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developing the latent image by the selective transfer of portions of the layer of liquid toner from the second surface to the first

surface.
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| (59 Title: LATENT IMAGE DEVELOPMENT APPARATUS

| second member charged to a third voltage intermediate the
| first and second voltages and having a second surface adapted. -
| for resilient engagement with the first surface and a third
| member adapted for resilient contact with the second surface
| | in a transfer region. ‘The imaging apparatus also includes ap-

. | by formmg on the second surface a thin layer of liquid toner

. the second surface to the first surface
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(57) Abstract

Imaging apparatus including a first member havmg a
| first surface having formed thereon a latent electrostatic im-
| age, the latent electrostatic image mcludmg image regions at a
| first voltage and background regions at ‘a second voltage, a

‘paratus for supplying liquid toner to the transfer region there-

| -containing a relatively high concentration of charged toner
particles and apparatus for developing the latent image by the
| selective transfer of portions of the layer of lnqmd toner from
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LATENT IMAGE DEVELOPMENT APPARATUS
D _C ' Al o)
The present invention relates generally to development
“apparatus and more particularly to latent image development
apparatus in electrophotographic imaging systems.
3A sROUND O 1k INVENI 10!

The method of developing a latent image formed on a
photoconductive surface by means of electrophoretid'
transfer of liquid toner is well known in the art. In this
method, in a non-polar

insulating carrier liquid migrate under the influence of
an electrostatic field and concentrate in

charged particles

suspended

image forming
configuration upon relatively charged or discharged areas

of a photoconductive surface. The latent image so developed

is then transferred to a substrate, such as paper, either

directly or by means of one or more intermediate transfer
members. |

In USA Patent 4,504,138 a different method for the
developing of a latent image is described. The method
described involves applying a thin viscous high density

layer of toner particles on the circumferential surface of

a roller and bringing the layer so formed to the

, photoconductive ‘surface. Transfer of selected portions of
' the toner layer onto the photoconductive surface then
5 occurs as a function of the electric field strength of the

latent image. .
'~ In. Canadian Patent 990589, a method of developing

~electrostat1c images is described which involves producing
oa tilm,of liquid toner on a first applicator and bringing
'the applicator in contact wlth-the final substrate which
. carries a latent image, thereby to develop the

imaqe. A
second applicator bearing a layer of carrier liquid is then
into contact with the substrate to remove
background deposits and to squeegee out excess liquid. The

film of liquid toner described 1in Canadian Patent 990589

has between 2 - 4 per cent of toner concentrate dispersed
within the carrier liquid.
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1 SUMMARY OF THE ENTIC

2 It is the object of the present invention to provide
3 simplified apparatus for the development of latent images
4 in electrophotographic imaging systems by the direct
5 transfer of concentrated liquid toner. There is therefore
6 provided imaging apparatus including:

7 a first member having a first surface having formed
8 thereon a latent electrostatic image, the latent
9 electrostatic image including image regions at a first
10 voltage and background regions at a second voltage;
11 a second member charged to a third voltage
12 intermediate the first and second voltages and having a
13 second surface adapted for resilient engagement with the

first surface at a first, transfer, region;.

a third member resiliently urged against the second
surface at a second region;

means for supplying liquid toner comprising charged
toner particles and carrier liquid to the second region,
thereby forming on the second surface a thin layer of
liquid toner containing a relatively high concentration of
charged toner particles; e

means for developing the latent image by the
selective transfer of portions of the 1layer of 1liquid

‘toner from the second surface to the first surface at the

first region to, form a developed image on the first member;

and

'meaﬁs¢~for transferring the developed image from the

‘first member to a final substrate.

f'There_is.further.provided in a preferred embodiment of
the invention imaging apparatus including: '

a first member including a first surface having formed
thereon a latent electrostatic image, ' the latent
 electrostatic image having image regions at a first voltage

and background regions at a second voltage;

a second member charged to a third voltage
intermediate the first and second voltages and having a
second surface adapted for resilient engagement with the
first surface;

SUBSTITUTE SHEET
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1 a third member adapted for depositing on the surface
2 of the second member a thin layer of 1ligquid  toner
3 containing a relatively high concentration of charged toner
4 particles;
5 means for obtaining a desired image by selectively
6 transferring ©portions of the layer of liquid toner from
7 the surface of the second member to the photoconductive
8 surface of the first member, the portions remaining on the
9 surface of the second member constituting the desired
10 image; and
11 means for transferring the desired image to a final
12 substrate. .
13 Either or both of the first and second surfaces are
14 preferably formed of resilient material. '
15 In one preferred embodiment of the invention the third
16 member is a roller with an elastomer surface, in another it
17 is a resilient blade. In a third preferred embodiment the
18 third member is a spring-mounted wire-wrapped solid ‘rod.
19 Alternatively the third member is an extrusion coating
20 head. .
21 Alternatively, in a preferred embodiment of the
22 invention, the third member includes a metallic-screen
23 hollow drum containing liquid toner and a squeegee blade
24 nrqed, ‘against the inner surface of the metallic-screen,
25 preferably also including a doctor blade in engadement with
26 the secqnd surface. Preferab_ly the metallic-screen hollow
27 dm, 'con‘taining liquid toner, and a squeegee blade form a
28 si.ngle disposable unit. . . B
29 Preferably the third member is an :.ntegral component
30 of the apparatus for supplying liquid toner.
31  In a preferred embodiment of the invention, the liquid
32 - toner supphed to the fi.rst transfer region includes toner
33 particles at a concentration comparable to that of the thin
34 layer. . R
35  In a preferred embodiment of the invention the
36 thickness of the thin layer 1is between 5 and 1S
37 wmicrometers. ‘
38 In an especially preferred embodiment of the invention
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1 the layer of liquid toner is crumbly in texture and almost
2 dry to the touch. Generally such a layer has a solids
3 concentration of more than 50 percent and a thickness of
4 between 2 and 8 micrometers.
S There is further provided, in a preferred embodiment
6 of the invention, imaging apparatus including:
7 a first member including a first surface having formed
8 thereon a latent electrostatic image, the latent
9 electrostatic image having image regions at a first voltage
10 and background regions at a second voltage;
11 a second member having a second surface and being
12 charged to a third voltage intermediate the first and
13 second voltages; :
14 means for resiliently urging the second surface
15 against the first surface at an interface region;
16 d means for supplying to the interface region 1liquid
17 toner comprising a high concentration of charged toner
18 particles in a oarrier liquid, whereby the latent image is
19 developed as the liquld toner is extruded between the first
20 and second nembers, and ] ]
21 --'neens tor transferring the developed toner image from
 22;the fxrst surface to a final substrate.
- 23 lThere' is turther provxded in a preferred embodiment
~ 24..of the inventxon, a liquid toner developer cartridge,
'nzsg:oonprising.-." ' - R
26 e housing, .
27 quantity of liquld toner ooncentrate within the

‘the liquid toner oonoentrate having a first

means - ‘for dispensing a thin layer of llquid toner
oonoentrate trom.tne housing,'whereby the thin layer has a

]:seoond oonoentretion of solids to liquia whion is greater
;athan the tirst ‘concentration. ' ‘ '

The tirst oonoentration is

preferably at a

-~ concentration of greeter than 25 percent and the second
‘concentration is crumbly in texture and almost dry to the

touch and has a solids concentratlon of greater than 40
percent, desxrably'more then 50 percent.
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4 In a preferred embodiment of the invention, the means
2 for dispensing' includes at least two rollers, the first
3 roller having a resilient surface and the second roller
4 having a solid surface. Preferably the two rollers are
°> electrified to different electrical potentials.
6
”
8
9

Preferably, the cartridge includes means for

concentrate remaining in the housing after the thin layer

of toner concentrate has been dispensed therefronm,
10 preferably including Capillary means for drawing off excess
11 liquid and a reservoir containing absorbent material for
12 storing the excess liquid. ' .
13 In a preferred embodiment of the invention, a portion
14 of the'dispensed layer is not removed fréh the cartridge
15 and the cartridge includes means for reclaiming and
16 dispersing the unremoved portion. '

17 . . wie o ¥y . JICH A LEN
18 - The present invention will be understood and
19 appreciated more fully from the following detailed

20 description, taken An conjunction with the drawings in

21 which: _ '
.22.._  _ Pig.
w z5Jf,ﬁ‘_,

imaging apparatus
ith a .preferred

29 developer assembly constructed and operated
"30'Qiﬁq:;.preterredembodinqntot\thegpresent‘i
" 31 Figs. 3B, 3C, 3D, 3E, 3F, :

, - 3' SRR WA~ A

32 f§f£§g9n§ ofiltornative.olhodinénta of developer assemblies

&’55"i$;bgﬁfaéféd and operated according to
”34”1n§;h£idn: o

'3§ : ‘,‘Pig. 4 is a schematic
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1 Fig. 6 1is a schematic diagram showing toner supply
2 apparatus 1in accordance with an alternative embodiment of
3 the present invention; and

4 Figs. 7oA. and 7B are schematic diagrams of an
5 alternative embodiment of a developer assembly constructed
6 and operated according to the present invention.

7 RETAILED Db ION OF PREFERRED BODIME

8 Reference 1is now made to Fig. 1 which illustrates
9 1imaging apparatus constructed and operative in accordance
10 with a preferred embodiment of the present invention.
11 The apparatus of Fig. 1 comprises a drum 10 arranged
122 for rotation in a direction generally indicated by arrow
13 14. Drum 10 preferably has a cylindrical photoconductive
14 surface 16 made of selenium, a selenium compound, an

15 organic photoconductor or any other suitable photoconductor
16 known in the art.

17 When the apparatus is dperated, drum 10 rotates and
18 photoconductive surface 16 is charged by a charger 18 to a
19 generally uniformly pre-determined voltage, typically on
20 the order of 1000 volts. Charger 18 may be any type of
21 charger Xknown in the art, such as a corotron, a scorotron
22 oOr a roller. | ‘ '

- 23 Continued - rotation of drum 10 brings Charged
24 photoconductive surface 16 into image'  receiving
25 relationship with an exposure means such as a'liqﬁt source
26 19,~which¢mmy'be a laser séanner (in the case of a printer)
27 or the .brojection of an original (in the case of a
28 phbtocopier)' . Light source 19 forms a desired latent image

. on. charged photoconductive surface 16 by selectively

‘discharging a portion of the’phétOconduétive'sﬁrfhéé, the
' image portions being at a first voltage and the background
- portions ate«a4sec6ndkvoltdge. -

The discharged portions
preferably have a voltage of less than about 100 volts.
Continued rotation of drum 10 Dbrings
photoconductive surface 16, bearing the electrostatic
latent image, into operative engagement with the surface 21
of a developer roller 22 which 1is part of déveloper
assembly 23, more fully described below with reference to

charged
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Figs. 3A through 3H. Developer roller 22 rotates in a direction opposite that of drum 10,
as shown by arrow 13, such that there is substantially zero relative motion between their
respective surfaces at the point of contact. Surface 21 of developer roller 22 is preferably
composed of a soft polyurethane material, preferably made more electrically conductive
by the inclusion of conducting additives, while developer roller 22 may be composed of
any suitable electrically conductive material. Alternatively, drum 10 may be formed of a
relatively resilient material, and in such case surface 21 of developer roller 22 may be

composed of either a rigid or a compliant material.

As described below, surface 21 1s coated with a very thin layer of concentrated
paste of liquid toner, preferably containing 15-35% charged toner particles, desirably
more than 25% solids. The layer 1s preferably between 5 and 30 um, more preferably
between 5 and 15 um, thick. Developer roller 22 itself is charged to a voltage that is
intermediate the voltage of the charged and discharged areas on photoconductive surface

16.

In a preterred embodiment of the invention, a concentrated form of liquid toner
such as the toner described in Example 1 of the U.S. Patent 4,794,651, is used although
other types of toner are usable in the invention. For colored toners the carbon black in

the preferred toner 1s replaced by colored pigments as 1s well known in the art.

When surface 21 of developer roller 22 bearing the layer of liquid toner
concentrate 1s engaged with photoconductive surface 16 of drum 10, the difference in
voltages between developer roller 22 and photoconductive surface 16 causes the selective
transter of the layer of toner particles to photoconductive surface 16, thereby developing
the desired latent image. Depending on the choice of toner charge polarity and the use of
a “‘write-white” or “‘write-black™ system, the layer of toner particles will be selectively

attracted to either the
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1 charged or discharged areas of photoconductive surface 16,
2 and the remaining portions of the toner layer will continue
3 to adhere to surface 21 of developer roller 22.
4 Because the transfer of the concentrated 1layer of
5 toner 1s much less mobility dependent than in normal
6 electrophoretic development, the process described above
7 occurs at a relatively high speed. Also, since the layer
8 already has a high density and viscosity, there is no need
9 to provide for metering devices, rigidizing rollers and the
10 like which would atherwise be necessary to remove excess
11 liquid from the developed image to attain the desired
12 density of toner particles of the developed image.
13 For multicolor systems, as shown in Fig. 2, a
14 plurality of developer rollers may be provided, one for
15 each color, which are sequentially engaged with
16 photoconductive surface 16 to develop sequentially produced
17 latent images.
18 - The latent image developed by means of the process
19 described above is then directly transferred to a desired
20 substrate in a manner well known in the art. Alternatively,
21.:as shown'in Fig. 1, there may be provided an intermediate
22 transfer member 40, which may be a drum or belt and which
23 is in operative engagement'with photoconductive surface 16
24 of drum 10 bearlng'the developed image. Intermediate
25"transfer‘member .40 rotates in a direction opposité to that
of ‘photoconductive snrface 16, as shown by arrow 43,

| providing substantially zero relatxve'notxon between their

respective 'surfaces at the point  of image transfer.
Internediate transf er nenber 40 is operative for receiving

’the toner imaga fron;photoconductive surface 16 and for

transferring the toner'image to a final substrate 42, such
‘as paper. Disposod.internally of intermediate transfer
“”nember' 40 thare may be provided a heater 45, to heat

intermediate transter"member 40 as is known in the art.
Transfer of the lmage to intermediate transfer member 40 is

preferably aided by ‘providing electrification of
intermediate transfer member 40 to provide an electric
field between intermediate transfer member 40 and the image

—_— . . . S— S—r—..
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areas of photoconductive surface 16. Intermediate transfer member 40 preferably has a

conducting layer 44 underlying an elastomer layer 46, which is preferably a slightly

conductive resilient polymeric layer.

Various types of intermediate transfer members are known and are described, for
example in U.S. Patent 4,684,238, PCT Publication WO 90/04216 and U.S. Patent
4,974,027.

Following the transfer of the toner image to substrate 42 or to intermediate
transfer member 40, photoconductive surface 16 engages a cleaning station 49, which
may be any conventional cleaning station. Scraper 56 completes the removal of any
residual toner which may not have been removed by cleaning station 49. A lamp 58 then
completes the cycle by removing any residual charge, characteristic of the previous

image, from photoconductive surface 16.

It 1s to be understood that, in a preferred embodiment of the invention, the liquid
toner concentrate which 1s transferred to a drum 10 has substantially the same toner
particle concentration as the image when it is transferred from drum 10. This is in
contrast to traditional liquid development where the liquid developer has a comparatively
low concentration of particles before development and where excess liquid is removed
from the image before transfer from the photoconductor. It is also in contrast to U.S.
Patent 4,504,138, in which the toner supplied to the drum (and which is transferred to the
drum) 1s more concentrated, but where excess liquid must still be removed from the
image betore the transfer to the final substrate. In a preferred embodiment of the present
Invention, the starting toning material is at a solids concentration substantially equal to
that of the image transferred from the drum. The toning material may be further
concentrated before contact with drum 10 or mechanical squeegeeing may be used to

tfurther increase the concentration during the process of transfer of toner to the drum.

Reference 1s now made to Fig. 3A which shows the
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construction and operation of a preferred developer
assembly 23A. Developer assembly 23A comprises a toner

dispenser 62 which dispenses liquid toner concentrate onto
the surface of a roller 64 arranged for rotation in a
direction indicated by arrow 68. Roller 64 is preferably

formed of metal and roller 21 is formed of a metal core

having a covering of an elastomer material, which 1is
preferably a slightly conductive resilient polymeric
material, as described for example, 1in U.S. Patent

3,959,574 or U.S. Patent 3,863,603. Roller 64 may have a

very thin coating of polymer material. As 1t rotates,
roller 64 is resiliently urged against surface 21 of
developer roller 22, by virtue of a spring 70, and a thin

layer of liquid toner concentrate is formed on surface 21
of developer roller 22. The thickness of the layer 1s a

function of the pressure applied and the hardness of the

surfaces.

Roller 64 may also be electrified by a D.C. source to
av01d deposxtlon of toner concentrate on roller 64. It may

further or alternatlvely be connected to an AC source,
which 1is operative to reduce somewhat the viscosity of the

toner concentrate and generally to cause the deposition of

a smoother layer on surface 21 of developer roller 22.

In a preferred embodlment of the invention, the liquid
toner is supplxed.at a pre-determined concentration, equal
to the concentratxon of toner partlcles necessary for the
desxred optlcal density of the final image. Supply of the

llquid toner concentrate at the

pre-determened

*'  ” concentrat1on obvzates the need for pumps, tanks, seneors
’ "”“and other costly apparatuS'whlch.would otherwise he ‘needed

38

m:in the event a dllute.solution of llquld concentrate is
, provided.‘

 In an alternetive embodiment, the lxquid toner is
supplied at a concentration less than that required for
optinal development of the latent 1mege. In such event,

' roller 64 wmay also functxon as a mechanical and electrical

“gsqueegee® roller, i.e. when urged against surface 21 of
developer roller 22, it mechanically removes excess toner

SUBSTITUTE SREET
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1 fluid from the layer impressed on surface 21, and when
2 charged with a suitable electric potential, it repels the
3 charged toner particles and causes them to more closely
4 adhere to surface 21. The excess fluid wnich has been
5 removed 1ls recovered for reuse. Applicants have found that
6 the solids content of the layer is mainly a function of the
7 wmechanical properties of the rollers and of the applied
8 voltages and pressures and is only slightly influenced by
9 the initial concentration for a considerable range of
10 1initial toner concentrations.
11 As described above, the layer of ligquid toner which is
12 deposited by means of roller 64 on surface 21 is
13 selectively transferred to photoconductive surface 16 in
14 the process of developing the latent image. In principle,
15 the system described above does not require that the
16 portions of the toner layer that have not been used in the
17 development of the latent image be removed from developer
18 roller 22 between cycles. However, in the event the toner
19 is of a type which becomes discharged by the electric
20 fields in the interface between the surfaces of developer
21 'roller' 22 and drum 10, a cleaning station 72 may be
221 provided, H,vhich.enay comprise a brush or comb or similar
25; apparatus,  to. remove the excess toner concentrate from
23 surface 21 of developer roller 22. The toner 8o removed may
25 then be pumped. back for reuse after mixture with fresh
| 26i toner,~wor nay . be:naxed'wlth the toner being fed into the
27_‘nip hetween developer roller 22 and roller 64.
28 mf'Referanca is now made to Figs. 3B through, 3H, which
29 ashow alternate enbodinents 2381through 23H, -of ~ deveioper
30 assenbly 23 in accordance with the invention. Figs. 3B
31 through 3H}are identical to Fig. 3A, except that in each
32 case roller 64 has been replaced by a different structure
“33,‘capab1e of supplying a thin layer of viscous toner
34 concentrate on developer roller 22. -
35 In Fig. 3B, roller 64 is replaced by a resilient blade
36 74, which may be.composed of the same material as roller 64
37 and.which is preferablyvelectrically biased to cause better
38 adhesien of the toner particles to surface 21 and better

SUBSTITUTE SHEET
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release from blade 74.

In Fig. 3C, roller 64 is replaced by a spring-mounted
wire-wrapped solid rod 65, and the coating of surface 21 is
accomplished by a "wire-rod" process as is well known in
the art. Rod 65 may also be electrically biased.

In Fig. 3D, roller 64 is replaced by a metallic-screen
drum 74 in which a squeegee blade 75 is mounted and which
1s urged against the inner surface of the metallic screen
74 near 1its point of contact with developer roller 22.
Liquid toner concentrate is supplied to the inside of drum
74 and 1s deposited on surface 21 through the screen when
drum 74 1s rotated together with roller 22. In a preferred
embodiment, the metallic-screen drum together with the
squeegee blade and a supply of liquid toner concentrate are
supplied as a disposable unit which is replaced when the
toner material is depleted. '

- Fig. JE shows a preferred alternative to the
disposable unit described. In the embodiment shown in Fig.
3E, toner concentrate is fed to metallic-screen drum 74
from a reservoir 80 by pump 82 via conduit 84 The pressure

@;of tne toner concentrate in drum 74 is kept substantially
  constant by pump 82. This pressure is not sufflcient to
. force: the toner concentrate through the screen over most of
r-xts surface. However during rotation of drum 74 the tip of

.squcegee blade 75 increases the pressure sufflclently to
ﬁeforce the concentrate through the holes to coat‘roller 22.

'Alternativcly, -as shown in Fig. 3F,

- a replaceable

fjpressurized containcr 86 of  toner- concentrate replaces
agrccervoir 80 and pump 82. In the' embodiments of Fig. 3E
;fand 3F, drum 74 is preterably ‘not removed'when the toner is

._replenxshed. ' . '
~ . In Fig. 3G, roller 64 is replaced by an extrusion
~ coating head 76, which dispenses the 1liquid toner

concentrate in a layer upon surface 21 of developer roller
22.

..Fig; '3H shows an alternative embodiment of the
- developer assembly in accordance with the invention. The
apparatus of Fig. 3H is similar to that of Fig. 3A, except
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,ﬁhphotoconductiva.surtace 16. In this embodinent,,ﬁhe desired
*7:inage is,, torned by the areas of toner concentrate which
 prcna1n on the surtace of developer roller 22 after the
i;developnont of photoconductxve surface. 16,
f'?-"{davclopor roller 22 and not drum 10 which is then' brought
,'1nto operative associatzon'with an  intermediate -‘transfer
- member
 fprint ot the dcsirod.inage.ialso shown in. Fiq. 5 is a pump
a 76 which is operative to pump back for reuse the toner
'pconcentrate wnicn ‘has been removed from photoconductive
"fsurtace 16 by cleanzng station 56 at the conclusion of the

W
N
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1 that the 1liquid toner concentrate is supplied to the
2 1interface between the surface of roller 64 and a doctor
3 blade 77. A thin layer of the toner concentrate is formed
4 on the surface of roller 64 which is then transferred in
5 the manner described above.
6 Reference is made to Fig. 4 which shows a cross-
7 sectional schematic view of an alternative embodiment of
8 the invention in which concentrated 1liquid toner is
9 supplied to an interface between a squeegee roller 120 and
10 drum 10 bearing a latent image. As in the previous
11 embodiments roller 120 and drum 10 are mechanically
12 resiliently urged together. The embodiment of Fig. 4
13 differs from the other.enbodiments in that afthin layer of
14 concentrated . material is formed by extrusion between the
15 squeegee roller and the drum as tney'rolletogether and are
16 urged against‘eachother;,As‘seen in Fig. 4 tne thin layer
17 immedietely separates into image portions which remain on
18 drum 10, and background portions which remain on roller
19 120. " ' ' , .
20 | Reference .is now‘made to Fig. 5 which shows another
21' enbod1nent ~of the apparatus in accordance with the
c_zzw'inventxon.m The apparatus of Fig. 5 is sinilar to that of
"23  Fig._ 1 exccpt -that. the apparatus is used for a “raversal“
'-24 ;deve1opnent ~on roller 22 by the latent image on

and- it is

(not . enown) or a final substrate so as to obtain a

Lnaging cycle..Any of the developer assemblies described

'above may also be used in the context of this embodiment.

Reference; 1s_'now made to Fig. 6, which shows an

SUBSTITUTE SHEET
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'is pushed in the direction of developer roller 22

' alternative
'_,accordance with a preferred embodiment of the invention. In
3 this cnbodxnent
gﬁdevelopor roller and associated elements)
. component ‘within the imaging apparatus itself, but rather

..takes the form of a replaceable cartridge 150 which can be
readily inserted into the casing of the ‘imaging apparatus

. toner . concentrate has been depleted. As shown
detail in Fig. 7B, cartridge 150 comprises a housing 152

toner

PCT/NL91/00243
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alternative embodiment of

- 14 -

a toner supply apparatus in
accordance with the invention. The apparatus of Fig. 6

comprises a housing 100 to which arms 108 and 110 are
attached. Arms 108 and 110 are adapted to be resiliently
urged against surface 21 of developer roller 22. Interior
to housing 100 is a piston-like platform 112 which is
spring-mounted on the base of housing 100. In operation,
housing 100 is filled with liquid toner concentrate which
by the
action of a spring 113 on platform 112. Arms 108 and 110
serve to contain the liquid toner concentrate from spilling
outward, and arm 110 further functions as a blade to meter
the deposition of the required amount of liquid toner on
surface 21 of developer roller 22. Arm 110 may also be
biased electrically as explained above. ,

| spring 113 may be replaced by a gas-
pressure ~apparatus which is operative to cause dispensing
of the liquid toner concentrate by propelling platform 112
in the direction of developer roller 22. .

- In another embodiment of the invention, housing 100
together with a supply of liquid toner concentrate and
roller 22 may be supplied as a disposable unit, being
replaced when the supply of liquid toner concentrate is
depleted., _ .

"Reference is now made to Figs. 7A and 78 which show'an
embodiment ~of3-developer assembly 23 in

Alternatively,

the developer - assembly .(including the

is not a fixed

(not shown) and removed therefrom when the supply of liquid
in greater

and an internal space 154 containing a supply of liquid

concentrate. In accordance with a preferred

embodiment of the invention, the liquid toner supplied with

SUBSTITUTE SHEET
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1 cartridge 150 contains a relatively high concentration of
2 charged toner particles, on the order of 30%, and carrier
3 1liquid. A movable platform 156 is mounted internally to the
4 base of housing 152 by a spring 158, which 1is at 1its
S maximum tension when space 154 is initially filled to its
6 capacity with 1liquid toner concentrate. The area 160
7 between housing 152 and movable platform 156 may be packed
8 with any suitable liquid-absorbing material, such as a
9 sponge. Platform 156 contains a network of tiny capillaries
10 162 through which excess liquid in space 154 may drip into
11 space 160 and be absorbed by the sponge~-like material
12 contained therein. .
13 Mounted within housing 152 is a roller 170 which is
14 composed of any'suitable electrically conducting material
15 and which has a surface composed of a soft‘polyurethane
16 'matefial, preferably made more electrically conductive by
17 the inclusion of conducting additives. In a preferred
18 emb0diment of the invention roller 170 has a small
19 diameter, desirably less than about 4 cm and preferably
20 about 2.25 cm. The surface of roller 170 prottudes somewhat
21 from the.openingjof.housing 152, such that when cartridge
22 .150’,is~installed in the imaging apparatus, the surface of
23 roller 170 contacts the photoconductive surface of drum 10.
24 ‘When the apparatus is activated, roller 170 is electrically
25 _charged and. iS‘Caused'tO'rotate in the direction ‘indicated
26 by arrow 171. As is more tully described below, a layer of
,27 dh1gh1y iconcentrated liquid toner is deposited on the
. 28 fsurface' of roller: 170 ‘which:then functions as a~~developer
29  rp11er “with ‘regard ‘to latent images formed on the
30 . photoconductive surface of drum 10, in a manner similar to
31 that described above with regard to other embodiments of
‘32 the invention. ‘ R -
33 In addition to roller 170, cartridge 150 comprises two
34 other rollers, 172 and 174, vwhich are mounted within
35 housing 152 such that the surface of roller 172 contacts
36 the surface of roller 170 at point 182 and the surface of
37 roller 174 contacts the surface of roller 172 at point 184.
18 Rollers 172 and 174 are composed of any suitable
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1 electrically conducting material. Roller 172 has a
2 diameter which is significantly smaller than that of roller
3 170. Thus, if roller 170 has a diameter'of 2.25 cm., roller
4 172 has a diameter of 1.5 cm.
S When cartridge 150 is installed and the imaging
6 apparatus is in operation, rollers 172 and 174 are
7 electrically charged and are caused to rotate in a
8 direction opposite that of roller 170 (as indicated by
9 arrows 173 and 175), while they are urged against the
10 resilient surface of roller 170.
11 It is a feature of this embodiment of the invention
12 that the layer deposited on roller 170 has a very high
13 solids concentration of preferably greater than about 40
14 percent and typically between 50 and 60 per cent when the
15 initial concentration of solids in space 154 is preferably
16 above 25% and typlcally about 30 per cent. Thls layer of
17 toner has been found to be almost dry to the touch, non-
18 flowing and crumbly in texture. It has also been.found that
19 the quality'~of the developed latent image 1is enhanced
20 greatly as a result, and no additional drying mechanism is
21  nceded when the image is transferred to ‘the final
22 s ubstrate._'Since 80 much ligquid has been removed.from the
23 layer . a: thxckness of 2-8 micrometers on 'roller 170 is
24 'suttlcient._. - -
25  Because of the relatively small diameters df rollers
m26t,170 and . 172, a relatively small force of up to 300 gm-
 etorco/cm of length, applxed at the: ‘line- of contact of

r;rollcrs 170 and 172 is sufticiont. For this force, if
  nogat1vo1y charqed toner particlcs are used,
,opreterabdy is charged to an electrical potential which is
ﬂ 150 voltS'more ‘positive than that of roller 172 and roller
t174 is charged to an.electrical'potential which is
,,voltsnore positxve than roller 170.

roller 170

250

It'will readily be seen that since interior space 154

““°f  hQUSing 152 is fllled'with.liquxd toner concentrate,
,when ,the apparatus is activated and rollers 170 and 172
rotate,

and 172 at
in the deposltlon of a

the interaction between roller 170

- point 182 results
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1 concentrated layer of liquid toner on the surface of roller
2 170. Then, as roller 170 continues to rotate, it functions
3 1in turn as a developer roller with regard to the latent-
4 image-bearing surface of drum 10, with portions of the
5 layer of the dry to the touch 1liquid toner concentrate
6 belng selectively transferred to the surface of drum 10,
7 thereby developing the latent image, as explained above
8 with regard to the other embodiments'of the invention. As
9 described above, because of the squeegee action of the
10 resilient surface of roller 170 at contact point 182, a
11 large proportion of the carrier liquid contained within the
12 toner concentrate is squeezed out as the layer of toner 1is
13 deposited on roller 170.
14 After portions of the layer of toner concentrate have
15 been ‘transferred to the surface of drum 10 to develop the
16 latent image, the remaining bortions of the toner layer on
17 roller 170 continue to rotate on the surface of roller 170
18 until they reach contact point 184 between roller 170 and
19 roller 174. Then, because of the relative electrical
20 potentials on roller 170 and roller 174, the remaining
21 portions of the toner layer are transferred to roller 174
22 at contact point 184. Downstream of contact point 184, a
23 re81llent blade 176 whlch is anchored to the internal wall
24 of .houslng'lsz, scrapes off the remaining portlons of the.
25 toner layer from the surface of roller 174. )
26 .Becguse the portxons of toner concentrate which are
27 scraped . off of roller 174 are dry and crumbly, they will
28 not disperse ‘easily within the liquid toner concentrate
2Q ﬁrcnain1ng in the cartridge. To “aid in the dispersion
30 .process, a pair-of oppositely turning teeth-bearing rods
31 178 and 180 are'mounted'withln housing 152, such that the
32 portions of ‘dry toner scraped off of roller 174 fall
.33' between them and are broken apart by the interaction of the
34 teeth on the rods. The turbulence caused by the rotational
35 movement of rods 178 and 180 also aid in the dispersion of
36 the drier portions of the toner within the solution of
37 toner concentrate. '
38

As the initial supply of toner concentrate contained
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1 within space 154 is gradually depleted in the process of
2 developing the latent image, the action of spring 158
3 causes platform 156 to push the mass of toner concentrate
4 within space 154 in the direction of contact point 182,
S until space 154 is virtually emptied of toner concentrate.
6 A seal 190 is also provided between housing 152 and roller
7 172, so as to ensure that liquid toner may not be released
8 from cartridge 150 except as a result of the interaction of
9 roller 170 and roller 172 at contact point 182.
10 As a consequence of the fact that a large proportion
11 of the carrier 1liquid contained within the toner
12 concentrate 1s squeegeed out when the layer of toner is
13 deposited on roller 170, the concentrate still remaining
14 within space 154 1is subject to an ongoing process of
15 dilution, as the concentrate is used up. Were this
16 dilution process allowed to'continue unchecked, 1t could
17 result in an unevenness in the liquid content of the toner
18 layers being deposited on roller'170 as ithe supply of
19 concentrate was being depleted. It is for this reason that
20 the area 160 between housing 152 and movable platform 156
21 is packed with a sponge-like material and platform 156 is
22 fitted with a network of tiny capillariés 162. Excess
23 carrier 1liquid in the toner concentrate generated by the
24 squeegee action of rollers 170 and 172 will drain through
25 these capillaries and be absorbed by the 3Sponge-like
26 material,. so that at any given time during the life-span of
27, the cart#idge,-theliquid coﬁtent of the toner concentrate
28 will remain substantially the same. .
29 ‘The developer assembly described with reference to
30: Figs{¢w1A~and 7B - may be easily adapted for use with the
31 embodiments of Figs. 1, 2, 4 and 5. |
32 - Although a variety of toners are suitable, a preferred
33 toner for the embodiments of Figs. 7A and 7B is made in the
34 following method:
35 compounding
36 36 grams of Picotoner 1278 (Hercules), a styrene
37 acrylate copolymer, is loaded on a Brabender two-roll mill
38 preheated to 160°C. 30 grams of Mogul-L (Cabot) carbon

\\\\
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1 within space 154 is gradually depleted in the process of
2 developing the latent image, the action of spring 158
3 causes platform 156 to push the mass of toner concentrate
4 within space 154 in the direction of contact point 182,
5 until space 154 is virtually emptied of toner concentrate.
6 A seal 190 is also provided between housing 152 and roller
7 172, so as to ensure that liquid toner may not be released
8 from cartridge 150 except as a result of the interaction of
9 roller 170 and roller 172 at contact point 182.
10 As a consequence of the fact that a large proportion
11 of the carrier 1ligquid contained within the toner
12 concentrate 1is squeegeed out when the layer of toner is
13 deposited on roller 170, the concentrate still remaining
14 within space 154 is subject to an ongoing process of
15 dilution, as the concentrate is used up. Were this
16 dilution process allowed to continue unchecked, it could
17 result in an unevenness in the liquid content of the toner
18 layers being deposited on roller 170 as the supply of
19 concentrate was being depleted. It is for this reason that
20 the area 160 between housing 152 and movable platform 156
21 is packed with a sponge-like material and platform 156 1is
22 fitted with a network of tiny capillaries 162. Excess
23 carrier 1liquid in the toner concentrate generated by the
24 sqgueegee action of rollers 170 and 172 will drain through
25 these capillaries and be absorbed by the sponge-like
26 material, so that at any given time during the life-span of
27 'the cartridge, the liquid content of the toner concentrate
28 will remain substantially the same. ’
29 The developer assembly described with reference to
30 Figs. 7A and 7B may be easily adapted for use with the
31 embodiments of Figs. 1, 2, 4 and 5. |
32 Although a variety of toners are suitable, a preferred
33 toner for the embodiments of Figs. 7A and 7B is made in the
34 following method:
35 Compounding
36 36 grams of Picotoner 1278 (Hercules), a styrene
37 acrylate copolymer, is loaded on a Brabender two-roll mill
38 preheated to 160°C. 30 grams of Mogul-L (Cabot) carbon.
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black are added in small amounts during a period of about

10 minutes while working of the material is continued. 84

grams of Iotec 8030 (EXXON), an acrylic acid ethylene
copolymer  partial sodium salt, is added during 10
additional minutes of compounding. The material is

discharged and after it is cooled to room temperature it is
shredded in a granulator and then cryogenically ground in a

Retsch centrifugal mill. The resulting.material is used 1in
the size reduction step.

S Reduct j

570 grams of powdered material produced by the
compounding step is loaded, together with 1330 grams of
Norpar-13 (EXXON) 1in a Union Process size 1S attritor

filled with 3/16" carbon steel balls. The material is
ground at 20°C and 200 RPM for 16 hours to a median
dianeter of 2.6 microns as measured by a Shimadzu particle
size analyzer. The resulting material is screened through a
300 micrometer sieve to remove large particlés.

The resulting toner concentrate is chargéd with charge
director as is known in the art. A variety of charge
directors known in the art are operative in this embodiment

"of the invention. A preferred charge director is Lubrizol

890'(Lnbr1201 cOrppration).
~ Alternatively, the carrier 1ligquid is at least
partially replaced by a grease or petrolatum. This material

has a'hlgh viscosity and is thixotroplc, thereby reducing
leaks.

It will be apprecxated by persona skilled in the art

-~5that the present invention is not: limited to what has been
‘particularly shown and describednherelnabove.:Rather,

the
scope of the present invention is defined only by the

- ‘claims that follow: :
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CLAIMS

1. Imaging apparatus comprising:

a first member (10) having a first surface (16) having formed thereon a latent
electrostatic image. the latent electrostatic 1mage including image regions at a first

voltage and background regions at a second voltage;

a second member (22) charged to a third voltage intermediate the first and
second voltages and having a second surface (21) adapted for operative engagement

with the first surface at a first, development, region;

a third member (64) resiliently urged against the second surface at a second

region;

means for supplying (62) liquid toner comprising charged toner particles and
carrier liquid to the second region, thereby torming on the second surface a thin layer

of liquid toner containing a concentration of charged toner particles greater than

15%:

means for developing the latent image by the selective transfer of portions of
the layer of liquid toner from the second surface to the first surface at the first region

to form a developed image on the first member; and

means for transterring (40) the developed image from the first member to a

final substrate.
2. Imaging apparatus comprising:

a first member (10) including a first surtace (16) having formed thereon a
latent electrostatic image, the latent electrostatic image having image regions at a first

voltage and background regions at a second voltage;

a second member (22) charged to a third voltage intermediate the first and
second voltages and having a second surface (21) adapted for resilient engagement

with the first surface;

a third member (64) adapted for depositing on the surface of the second

member a thin layer of liquid toner containing a concentration of charged toner

particles greater than 15%;



10

[5

20

30

CA 02113169 2002-07-18

means for obtaining a desired image by selectively transferring portions of the
layer of liquid toner from the surface of the second member to the photoconductive
surface of the first member, the portions remaining on the surface of the second

member constituting the desired image; and
means for transterring the desired image to a final substrate.

3. Imaging apparatus according to claim 1 wherein the liquid toner supplied to

the second region comprises less than 35% charged toner particles.

-+ Imaging apparatus according to claim 1 wherein the concentration of toner
particles in the liquid toner supplied to the second region is substantially the same as

in the thin layer of liquid toner.

. Imaging apparatus according to claim 1 or claim 3 wherein the concentration
of toner particles in the liquid toner supplied to the second region is substantially less

than 1n the thin layer of liquid toner.

6. Imaging apparatus according to any ot claims 1 to 5 wherein the thin layer of

liquid toner comprises more than 20% charged toner particles.

7. Imaging apparatus according to any of claims 1 to 6 wherein the layer of

liquid toner 1s crumbly in texture and almost dry to the touch.

8. Imaging apparatus according to any of claims 1 to 7 wherein the thin layer of

liquid toner has a concentration of toner particles greater than 40 per cent.

9. Imaging apparatus according to claim 8 wherein the thin layer of liquid toner

has a concentration of toner particles greater than 50 per cent.

/ﬁ,

10. Imaging apparatus according to claim 3 or 6 wherein the concentration of
toner particles in the liquid toner supplied to the second region 1s substantially the

same as in the thin layer of liquid toner.

11. Imaging apparatus according to any of claims | to 6 or 10 wherein the layer of

liquid toner comprises less than 35% charged toner particles.

12. Imaging apparatus according to any of claims 1 to 9 or 10 wherein the layer of

liquid toner has a thickness between 2 and 8 micrometers.

13. Imaging apparatus according to any of claims 1 to 6, 10 or 11 wherein the thin

layer has a thickness between 5 and 15 micrometers.
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14.  Imaging apparatus according to any of claims | to 13 wherein at least one of

the first and second surtaces is formed of a resilient material.

15.  Imaging apparatus according to any of claims 1 to 14 wherein the third

member is a roller with an elastomer surtace.

16.  Imaging apparatus according to any of claims 1 to 6 10, 11 or 13 wherein the

third member 1s a resilient blade.

17.  Imaging apparatus according to any of claims 1 to 6, 10, 11 or 13 wherein the

third member 1s a spring-mounted wire-wrapped solid rod.

18.  Imaging apparatus according to any of claims [-6, 10, 11 or 13 wherein the
third member comprises a metallic-screen hollow drum containing liquid toner and a

squeegee blade urged against the inner surface of the metallic-screen.

19. Imaging apparatus according to any of claims 1-6, 10, 11 or 13 including a

doctor blade in engagement with the second surface.

20.  Imaging apparatus according to any of claims 1 to 19 wherein the third

member 1s an integral component of the means for supplying liquid toner.

21. Imaging apparatus according to claim 18 wherein the metallic-screen hollow

drum containing liquid toner and a squeegee blade torm a single disposable unit.

22.  Imaging apparatus according to claam 1 wherein the third member and the

means for supplying liquid toner torm a single disposable unit.

23.  Imaging apparatus according to any of claims 1 to 22 wherein the thin layer is
of sufficient thickness to substantially fill the space between the first and second

members.
24.  Animaging method comprising the steps of:

forming a latent electrostatic 1mage including image regions at a first voltage

and background regions at a second voltage on a first surface of a first member;

charging a second member having a second surface adapted for operative
engagement with the first surface at a first. development, region to a third voltage

intermediate the first and second voltages;

resiliently urging a third member against the second surface at a second

region;
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supplying liquid toner comprising charged toner particles and carrier liquid to
the second region and forming a thin layer of liquid toner containing a concentration

of charged toner particles greater than 15% on the second surface;

developing the latent image by the selective transfer of portions of the layer
of liquid toner from the second surface to the first surface at the first region to form a

developed 1image on the first member; and
transferring the developed image from the first member to a final substrate.
25.  Animaging method comprising the steps of:

forming a latent electrostatic 1mage including image regions at a first voltage

and background regtons at a second voltage on a first surface of a first member;

charging a second surface of a second member to a third voltage intermediate

the first and second voltages:
resiliently urging the second surface against the first surface;

depositing on the surface of the second member a thin layer of liquid toner

containing a concentration of charged toner particles greater than 15%;

forming a desired 1image by selectively transferring portions of the layer of
liquid toner from the surface of the second member to the first surface of the first

member, the portions remaining on the surface of the second member constituting the

desired image; and
transferring the desired image to a final substrate.--

26. A method according to claim 24 or claim 25 wherein the liquid toner supplied

to the second region comprises less than 35% charged toner particles.

27. A method according to claim 24 or claim 25 wherein the concentration of
toner particles 1n the liquid toner supplied to the second region 1s substantially the

same as in the thin layer of liquid toner.

28. A method according to claim 24 or claim 25 wherein the concentration of
toner particles 1in the liquid toner supplied to the second region 1s substantially less

than 1n the thin layer of hiquid toner.

29. A method according to any of claims 24 to 28 wherein the thin layer of liquid

toner comprises more than 20% charged toner particles.
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30. A method according to any of claims 24 to 29 wherein the layer of liquid toner

1s crumbly 1n texture and almost dry to the touch.

31. A method according to any of claims 24 to 30 wherein the thin layer of liquid

toner has a concentration of toner particles greater than 40 per cent.

32. A method according to claim 31 wherein the thin layer of liquid toner has a

concentration of toner particles greater than 50 per cent.

33. A method according to any of claims 24 to 32 wherein the layer of liquid toner

has a thickness between 2 and 8 micrometers.

34, A method according to claim 33 wherein the thin layer has a thickness

between 5 and 15 micrometers.

35. A method according to any of claims 24 to 32 wherein at least one of the first

and second surfaces 1s formed of a resilient material.

36. A method according to any of claims 24 to 35 wherein the thin layer 1s of

sufficient thickness to substantially fill a space between the first and second surfaces.

----------------------------------------------------
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