where paper 142 is in contact with
master 112 to be substantially horizontal. When the
paper 142 and master 112 travel through the trans-
fer station T at speeds of or over 22
inches/second, the longitudinal centerline of the
corona wire 156 should be about 1.5 inches and in
no instance more than 3 inches away from the
longitudinal centerline of the tack down roller 145.

In Figure 3, the separator means 181 is illus-
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trated as a roller, but it could just as well be a bar
or a suction chamber as shown in Figure 2.

As in the Figure 2 embodiment, the separator
means 161 is positioned to separate the paper 142
from the flat master at a point 170 located at a
point "B'" at the intersection of a line through the
corona wire centerline perpendicular to the master
112 or just past point "B'" in the direction of travel
of the paper 142. Point 170 is located no more than
about 15 mm and preferably no more than 5 mm
from point g

The length of the transfer zone and the lifting
of the paper 42 or 142 immediately after transfer
are most critical issues to maintain high resolution.
Any wrap of the paper 42 around the master 12 in
the Figure 2 embodiment or any contact of the
paper 142 on the master 112 in the Figure 3
embodiment after transfer results in a smeared, low
resolution image. Excessive length of the transfer
zone introduces turbulence in the toner layer 40 or
140 and again degrades resolution.

Describing the operation of the Figure 1 em-
bodiment, an imaged master 12 having imagewise
conductive and non-conductive areas is mounted
and clamped by clamps 13 and 13" on the drum
10. The drum 10 is rotated and discharge station
20 is activated to place a uniform level charge on
the master plate 12, conditioning it for subsequent
charging. During the next drum revolution, charging
station 18 places a uniform charge over the master
surface. The charge is held on the non-conductive
portions of the master 12, and leaks through to
ground 16 through the conductive portions thereof.

In a third revolution the toner rollers 24 and 26
are brought against the master 12 and toner is
attracted to the areas that have retained a charge.
Metering roller 37 adjusts the thickness of the toner
layer 40 on the master 12. As this revolution con-
tinues, the transfer paper 42 is brought together
with the toned master 12 under tack down roller 45.
The bias voltage on roller 45 provides a charge on
the paper 42 which together with the surface ten-
sion of the liquid toner is sufficient to hold it in
good contact with the master 12. As the paper 42
and master 12 enter the transfer corona field, toner
particles flow from the master 12 to the paper 42
under the applied field, effectively transferring the
image to the paper 42. Immediately under or past
the corona wire 56 the paper 42 is lifted off the
master 12 eliminating any risk of smearing.

The discharge scorotron 20 is again activated
to discharge the master 12 and as the drum 10
continues its revolution the cleaning station 38
wipes off any residual toner from the plate 12. The
process is repeated for the next print.

It has been found that a resolution of at least
50 lines/mm has been maintained through transfers
using the above-described apparatus at fransfer
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speeds of paper velocity of 2.2 linear inches per
second. At 8 inches per second paper velocity,
successful transfers of images with resolution of
1% to 98% dots of a 150 lines/mm screen were
obtained.

What is believed to be happening to produce
such high resolution is the implementation of a
process in which there is maintained laminar flow
condition in the liquid toner layer 40 or 140 in the
transfer region before image transfer occurs. Thus,
it was surprisingly recognized that the source of
loss of resolution was turbuience in the fluid layer
40 or 140 while the paper 42 or 142 and master 12
or 112 are heid in contact, even though the two are
held in fixed position relative to each other in
combination with smearing which occurred after the
image had iransferred. Since a short transfer zone
length was found to be essential for good transfer
resolution, it was further found that turbulence oc-
curs in the toner layer 40 or 140 between the paper
42 or 142 and the master 12 er 112 because of the
geometry of the transfer zone, particularly its
length. If transfer can be accomplished before any
turbulence occurs, that is, within a path no more
than 3 inches, then mottling in the solid portions of
the image and smearing is eliminated. Further-
more, separation of the paper 42 or 142 from the
master 12 or 112 immediately after the transfer
further assures that the whole process is com-
pleted before any turbulence occurs.

Those having the benefit of the above teaching
may modify and adapt the above apparatus and
method in numerous ways well known in the art.
While reference is made o a separate master 12
that is clamped on supporting drum 10, it is well
within the scope of this invention for the master 12
to be an integral portion of the drum 10 having
photoconductive properties, and for the latent im-
age to be created by direct exposure of the drum
surface. And while a transfer paper 42 or 142 is
described, transfer of the image on any suitable
receiving medium is also contemplated, such as
cloth, polyester base and the like. Such modifica-
tions and adaptations are still to be viewed as part
of the invention.

Claims

1. A transfer device for transferring a layer of
toner particles in a liquid medium in imagewise
fashion from a master onto a transfer medium
traveling along a path, the device including:
electrically biased tack down means for contacting
the transfer medium and the master, the tack down
means having a centerline;

a transfer corona wire adjacent the tack down
means, the wire having a centerline; and
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transfer medium separator means adjacent the
wire; the improvement comprising:
the tack down means, wire and separator means
are positioned such that after transferring the layer,
the toner particles on the transfer medium have a
resolution of at least 50 lines/mm.

2. The device as set forth in Claim 1, wherein:
a distance between a first point on the path at
which the transfer paper and the master are first
contacted by the tack down means and a second
point corresponding to the closest point in the path
to the wire is no more than 3 inches measured
along the path.

3. The device as set forth in Claim 2, wherein:
the distance between the first and second points is
about 1.5 inches.

4. The device as set forth in Claim 1, wherein:
the distance between the tack down means center-
line and the wire centerline is no more than 3
inches.

5. The device as set forth in Claim 4, wherein:
the distance between the tack down means center-
line and the wire centerline is about 1.5 inches.

6. The device as set forth in Claim 1, wherein:
the separator means is at a distance from the wire
such that the transfer medium separates from the
master at a point in a range of a point correspond-
ing to the closest point in the path to the wire
through 15 mm along the path in the direction the
transfer medium travels.

7. The device as set forth in Claim 1, wherein:
the path where the master and the transfer medium
are in contact is curvilinear.

8. The device as set forth in Claim 7, wherein:
the curvilinear path is circular.

8. The device as set forth in Claim 1, wherein:
the transfer medium and the master first contact
each other at an angle larger than about 8",

10. The device as set forth in Claim 9, wherein:
the angle is measured between a plane tangent to
the master at a point of first contact between the
transfer medium and the master, and a plane tan-
gent to the fransfer medium at the point of first
contact.

11. A transfer device for transferring a layer of
toner particles in a liguid medium in imagewise
fashion from a master onto a transfer medium
traveling along a generally flat path, the device
including:
electrically biased tack down means having a cen-
terline;

a transfer corona wire having a centerline located a
distance from the tack down means centerline;

a transfer medium separator means adjacent the
transfer corona wire; and

the tack down means, the transfer corona wire and
separator means located along, but separated from,
the path, the improvement comprising:

n
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the distance is no more than 3 inches; and

the separator means is located sufficiently close to
the corona wire to separate the transfer medium
from the master at a point in a range of a point at
the intersection of the path and a line, through the
wire centerline perpendicular to the path, through
15 mm along the path in the direction the transfer
medium travels.

12. The device in accordance with Claim 11,
wherein:
the distance is about 1.5 inches.

13. The device in accordance with Claim 11,
wherein:
the separator means is located so as to separate
the transfer medium from the master immediately
past the corona wire.

14. A transfer device for transferring a layer of
toner particles in a liquid medium in imagewise
fashion from a master onto a transfer medium
traveling along a curvilinear path, the device includ-
ing:
electrically biased tack down means for contacting
the transfer medium and the master, the tack down
means having a centerline;

a transfer corona wire having a centerline, the wire
adjacent the tack down means;

a transfer medium separator means adjacent the
transfer corona wire; and

the tack down tack down means, the transfer cor-
ona wire and separator means located along, but
separated from, the path, the improvement com-
prising:

a first distance between a first point on the path at
which the transfer medium and the master are first
contacted together by the tack down means and a
second point corresponding to the closest point in
the path to the wire is no more than 3 inches
measured along the path; and

the separator means is located adjacent the corona
wire at a second distance such that the transfer
medium separates from the master at a third point
in a range of the second point through 15 mm
along the path in the direction the transfer medium
travels.

15, The ftransfer device in accordance with
Claim 14, wherein:
the path is circular and the first distance is mea-
sured along an arc extending between the first
point further defined by the intersection of the path
and a first radius of the circular path extending to
the tack down means centerline and the second
point further defined by the intersection of the path
and a second radius of the circular path extending
to the wire centerline.

16. The transfer device in accordance with
Claim 14, wherein:
the first distance is about 1.5 inches.
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17. The transfer device in accordance with
Claim 14, wherein:
the transfer medium and the master first contact
each other at the first point at an angle larger than
about 8°.

18. The transfer device in accordance with
Claim 17, wherein:
the angle is measured between a plane tangent to
the master at the first point and a plane tangent to
the transfer medium at the first point.

19. A method for transferring toned, high reso-
lution images from a master bearing a toned high
resolution image thereon comprising a layer of a
liquid medium containing toner particles onto a
tfransfer medium comprising the steps of:
contacting the transfer medium onto the toned
master without squeegeeing. the layer of the liquid
medium from thereinbetween by passing both the
transfer medium and the master under an elec-
trically biased tack down means;
transferring the toner particles from the master to
the transfer medium under the influence of an
electric field of opposite polarity to that used for
the biasing of the tack down means; and
separating the paper from the master; the improve-
ment comprising the steps of:
transferring the toner particles from the master {o
the transfer medium before the onset of turbulence
in the liquid layer between the master and transfer
medium following contacting the transfer medium
onto the master; and
separating the transfer medium from the master
immediately following toner particles transfer and
also prior to the onset of turbulence in the liquid
layer between the transfer medium and the master.
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