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METHOD FOR ELECTROSTATIC PAPER
STRIPPING BY NEUTRALIZATION OF TRANSFER
: CHARGE

This is a continuation, of application Ser. No. 41,668
filed May 20, 1970, now abandoned, which is a contin-
uation of application Ser. No. 585,816 filed Oct. 11,
1966, and now abandoned. Copending application Ser.
No. 200,253 filed Nov. 18, 1971, is a Division of Ser.
No. 41,668.

This invention relates to xerography and in particular
to a method and apparatus for stripping copy with
transferred toner images from a xerographic surface.

In the practice of xerography, as described for exam-
ple in U.S. Pat. No. 2,297,691, to Chester F. Carlson,
a xerographic surface comprising a layer of photocon-
ductive insulating material affixed to a conductive
backing is used to support latent electrostatic images.
In the usual method of carrying out the process, the xe-
rographic: plate is electrostatically charged uniformly
over its surface and then exposed to a light pattern of
the image being reproduced to thereby discharge the
charge in the areas where light strikes the layer. The
undischarged areas of the layer thus form an electro-
static charge pattern in conformity with the configura-
tion of the original light pattern.

The latent electrostatic image can then be developed
by contacting it with a finely divided electrostatically
attractable material such as a powder. The powder is
held in image areas by the electrostatic charge on the
layer. Where the -charge is greatest, the greatest
amount of material is deposited; and where the charge
is least, little or no material is deposited. Thus, a pow-
dered image is produced in conformity with a light
image of the copy being reproduced. The powder is
subsequently transferred to a sheet of paper or other
surface and suitably affixed thereto to form a perma-
nent print. .

The electrostatically attractable developing material
commonly used in xerography comprises a pigmented
resinous powder referred herein to as “toner” and a
coarse granular material called “carrier.” The carrier
is coated with a material removed in the triboelectric
series from the toner so that a charge is generated be-
tween the powder and the granular carrier upon mutual
interaction. Such charge causes the powder to adhere
to the carrier. The carrier, besides providing a charge
to the toner, permits mechanical control so that the
toner can readily be brought into contact with the ex-
posed xerographic surface for the development of the
surface. The powder particles are attracted to the elec-
trostatic image from the granular material to produce
a visible powdered image on the xerographic surface.

When xerography is practiced on a cylindrically
shaped endless xerographic surface, as a drum de-
scribed for example in U.S. Pat. No. 3,062,536, to J.
Rutkus, Jr., et al., the final copy paper is caused to
move' in synchronous contact with the drum during a
portion of the rotation of the drum. During this time,
a potential opposite from the polarity on the toner is
applied to the side of the paper remote from the drum
to electrostatically attract the toner image from the
drum to the copy paper. A puff of air or other mechani-
cal means may then be employed to separate the image
bearing paper from the drum. The toner image is then
fused to the paper for the production of the final xero-
graphic copy.
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During the transfer of the toner image from the drum
to the paper, the transfer corotron, which is of a posi-
tive polarity when negatively charged toner is applied,
deposits a positive charge on the copy paper. The copy
paper which is an insulator retains the positive charge
while inducing a negative charge in the non-image
areas of the xerographic drum. This new charge orien-
tation creates an electrostatic bond between the paper
and drum.

To separate the paper from the drum, the electro-
static bond therebetween must first be overcome either
mechanically or electrostatically. When an air puffer is
used to achieve this separation, a relatively high pres-
sure of air must be employed to overcome the attrac-
tion of the paper for the drum. However, when high air
pressures are employed, there is a tendency of such air
to agitate the unfused toner image on the paper and dis-
rupt the image configuration of the toner. This exhibits
itself as puffer smears on the final copy. This blowing
of toner powder also results in mechanical dirt prob-
lems throughout the functioning elements of the sys-
tem. Furthermore, when a copy is being separated from
the xerographic surface, the high pressure of air repels
the tonerbearing paper against the output conveyor
with a tonerjarring force especially when the electro-
static bond is small. Mechanical fingers have also been
employed to effect stripping. Mechanical fingers, how-
ever, have a tendency to scratch and abrade the xero-
graphic surface.

The present invention is directed to a method and ap-
paratus for electrostatically stripping copy from a xero-
graphic surface by neutralizing the electrostatic bond
between the paper and xerographic surface. This per-
mits xerographic stripping to be practiced without me-
chanical instrumentalities.

It is, therefore, an object of the instant invention to
strip .image-bearing xerographic copy from a xero-
graphic surface electrostatically.

it is another object of the invention to remove the
electrostatic charges from xerographic copy.

It is another object of the invention to neutralize the
electrostatic bond between xerographic copy and a xe-
rographic surface to cause their separation.

It is a further object of the invention to eliminate
toner smears, toner dust contamination, drum abra-
sion, and other deleterious effects caused by the me-
chanical removal of image-bearing copy from a xero-
graphic surface.

These and other objects of the invention are achieved
by neutralizing the electrostatic bond which holds xero-
graphic copy to xerographic surfaces after an electro-
static transfer. This neutralization is accomplished by
the use of detacking corona emissions sprayed on the
face of the image bearing copy sheet remote from the
xerographic surface.

For a better understanding of the invention, as well
as other objects and further features therecof, reference
is had to the following detailed description of the inven-
tion to be read in connection with the accompanying
drawing wherein the FIGURE is a schematic diagram
of an automatic xerographic reproducing machine uti-
lizing the principles of the instant invention.

Referring now to the FIGURE, there is shown an em-
bodiment of the subject invention in a suitable environ-
ment such as an automatic xerographic reproducing
machine. The machine has a xerographic surface 10
formed by a photoconductive layer on a conductive



" which the drum surface is exposed to
»light source to effect substantially complete. discharge.
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- backing. The surface is formed in the shape of a drum
which is mounted on a shaft journaled in the frame of
the machine to rotate in a direction as indicated by the
arrow. This- movement causes the drum surface to
move sequentially past a plurality of xerographic’ pro-
cessing stations. »

“For the purpose of the present disclosure, the several
xerographic processing stations in the path of move-
ment of the drum surface may be described function-
ally, as follows: '

A charging station A, at which a uniform electro-
static charge is deposited on the photoconductive layer
of the xerographic drum; - R

An exposure station B, at which a light or radiation
pattern of a copy to be reproduced is projected onto
the drum surface to dissipate the drum charge in the ex-

- posed- areas thereof thereby forming a latent electro-
- static image of the copy to be reproduced;

A de,velppmen't station C, at which the xerographic
developing material including toner particles having an
electrostatic charge opposite to that of the latent elec-

‘trostatic image, are cascaded over the drum surface,

3870515
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The instant invention requires no puffer or other me-
chanical stripping mechanisims. In place thereof, a
stripping corotron 20" is positioned. across ‘the xero-

graphic drum downstream from the transfer corotron..

The stripping corotron is adapted to subject the face of
the toner-bearing paper remote from the ‘drum and
toner image to a spray of ions having a net polarity op-
posite from that of the transfer corotron. The purpose
of the ion spray of the stripping corotron is to neutral-
ize the bond causing charges placed in the copy paper
by the transfer corotron. By neutralizing this charge,
the bond between the paper and drum is removed and
the stipping of the paper can be achieved by the pull of '
gravity on the paper and the resiliency of the paper
which makes it return to its original unbent state.

For the purposes of this illustrative example, let us’

- assume that the original charge placed on the photo-

20

whereby the toner particles adhere to the latent elec- .
" trostatic image to form a xerographi¢ powder image in -

the configuration of the copy being reproduced;

A transfer station D, at which the xerographic pow-
der image is electrostatically transferred from the drum
surface to a transfer or support material and then re-
moved from the drum for fusing the image onto the
support material; and, _ ' -

A drum cleaning and discharge station E, at which
the drum surface is brushed to remove residual toner
particles remaining thereon after image transfer, and at
a relatively bright

© "of any residual electrostatic charge remaining thereon.
"It is believed that the foregoing description is suffi-
cient for the: purposes of this application to show the
general operation of the xetographic reproducing ap-
paratys. . - . . _ .
" As the drum shaped surface rotates past the develop-

ment station C, a suitable backing material 12 such as
- paper is brought into contact with the xerographic sur-
face 10 by first sheet feeding mechanisms 14. Other in-
sulating backing materials, such ‘as Mylar or the like,
may also be used. The sheet and drum then move at the
same linear $peed past a transfer coroton 16 which acts
to electrostatically draw the toner image from the drum
towards the paper. At the same time, however, the
electrostatic. charge emitted by the transfer corotron
electrostatically tacks the paper to the drum. The drum
and paper then travel together to suitable instrumental-
ities capable of removing the paper from the drum to

" thereby allow the toner-bearing paper to be trans-.

ported away by second sheet feeding mechanisms 18.
The second sheét feeding mechanisms transport the
toner-bearing paper to a fusing station for the produc-
tion of the final copy. - ’

Most known machines of this type employ some sort
of -mechanical instrumentalities to strip the image-
bearing paper from the xerographic drums. The puffer,
which propels a jet of air or other gderiform fluid be-
tween the paper and drum, is probably the most com-
mon means used for stripping. A description of a puffer
may be found in-the aforementioned Rutkus patent,
which patent also more fully describes the other xero-
graphic processing stations referred to above. '
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conductor is positive and that negative toner. particles
are used to develop the image. In. such case a transfer
corotron 16 with a positive DC output greater in mag-

" pitude than the image charges on the xerographic sur- .

face will attract the toner. particles from the xero-
graphic surface to the copy paper to cause the transfer
of the image. Such positive emissions as caused by the
transfer corotron 16 also tend to build up a uniform
positive charge per unit area on the insulating copy pa-

per. The transfer emissions accepted by the -paper in

‘regions overlying the nonimage areas of the photocon-

ductor induce an opposite or negative charge in the
conductive substrate portion of the xerographic drum
in non-image areas. This charge distribution .in non-
image areas of the drum and paper creates an electro-
static attraction therebetween. o

The elimination or neutralization of the electrostatic
bond between the paper and drum ‘can be achieved by . -
eliminating or neutralizing the forces creating the -
bond. Where the positive transfer- emissions. remaining
in the paper create the bond, equal and opposite nega-
tive emissions can remove them.. ‘

The bond between the paper and drum consists of
charges having a constant charge per unit area. It has

‘been determined that the bond causing the charge on

the copy paper can be neutralized ‘through the use of
an AC corotron which produces an.excess of emissions
opposite in polarity from the: charge in the paper. Such
an AC.emission can be achieved through the proper se-
lection of the corotron wire and bias. The selected co-
rotron used for successful detacking of paper traveling

at 7.1 inches per second according to the instant inven-

tion includes 3.5 mil platinum-iridium wire with a

4,500 RMS volt AC source at 600 CPS with a positive

850 volt DC bias. The wire material and the diameter
as well as the DC bias permits the production of the re-
quired excess of negative emissions. Although both
positive and negative ions are emitted, the excess of

‘negative ions will produce the required net negative ef-

fect. .

The parameters of the above described corona
source are by way of illustration only, and the invention
is operable over an extremely wide range of parame-
ters. The detacking corotron described above was used
with the machine of the above referred to Rutkus pa-

tent. The paper employed varied from heavier than

normal 1 10:pound paper down to tissue type 13 pound
paper with no-variation in the effectiveness of the strip-
ping. The wide range of paper -weights usable to prac-
tice the invention was considered significent. Paper has
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an inherent tendéncy to straighten itself out after being
bent, as when moved through an arc of the drum sur-
"face during transfer. Even the lightest and most flexible
papers tested, when neutralized by the stripping emis-
sions, has the ability to fall from the drum under their
own weight and resiliency. Furthermore, the neutraliz-
ing effect allowed successful stripping of line copy as
well as solid area copy with no readjustments of the
stripping corotron and rendered the stripped paper free
from virtually all static charges for easy handling there-
after.
Pure DC emissions, equal and opposite from the
“charge in the paper, have also been found capable of
eliminating this paper-to-drum bond. An ion flow from
a DC source, large enough to minimize the bond but
just slightly lower than the potential which would repel
the: toner back onto the drum, was also successfully

used. Such an emission source included a 3.5 mil plati-

num-iridium -corotron wire with a negative DC bias to
-provide a current of 2'microamps per inch when run on
the machine -of the above referred to Rutkus patent.

“However, the critical parameters to which such a DC
corotron must be held makes the AC corotron more

- economically feasible. Such parameters include uni-
formity of cross-sectional diameter of the corotron
wire, uniformity of wire material, uniformity of speed
between the corotron and image as well as uniformity
of input current to the corotron. It was not found nec-
essary to hold the AC embodlment to such crmcal pa-
rameters.

While the instant invention has been described as
being carried out on a drum-shaped xerographic sur-
face in an automatic and continuous machine, it should
be realized that the invention is equally applicable to
other xerographic machines, as for example, ones em-
ploying continuous beltshaped xerographic surfaces. In
such case, the stripping would preferably take place at
a location where the belt was being guided around a
roller.

In operation, as developed xerographlc images on the
drum-shaped surface 10 move beyond the deve]opment

_station’ C, the drum contains residual charges in non-
image areas and higher charges in image areas. The
image areas also have charged toner particlés in an im-
age-wise configuration corresponding to the object to
be reproduced. The drum with its toner images, then
passes to a point just before the transfer corotron 16 at
which point a sheet of copy paper contacts the drum
for concurrent movement therewith. -Passage of the
paper and image bearing xerographic surface beneath
the first or transfer corotron 16 acts to produce an ion

. flow opposite in polarity from the charge on the toner
to thereby electrostatically transfer the toner image

_from the drum to the paper and to electrostatically tack
the paper to the drum. Continued movement of the
paper with the drum past a second or detacking coro-
tron 20 neutralizes the charges in the paper caused by
the transfer corotron to release the electrostatic bond
which has been holdmg the paper to the drum. The
weight of the paper, along with its tendency to
straighten itself out, then cause the paper to fall from
the drum onto a second sheet feeding mechanism. 18.
The second sheet feeding mechanism 18 conveys the
paper from the drum area to a fusing station for the cre-
“ation of the final permanent copy.

The stripping corotron has an extended utility in that
it is usable to decrease the electrostatic bond between

6

. the copy and the drum to a less than copy stripping
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amount. In such case a mechanical stripper, such as a
puffer, would be used in combination with the bond de-
creasing: corotron to effect the final removal of the
copy from the drum. Greatly reduced puffing pressure,
however, would be needed and many of the problems
caused by puffing would be minimized.

It is obvious that the stripping corotron needed to
carry out the instant invention is readily adapted for in-
corporation into existing commerical xerographic ma-
chines. It is.also usable for making fused and unfused
masters as well as conventional zerographic copy. The
various polarities described are also illustrative since
they could obviously be varied by one skilled in the art
to effect the same paper stripping ability, as for exam-
ple, in the stripping of positive copy made from nega-

- tive optical originals.

While the present invention, as to its objects and ad-
vantages, has been described herein as carried out in
specific embodiments thereof, it -is not desired to be
limited thereby; but it is intended to cover the inven-
tion broadly within the spirit and scope of the ap-
pended claims.

I claim:

1. A method of producing xerographic copy includ-
ing the steps of

forming on a member a developable latent electro-

static image havmg an electrical charge pattern of
image-and non-image areas,

.developing the image on the member with charged

toner particles,

moving an insulating backing sheet into contact with

the surface of the member in reglstratxon with the
developed image,

electrostatically transferring the toner particles to the

msulatmg backing sheet with direct current ion
emissions opposite in polarity from the charge on
the toner particles, and

subjectmg the sheet with toner 1mages to alternating

ion emissions from an ion emitting device spaced
therefrom to substantially eliminate the eletrostatic
bond. between the backing sheet and the member
created by. the electrostatic transferring.

2. The method as set forth in claim 1 wherein the sub-

. jecting of the sheet is accomplished with a corotron
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emitting both positive and negative ion emissions but
with an excess of emissions of the polarity the same as
that on the toner particles.

3. The method as set forth in claim 1 wherein the sub-
jecting of the sheet is accomplished with a corotron

_having an alternate current power source with a direct

current bjas.

4. In the method of producing xerographlc copy
which includes the steps of charging a cylindrically
shaped photoconductive member with an electrostatic
charge, exposing the charged member to dissipate the
charge in a patterned configuration of image and non-
image areas corresponding to an object to be repro-
duced, developing the surface of the exposed member
with charged toner particles to create a toner image,
moving the leading edge of an insulating backing sheet

‘into contact with the surface of the photoconductive

member so that the sheet is in registration with the
toner image and electrostatically transferring the toner
particles to the insulating backing sheet with emissions
of a single polarity the improvement comprising,
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subjecting the sheet with'the toner image thereon to
jon emission of alternating polarity to thereby de-
_ crease the electrostatic bond between the backing
* sheet and photoconductive member created by the
electrostatic transfer. _ o
5. In the method of producing xerographic copy
which includes the step of forming a developable latent

" . electrostatic image on a member, developing the sur-

face of the member with charged toner particles of a

- first polarity to create toner images, sequentially mov-
ing insulating backing sheets into contact with the sur-
face of the member in registration with the toner im-

_ages thereon and electrostatically transferring the toner
particles to the insulating bacKing sheet with direct cur-
rent ion emissions, the improvement comprising, -

" subjecting the sheets with toner images thereon to
corotron emissions of alternating polarity with the
majority of emissions being of the same polarity as
the charge on the toner particles to thereby de-
crease the electrostatic bond between the backing

sheets and meémber- created by the electrostatic

‘transfer to thereby permit the toner bearing back-
ing sheet to fali from- the meémber.. :
6. A method of transferring charged xerographic

toner images from a developed latent electrostatic im--

age-bearing member to insulating backing sheets, and

' of stripping the,_toner-bearing backing sheet from the -

member including, ‘

sequentially feeding. insulating backing sheets into
contact with the developed member with the lead-
ing edge of each sheet in registration with the lead-
‘ing edge of a developed latent electrostatic image,
bringing the member and sequentially fed backing
sheets into the influence of electrostatic means po-
sitioned on the side of the insulating backing sheets
‘remote from the member to charge the backing
sheets with a charge having a polarity opposite
. from the charge on the toner particles to thereby

3,870,515
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sequentially feeding .insulating backing ‘sheets’ into
contact with the developed member with the lead-
ing edge of each sheet in registration with the lead-
ing edge of a developed latent electrostatic image,

bringing the member and sequentially fed backing -
sheets into the influence of a direct current coro-
tron means positioned on the side of the insulating
backing sheets remote from the member to charge
the backing sheets with corona emissions having a
polarity opposite from the charge on the toner par-
ticles to thereby electrostatically attach toner im-
ages to the backing sheets and electrostatically
tack the backing sheets to the member,

then bringing the member and sequentially fed back-
ing sheets into the influence of an alternating cur-
rent corotron means positioned on'the side of the
insulating backing sheets remote from the member
16 subject the insulating backing sheets.to alternat-

" ing corona emissions to thereby minimize the elec-
trostatic bond between the toner-bearing -sheets
and the member and; * - - S ‘ o

catching the toner-bearing backing sheets with sheet
feed means as they separate from the member. -

8. In the ‘method . of producing a xerographic copy
which includes the steps of charging a photoconductive
surface with an electrostatic charge, exposing the
charged surface to dissipate the charge in an image
configuration corresponding to the ‘object to be repro-

. duced, developing the éxposed surface with charged

30
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electrostatically attach toner images to the backing

sheets and electrostatically tack the backing sheets

to the member, ' : : )
then bringing the member and sequentially fed back-
ing sheets into the influence of an dlternating cur-
. rent corotron means positioned on the side of the
insulating backing sheets remote from the member
to subject the insulating backing sheets to alternat-
ing corona emissions to thereby ‘minimize the elec-
trostatic bond between the toner-bearing ‘sheets

and the member and, e
" catching the toner-bearing backing sheets with sheet
feed means as they separate from the member.
7. A methad of transferring charged xerographic
_toner images from a developed latent electrostatic im-
age-bearing member to insulating backing sheets, and
of stripping the toner-bearing backing sheet from the

" ‘member including, :
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toner particles and electrostatically transferring the
toner particles to an insulating backing sheet, including .
electrostatically bonding the backing sheet to the pho-
toconductive surface by applying charges of a first po-
larity onto the backing sheet, the improvement com-
prising: ' . '
“subsequently decreasing the electrostatic bonding
between the backing sheet and the photoconduc-
tive surface to electrostatically strip the tomer-
bearing backing sheet from the photoconductive
surface, ’ '
. wherein the electrostatic bonding decreasing step is
carried out by applying to the backing sheet corona
emissions havirig a net second polarity opposite
from the first polarity charges on the backing sheet
and large enough to minimize said electrostatic
bonding but lower than the potential which would
repel the toner. particles back onto the photocon-
~ ductive surface; and - : :
the backing sheet is then allowed to separate from
the photoconductive surface where said surface is
cylindrical by the self-straightening resiliency. of
the backing sheet. : - ‘
9. The method of claim 8 wherein the corona emis-
_sions of the second polarity are applied by an A.C. co-

rona generator.
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