1 INPRCMED LATENT | MAGE DEVELOPMENT APPARATUS 2

Fl ELD OF THE | NVENTI ON 3 The present invention relates to devel opnent
apparatus 4 in general and, nmore particularly, to |atent image 5

devel opnment apparatus in electrophotogrgphlc i magi ng 6 systens.
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19 developing of a latent image is described. This patent
20 describes applying a thin viscous high density layer of
21 toner particles on the circumferential surface of a roller
22 and bringing the layer so formed to the photoconductive
23 surface. Transfer of selected portions of the toner .layer
24 onto the photoconductive surface -then occurs due to the
25 electric field induced by the latent image.
26 In Canadian Patent 990589, a method of dewveloping
27 electrostatic images is described which involves producing
28 a film of liquid toner on a first applicator and bringing
29 the applicator in contact with the final substrate which
30 carries a latent image, thereby to develop the image. A
31 second applicator bearing a layer of carrier liquid is then
32 brought into contact with the substrate to remove
33 background deposits and to squeegee out excess liquid. The
34 film of liquid toner described in Canadian Patent 990589
35 has between 2 - 4 per cent of toner concentrate dispersed

36 within the carrier liquid.
37 A latent image development apparatus described in U.S.
38 Patent No. 4,327,664 includes a porous, resilient sponge,



-2- 1 devel opnent roller which is circunferentially surrounded by 2 a net
;0f fine mesh size. The developer roller is urged 3 against the |atent

i mge carrying surface of a drumand 4 liquid toner, which is carried in
the roller |s squeezed 5 out of the cpnpressed sponge through the fine
net. Toner 6 particles which are contdfned in the liquid toner are 7
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27 28 2?2 %Re &evgaoggeﬂ¥lrgiler surface may move in the same
13 direction as the photoreceptor surface or in the opposite
14 direction.
15 Most of the above mentioned apparatus, as well as many
16 other techniques which are known in the art, are concerned
17 with producing a layer of toner on the surface of a
18 developing roller and transferring the entire thickness of
19 the layer to image of a latent image on an image bearing
20 substrate. For such systems, the uniformity of the layer
21 thickness is important, since this thickness determines the
22 density of the image. Normally, it is very difficult to
23 control the uniformity of the developing layer even by
24 expensive and complicated means, especially when the layer
25 thickness is generally a function of the previous imaging
26 history of the apparatus.
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-3- 1 SUMVARY OF THE | NVENTION 2 It is an object of
the present invention to provide 3 sinplified apparatus for the

devel opnent of latent inages 4 in el ectrophotographic inmaging systens by
transfer of 5 concentrated liquid toner, wherein the optical density of 6
toner in the toned regions of the final 3image is 7 substantially uniform
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19 According'to one aspect of the invention, the
20 developer is electrified to a voltage which is intermediate
21 the first and second voltages. In a preferred embodiment of
22 the invention, the developer voltage is selected to cause
23 only a portion of the layer thickness to transfer to the
24 image areas of the latent image. The present inventors have
25 found that when the developer voltage is properly chosen,
26 the density of toner particles per unit area (DMA) is less
27 strongly dependent on the thickness of the toner
28 concentrate layer on the developer roller or on the layer's
29 solids concentration. Thus, even if the thickness of the
30 layer on the developer roller varies by an unacceptable
31 amount, the non-uniformity of the layer transferred to the
32 image forming surface is improved at least by a factor of
33 two. )
34 In a second aspect of the invention, the thickness
35 uniformity of the toner concentrate layer on the developer
36 is improved by supplying the toner concentrate preferably
37 from a sponge roller which is urged against the developer
38 roller and which travels at a different speed from that of



-4- 1 the developer roller at the point of contact between the 2 two
tkollers. Increased uniformty results even if the toner 3 concentrate
remai ni ng on the devel oper roller is not 4 renoved fromthe roller before
application of a newlayer 5 of toneL gopncentrate. Wen the applicator
roller and _ 6 devel oper rollers_nove at the sane speed at the point of 7
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pref er abl $8ai ded Hn Pnel prefrxvedc embodimgnd of the invention, the
19 developer roller is coated by developing thereon a layer of
20 toner particles by electrophoresis from liquid toner using
21 a stationary plate type developer. '
22 Preferably, the coating step is followed by
23 squeegeeing the layer on the developer roller with a
24 squeegee roller at a high voltage and with high pressure in
25 order to remove a large portion of the liquid therein,
26 before transfer of all or a portion of the resultant
27 thickness of the layer to the image forming surface.
28 Further, material remaining on the developer roller
29 after development of the latent image is preferably removed
30 in a cleaning step before the recoating of the developer
31 roller.
32 In a preferred embodiment of the invention, the
33 developer roller may be cleaned by a tandem roller system
34 in which a first, biased'sqdeegee, roller removes the toner
35 particles from the developer roller by electrostatic
36 transfer. A second, sponge cleaning, roller removes the
37 toner particles from the biased squeegee roller by
38 abrasion, preferably aided by an electrostatic field. The



-5- 1 toner is renoved fromthe sponge roller by a blade which 2 indents
the surface of the sponge and scrapes the material 3 which is extruded
away. Preferably, one or both of the 4 squeegee-devel oper or

. squeegee-sponge surfaces is wetted by 5 a cleaning liquid or dilute toner
- to aid in transfer and 6 renoval of tHe toner particles. The toner so
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30 suitabhg pRekagonductor known in the art. 31 EUrlng operation, drum -
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18 developer assembly constructed and operated in accordance
19 with a preferred'embodiment of the present invention.
20 Fig. 3 is a schematic diagram of a developer assembly
21 illustrating an alternative cleaning system in accordance
22 with a preferred embodiment of the invention.
23 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
24 Reference is made to Figs. 1 and 2 which illustrate
25 imaging apparatus constructed and operative in accordance
26 with a preferred embodiment of the present invention.
27 The apparatus includes a drum lo'preferably having a
28 cylindrical photoreceptor surface 16 made of selenium, a

29 selenium compound, an organic photoconductor or any other
30 suitable photoconductor known in the art.

31 During operation, drum 10 rotates in the direction
32 indicated by arrow 13 and photoreceptor surface 16 is
33 charged by a charger 18 to a generally uniformly
34 predetermined voltage, typically on the order of 1000
35 volts. Charger 18 may be any type of charger known in the
36 art, such as a corotron, a scorotron or a roller.

37 Continued rotation of drum 10 brings charged
38 photoreceptor surface 16 into image receiving relationship



-6- 1 witn an exposure device such as a light source 19, which 2 may be a
kFaser scanner (in the case of a printer) or the 3 projection of an
original (in the case of a photocopier). 4 Light source 19 fornms a desired
| at ent i mage on charged 5 photorecept ¢ surface 16 by selectively
discharging 6 portion of thg@wpotorece tor surface, the inmage portlons
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vol t age. Tﬁemdys«ﬁmrgjelhgert scammuxef(etmbtueheaeeaoﬂ & i pgeeel) loassth@an

bout 100 an drum 10_.bri nas .t he

Selogctlvel yob%§j gfg'é’ed rgggg%“?&aii#aé elé:?u%?oogpgr ?’P\F@cc"(ﬁﬁ%ﬁ 12
engagenent4wﬁibh$sﬂpﬂage 29(ﬁonmﬂeaeﬂegﬂradﬂleteaz im&géboalcpargedler
22 preferagl ynott&Septor #agta of6! By %eiaétcwefgglﬁgjes%n%#gi

arrow 13, such that there is su stantlal y zero re etmeen
their respéc??F@ QRSQﬁw?%EeEhQFQHQQﬂRﬁ?E sprfaqenctthectBaggepordiians 22

is 17 nosy néehgrahﬂ >a mm a@@laagedanal e ﬂé’ck%roﬁﬁdoﬁér%m gt g Of

w the prer & appgnd; v8itager ) dne dgihasand Rer ians, PRRERIRRIY §=C°"’“ .
har dness leoltagefefahh;sZ&héﬁ abbuanaoenbednmant of the invention,
Lolerr] ebd 0] er EoRRANEN Hafys ok SEodrim, 10 brinad EhS me bﬁe%? lis
ei t her cobkkreharged phatorpcepran asusfsce alyinriotm opexakiveyconttacy or
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conduct i viS SupdieaPibiig’etotEbl e mii B BcuRen RIS nestiactive o
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preferably7 *@g P?%Q£§5F% 8%8[5§§k“9Q %5 Al ternatively, drum

10 may be forne are resil1ent naterlal and surface 21
" may be co¥osed o¥n3?nélFM9°Q¥W¢@Fd°6rtb@nﬂPNﬁﬂt#ﬁR&w¢%Y31QBer roider

descri bediperpW sSEsine@ withSacmatald Wbkl 2oated with, preferably, 1-2

"7 20 mm of a soft elastomer material having a Shore A hardness
21 of preferably 20-40. In one embodiment of the invention,
22 this coating-is'made conductive, preferably, to a
23 resistivity between 105 and 107 ohm-cm. In this embodiment,
24 the conductive layer is either covered with a smooth
25 elastomer layer or is formed by casting or other process to
26 have a smooth surface, preferably better than N3.
27 In a second embodiment of the invention, the soft
28 elastomer material, which may be non-conductive, is coated
29 with a very thin electroconductive layer, such as for
30 example a metal or'c0nducting lacquer layer, which is
31 electrically attached to the metal core. This conductive
32 layer is preferably covered by a thin (preferably 15 to 60
33 micrometer) layer of conducting polymer hawving a
34 resistivity, preferably, between 107 to 109 ohm-cm.
35 Alternatively, drum 10 may be formed of a relatively
36 resilient material, and surface 21 may be composed of
37 either a rigid or compliant material.
38 As described below, surface 21 is coated with a thin



1 layer of liquid toner, which is preferably very highly 2 concentrated
Liquid toner. Developer roller 22 itself is 3 charged to a voltage which
' is internmediate the voltage of 4 the charged and di scharged areas on

. photoreceptor surface 5 16. 6 When surface 21 bearing the | ayer of

. liquid toner 7 concentrate is engaged Vi th phot oreceptor surface 16 of 8
- drum 10, tht Haflkear enfeliguiad etbhek , bainviben dev z@ﬁéraalwld@f 2RiyHh

: t
surface 10 SUSRRGIRLEEELNCILEAN Yorils | Mo dlcbRieTo i dnee E%SH%? % .
choi ce of t%n@haé’geﬂgéio B vyl tage ywhicht he Untexrmexdiatet thahvbdtage of

“write-bl aCK thd3ch%tged Fhd WVEcha a
14 will g ctf:vel y attracted to gégﬁeri%h (rﬁ' ﬂg%é%géc%gggl scq%ﬁége
areas of sug ge 16, and the remaining portions 16 of the toner layer wl|

cont i nue to6adher ewhe:stﬁdﬁfecél 21 lHearin@eknéi Qdiyb A 0HET lﬁ%{‘& tody

id I t d
oroforred TCRRBBAATATS ofs: AROREELE L hiBhP FBReCRRIAF | SUFFARRe 18 020

any el ectr ophdremi 105ndthaecddtfiagmenbic E.ﬁlﬂ&ioﬁénthﬁll ayetwe%tthieﬁeloper
control |l abl N,gf SSg | 0 e areas
of the Iatéﬁt£§%%#g g? sbb %ﬁ#l f? éauégg %ﬁﬁ%ﬁ ﬁtP éi?
the layer %91%?¥?§e9§lﬁﬁéﬁr Pﬁn§¥Q&§§3t02§hrfaC¢nlén aheeebxtdeveloping
especi al | ylprﬂi@r ISéen%miﬁl@g@”tDéBenéﬁhg hgn| Qﬁ‘é”@h@lcé hSe V{?&ﬁége?ﬁxearge

di fferenc en.the i ortion llatent image a
devel oper e]r% aFétYZ@'\E&R Qfv & ué’ra'itt%m‘t’b-ﬁtﬁnl Prpamriterhdack”
t hi ckness X8 sﬁﬁtéineabolmromrwﬂnthét aﬂtayamé SléfréﬂSBQr L %&i‘ﬁ@cl@%

flﬁ:/glk(r)lggg f*ﬁ Ia er jhgﬁgggé'%tqﬂi ?nggd:teo‘g %ﬁf}lg ﬁa?h?yci’r?ﬁgl%dcﬁé‘r ge

per unit \hﬂlﬂ#ﬁ?hﬂtgnd apgas aﬁdsyﬁfadepémwsand;mhélgémhynmngtberbmbﬂs
Lhi ckness 1§ S©I4S coes OTep0E r@iif“cn?ﬁtiﬂ&?'%eédh@ Srayilehtel 35 .| VET
on the 35 devel oper er 1s not unitorm | ayer Transterre

the i mage M eas hdhep ykiqeid, tRpesnbhavins 2 mﬁmrhﬁgmc@pcewrauénm Df-

38 Thil8 pheDa@ERNOati Sd@eeh%ﬁeﬁlte 18 WWedO |H¥ 4% the preferred

81 e e g §imdntY (P%iS SRBLLES LSSl he (e 15 11ttle 1t
20 any electrophoresis and the entire thickness of the layer
21 or a controllable portion of the thickness is transferred
22 to the image areas of the latent image at substantially the
23 same toner concentration as the layer on the developer
24 surface. :
25 In an alternative, especially preferred, embodiment of
26 the invention, the voltage difference between the image
27 portions of the latent image and the developer roller is
28 reduced to a value at which only part of the thickness of
29 the toner concentrate layer is transferred from the
30 developef roller to the image portions of the latent image.
31 The thickness of the layer that is transferred depends
32 mainly on the charge per unit volume in the_layer'and
33 depends only slightly on the local thickness or solids
34 concentration of the layer. Thus, even if the layer on the
35 developer roller is not uniform, the layer transferred to
36 the image areas has a uniform DMA and thus a uniform
37 optical density.
38 This phenomenon is probably due to the following



2 concentrate | ayer between the devel opnent roller and the 3 inmage areas
on the image formng surface, an electric field 4 between the two surfaces
is generated. This field is 5 strongest at the imge-form ng surface and
is reduced by 6 the charge in the layer, at points within the |ayer

itself. 7 Wien a high voltage is applied to the toner concentrate 8
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a concent 18t toneaf Iﬁyéﬁmbeinmrtpamsfetfedomo the image-forming surface
19 and part remaining on the developer roller. The amount of
20 solids which is transferred is dependent only on the charge
21 per unit mass in the layer and is not a strong function of
22 the layer thickness or the exact concentration of toner
23 particles in the layer. Thus, development system of the
24 present invention is seen to be substantially less
25 sensitive to variations in application parameters which are
26 difficult to control.
27 Furthermore, since the DMA is basically directly -
28 proportional to the voltage difference applied, the DMA can
29 be easily controlled by changing this wvoltage. 1In
30 particular, in a preferred embodiment of the invention, a
31 sensor 100, as known in the art, is placed on the image
32 forming surface downstream of the development region to
33 measure the optical density of the image (and hence the
34 DMA).
35 The measured value of optical density is then supplied
36 to control electronics 102 which is operative to control a
37 power supply 104 which supplies voltage to developer roller
38 22.



3 the devel oper layer at a DVA of 0.2 ngmicnferr] (with 4 variations of
bet ween about 0.17 and 0.25 ngmcnferr]), the 5 transferred |ayer wll

. preferably be about 0.15 ngnmicnierr] 6 with worst case variations of |ess
. than 10% 7 In this situation a voltage difference between the 8

. image portion and the devel oper roller 8f=500-600 volts 9 will result in

. conpl ete transfer Dfl }t:he I;ﬂrlyefeﬁ@d elﬁqulg wonége ol f%l%emﬁﬁéﬁt%fl@h“&@"
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mat er i al s & BFogess fireeth Q& QP MRS practice of the invention for the
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i d d val ' 33
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engaged wi_th phot oreceptor surtace sequenti Y- pr
| atent i mkde@pproximately 20 (i.e. a difference of 1yp-to1:¥20% in toner

pr ef err ed 18T agiete Perdfi t bt IS ardas ¥ oF SO EGpEY &lrface

appllcatoigaiiemgQ/é£H¥g &égajng§cgggggb¥artial development, to a non-
20 uniformity of substantially less than *10% on the image
21 portions of the latent image on photoreceptor surface 16.
22 For lower initial non-uniformities, for example +5%, the
23 non-uniformities are reduced to the 1-2% range. '
24 This process results in an image of more uniform
25 density and is especially useful for half-tone imaging in
26 which the image density is to be controlled by the
27 percentage of area to be printed.
28 Other liquid toner concentrations, as high as 40-50%,
29 with the preferred or other toner materials, can also be
30 used in the practice of the invention for the layer on the

31 developer. For these other toners, other concentrations or
32 for different process speeds, the exact required voltage is
33 determined by experimentation. i

34 For multicolor systems, a plurality of developer
35 rollers may be provided; one for each color, spaced
36 circumferentially around the photoreceptor which are
37 sequentially engaged with photoreceptor surface 16 to
38 develop sequentially-produced latent images.



3 reference nuneral 23. 4 Applicator assenbly 23 includes a toner

di spenser 62 5 which can be visualized as having the shape of a flute, 6
~i.e. acylindrical tube having a plurality of holes at 7 different

. locations along its |ongitudinal dinmension, 8 through which Iiquid toner

- is dispensed onto the surface 64 9 eflan-applicator roller 65. Applicator

65 is pref rably 0_,f core 6 ove h are t|v
t hi ck 11 5& ggre5| |enFE§8§%q&§q qéi %%%3%#£°g00ﬁ°2 er1
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Preferabl y3 fdfatathke 'Rehétayisy,. of the 14 polyurethane (w thout the
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to fill the cells.__27 Mst of, the toner dispensed fron1d|s ense
rapidly 1a¥erved 8f Paf@ﬁ#%?%ﬁtaﬁﬁﬁﬁﬁﬁﬁﬁ rEPaBy ( 59°Gﬂﬁ94§5“99 as
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cont ai ner. . 35 known jn the art | S pur pose,
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For 'rousd? Fotd SR W Bnds. of 6958 Mnof che present | nvention
19 As can be seen in Fig. 2, dispenser 62 is preferably
20 forced into applicator roller 65 such that a depression is
21 formed in the outer portion of applicator roller 65,
22 thereby deforming surface 64. The continuous deformation of
23 surface 64 and compression of layer 68 is operative to 6pen
24 cells of layer 68 which may occasionally clog during the
25 operation of developer assembly 23 and the successive

26 release of the deformation is operative to fill the cells.
27 Most of the toner dispensed from dispenser 62 is rapidly
28 absorbed by layer 68 of applicator roller 65, and is
29 homogeneously distributed within layer 68 due to the spongy
30 open-cell structure of the layer and the deformation of the
31 roller. The necessary pressure for dispensing the toner is
32 preferably supplied by a small pump (not shown) which:pumps
33 the toner from a toner container (not shown) at a preset
34 pressure. Any suitable pump and any suitable container
35 known in the art may be used for this purpose, as well as
36 any othgr suitable means for providing the desired toner

37 pressuré (such as a pressured tank containing the desired
38 liquid toner). Preferably, surplus toner unabsorbed by



3 devel oper roller 22 and applicator roller 65 rotate in the 4 sane
rotational direction (indicated by arrows 13 and 70 in 5 Fig. 2,
respectively), such that their surfaces nove in 6 opposite directions. In
this enbodi nent, applicator roller 7 65 _is operative to scrub surface 21
and to renove the 8 residual toner (mhléﬂ'nornally remains after the

sel ective 91t Lagekeb68ofrettmrtis tto e awntfinen for freesdl while 10
appl yi ng a gew, ho r h £5 fa
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action and i.f toner_ 16 renai ning on_the devel oper | er after devel opnment
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be uneven, @i bppuRite m%ewﬂdﬁs OnNEn Em*shema&mehlte Hppglieatowi £6ller
remai Nns on zhg d veIoB Iertafter 20 deve o ah | nege I S {ﬁhly
concentr at ed, andHo? ?fae Y‘Fy Pefted® & zi‘ 9]” %@ng’é POV 1'E
used for 228ckesddngl $@narrﬂﬂhiahchmmmp&kgrfemeiﬁs aZ¥er thersebective
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contact at surtace ner e resi du toner 1S Scrape
surf ace 2119yaPDé-Y261§)p%nn§€’1:I @Qﬂogeneaer@,wom favere %@ub‘s'bantstarface

rel atlv$2211nat1le%h nele@tﬁmasmgf am@nédbb.qﬁ@émw gﬁ?'&eﬁr@fe&gred
spring i e relati n rio ace en e
scraped to?é)rJ f“&g‘?‘%af“&qﬁgw b? srﬂg:'x‘ggem’%\f?ﬁi%ﬁ ng\ﬁzt%ﬂﬁga%é?rlgéd%
surface 6413apde&elrramg,eruppnsoﬁimht¢&y @f -+t Gerimesgneaters dwhisac eclt asf
t he surfacii §§F ge at divergence line 76. 33 Roller 65 is

pref erabl y~el b a D.C. source, 34 to a different voltage than
t hat of sulbace 21In|¢h§wﬁhsemc35°fn&bds aa;nhh#nmrecttonremﬁeﬁfc#omener

particles ;sommmhbebnﬁiﬂé) Méf&feelmlias Q@ééh:'cabv%@pﬁén

the 37 surfaces I's opérative nore to sque ee and enlze t he 38 %P Iled
| ayer of tdheimagR rAsnTegoxndy the r°’bfthe dévefopment ro
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0 development of the image is highly concentrated, and not
21 easily removed, especially if a sponge roller is used for
22 cleaning, sb as not to damage surface 21.
23 For the preferred scrubbing type application, as
24 surfaces 21 and 64 merge into contact at surface merge line
25 74, the residual toner is scraped off surface 21 by the
26 open cells of surface 64, due to the substantial relative
27 motion between the surfaces and the pressure applied by
28 spring 72. During the relatively long period of surface
29 engagement, the scraped toner is indistinguishably mixed
30 with the new toner carriéd by sﬁrface 64, and a homogeneous
‘31 layer of toner remains on surface 21 as the surfaces
32 disengage at divergence line 76.
33 Roller 65 is preferably.electrified by a D.C. source,
34 to a different voltage than that of surface 21, in order to
35 induce electrophoretic transfer of toner particles from
36 roller 65 to surface 21. The physical contact between the
37 surfaces is operative more to squeegee and homogenize the
38 applied layer of'toner, rather than to apply the layer of



4 toner to surface 21. 5 In a preferred enbodi nrent of the invention, a
Fiquid 6 toner of 5% - 10% solids concentration is supplied by 7

. dispenser 62 to roller 65. After application onto the 8 developer roller,

' the layer has a solids concentration of 9 between 15 and 20 percent. 10

" Wien a nore concentrated toner is suppt®ed by 11 dispenser 62, applicator

- 65 may furuhafoﬁyr,alammtiyebp 1iddheasoREiedhild) My feledbbpASragYsse,
- which is operative 131t gi reduce the %%3005|t$'0f the oner . and
1% General By Th SEnntAL. IR RODLAE GRAHenETREIPRe O ke tonedh KherRce
- 21 of devel&msﬂéeabl& du]:ﬁ.ng the eteetalostaticdapplibatidntoshthe
- iquid tongr éo@é m (‘éé%vel ops the latent inmage have as high a

solids 18 concentra i'on as possi ble, preferably 30-50% 19 In a
preferred &rbodi ndm a (Pref\%rrﬁdeﬁmbmiMI@@ethezmnxgsmry 28 Iiquhdr

i ncl udes agsEEHIRCo OIS~ THogN s%hwsrebh\s%rp@@ae tm\Mitét éetaga&e?éf b

downstream of  di s%enser 2 roller 65 and before rol contacts dru

10. 23 Prdi &igRSNE8TRfctPoth1eB B ol AELer |§£PH-FHH-%I PRFe the
comnpar abl emu@vdﬂuﬁemfrdppéi—catne fayext Had hat sbledsuboncetftrdt{ & cosf

t he squeegge,r d articles of the 26 toner |layer on surface
21. Squeegg bﬁ:%%g?x # 5’% SO G‘%’F Gt erably resiliently urged agai nst

rol | er 221§uch t hdtheRgal impre mncemtsartad)vectdnem tire sapplied tby
passes thej Sﬁ*f'f@fe ol R JECEaNn ? ﬁ,s%{e n

30 repul sion of ro 68" hgbc:}ierattlsrigeg'tg‘oi“é ué:.(lgilr ee ofa Qlft@i- ?ﬁu‘%%iger
so that tie P&y&on@qﬁﬁ% ‘éenqengee ¥0d tage dscmr@. aUh#-ﬁé li@e:pemt#eg

i mge carngi e SybmPnA& ﬁédufife agHEst ik Es8 1 "E’gfh%f! Cghdr eSHEL HKaby

bi asing t roller , 34 to an iate volta he concentratlon of the
t oner ’ gﬁa geperally aﬁ?uﬁ?‘égg é desFﬁBﬂ%tg icm| of agsmoothar layex
preferredlénbndsmacetm | iodui dletuele:pézs rdllewp@ied to roller 78 at a
concent ra&bon ! esint BaRelAd! 138 1P HLS1SLhY HEd e ﬁevel{)&"ﬁr‘:ﬁ%ﬂle%‘% S

| atent inma
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char ged Wllb a suitable electric pot enti a he char ged toner
In a preferred embodiment of the invention, developer

20 assembly 23 further includes a squeegee roller 78 in
21 operative contact with roller 22 downstream of dispenser
22 roller 65 and before roller 22 contacts drum 10.
23 Preferably squeegee roller 78 is electrified with a voltage
24 comparable with that of applicator 65, such that the outer
25 surface of the squeegee repels the charged particles of the
26 toner layer on surface 21. Squeegee roller 78 is also
27 preferably resiliently urged against roller 22 such that
28 liquid carrier is removed from the layer as it passes the
29 squeegee roller. The mechanical pressure and the electric
30 repulsion of roller 78 are operative to squeegee the layer
31 of toner, so that the layer is more condensed and uniform
32 as the layer reaches image carrying surface 16. By
33 adjusting the mechanical pressure and by biasing the’roller
34 to an appropriate voltage, the concentration of the toner
35 layer can be adjusted to a desirable level.

36 Thus, in a preferred embodiment, the liquid toner is
37 supplied to roller 78 at a concentration less than that
38 required for optimal development of the latent image. When



5 particles and causes themto nore closely adhere to surface 6 21. The
excess fluid which has been renoved is recovered 7 for reuse. The solids

- content of the layer is mainly a 8 function of the nechanical properties

- of the rollers and of 9 the applied voltages and pressures and is only
slightly 10 influenced by the initiat &3ntentration for a considerable 11

range of initir6ll1éeene8 dencAjddiddulbnst l1surfackn 22 HefddvetopaROH By Of
the inventi qz‘sq egee .13 ol* r 78 conprises an alum num core which iIs
anodi zed aﬁg 3n ggat@&qﬂqq#%F ﬁanFEﬂgggeﬁﬁﬁﬁﬁﬁninﬁfE#R?#érSFEFbFQF(ﬁ
15 pol yur ethahayeridmpressed iowiphefades 2V st amddedoen belaxigad Woeh ot
17 require or, ié§§? I r h been
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removed fromBRVElGIRS and|eausespthemeto moreycleselyoadhere ttoe sunfaceor s

have found,stdp} the bxedss 281604 R He¥ BéehUrbhevdd ™ 9VEdcblered

residual tqper on the 22 develqper roller is renmoved between coatin
cycl es. For é%tt RPUSRy pbRE écalpjeéﬁi sgndent RALsshenl a¥er dwingm @&

24 may coms8 i funetimonge ?aemécu?hi@alibﬁf?baiz-gﬁgaabiﬁt the i-allllaisr @M/T%ﬂ he
excess ton cel t [ rface 0 evel pper roller : e
toner so r:dm@g% %é%iﬁhe(;%n %‘gﬂ%geﬁu RERRSEEPS &&‘g,gﬁf PRI §f%9§ it h
fresh tondQ irgfiluencedhbyli thendadtiali condentraiitre £6r appconstiderahle 29
Cl eani ng stiatgd r Y SREPT 30 roller 84, which is
pr ef er abl ;S;ui‘ oﬁ%ég?f)aféges?ﬂ e1r:1t opeerzléﬁ%?&%éﬁﬁﬂ%g?éri al simlar to that of

| ayer 68 342 rol | erl2 Puefpgred, embadiment pEJthecinvention, csgupegeey

engages a1BTddWdd 078 Ofomprises dn BALMIRNM RRrd WS £écanbiited! Aaa 34
area of suyrface 21 en ed surface 16) and the 35 lication are | . e.
the area B‘T‘{ &ated nﬁagéﬁnbgagﬁrs ’@ﬂ')a,t%'i’era%gymiﬁﬁﬂ\'ﬁﬁﬁrﬁgsﬁ’&ual
t oner frominpdkyn;éihéﬁebefore.the application of new toner. In.a .
e W ner ca BFtlotnte  RY | fPs RO HESGE L FRY MnS YR s "hb3,
by | oosenilify Rearixe rthag EMQyPOH§i¢B§iQﬁawheommner3#ﬁyetctbctsbaupenaﬁf
the surfaq® pden trihstéfraal ite @eaheriedianhai n?&be@foﬁm&h%a%f'gthé
system 11Q, 43R5 8 1hade b2 removed®Toom developar roller 22 between
20 cycles. However, the.inventors have found, that the toner
21 uniform;ty can be further improved if residual toner on the
22 developer roller is remoéed between coating cycles. For
23 this purpose a cleaning station 82 may be provided, which
24 may comprise a sponge or a brush or similar apparatus, to
25 remove the excess toner concentrate from surface 21 of
26 developer roller 22. The toner so removed may then be
27 pumped back for reuse, after mixture with fresh toner,
28 through dispenser 62 into the sponge of applicator 65.
29 Cleaning station 82 preferably comprises a sponge
30 roller 84, which is preferably formed of a resilient open
31 cell material similar to that of layer 68 of roller 65.
32 Roller 84 is situated such that it resiliently engages a
33 portion of surface 21 between the transfer area (i;e. the
34 area of surface 21 engaged by surface 16) and the
35 application area (i.e. the area of surface 21 engaged by
36 surface 64), thereby removing residual toner from surface
37 21 before the application of new toner. In a preferred
38 embodiment of the invention, sponge 84 may be supplied with



6 fromthe devel oper roller, is showmn in Fig. 3. Ceaning 110 7 conprises
- a tandemrol ler arrangenent in which a first, 8 biased squeegee, roller

' 112 renoves residual toner 9 particles from devel oper roller 22 by

. electrostatic 10 transfer. To this end roller 112 is biased to a vol t age
© 11 that, in conjunction with the devetopér-roller voltage, 12 causes the

. charged toner | CaBe1be 1 er. e
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t he hich indents the surface of the sponge and scrapes the
20 material which is extruded away. In certain circumstances,
21 depending on the toner material used, one or both of the
22 squeegee-developer or squeegee-sponge surfaces is wetted by
23 a cleaning liquid or dilute toner to aid in transfer and
24 removal of the toner particles.

25 The toner removed by any of the methods is preferably
26 recycled and used for recoating the developer roller.
27 It has been found that such cleaning, even if it is

28 not perfect, tends to reduce or eliminate any "memory"
29 effects on the developmeht roller. Cleaning station 82 may
30 be especially useful in the event the toner is of a type
31 which becomes discharged by the electric fields in the
32 interface between the surfaces of developer roller 22 and
33 drum 10. | | -

34 The latent image developed by means of the process
35 described above may be directly transferred to a desired
36 substrate from the image forming surface in a manner well
37 known in the art. Alternatively, as shown in Fig. 1, there
.38 may be provided an intermediate transfer member 40, which



7 point of image transfer. 8 I nternedi ate transfer nmenber 40 is
operative for 9 receiving the toner inmge from photoreceptor surface 16
and 10 for transferring the toner inage to a final substrate 42, 11 such
as paper. Disposed internally of internediate 12 transfer nenber 40 there
may be provided a heater 45, to 13 heatSinternediate transfer nenber 40 as
is known ing %ﬂﬁ, r r aRs 0 h e

menber 15 40 I's t%érle eéﬁ yagl gs%tb)f?ngr g’\ﬁi?:? ge%%?éﬁ%?seg%lg% eh?ga%‘éﬁt
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in U5 Pafenialge REIE difedd EALE SURAAERETSI BulThord o BLRAR
25 4,974, 037 podmt @& dimage diranser. of which are i ncorporated 26 herein
by referenge. 271ntefflddtafd YiadsaBy ‘?l[exﬁf)errhalé Oﬂgr dﬂ@ﬂﬁtrﬂre fox,

substrate 28 42 or, to internedi ate transfer nmenber 40, photoreceptor
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19 member 40 preferably has a conducting layer 44 underlying
20 an elastomer layer 46, which is preferably a slightly

21 conductive resilient polymeric layer. _

22 - Various types of intermediate transfer members are
23 known and are described, for example in U.S. Patent
24 4,684,238, PCT Publication WO 90/04216 and U.S. Patent
25 4,974,027, the disclosures of all of which are incorporated
26 herein by reference.

27 Following the transfer of the toner image to substrate
28 42 or to intermediate transfer member 40, photoreceptor
29 surface 16 engages a cleaning station 49, which may be any
30 conventional cleéning station. A scraper 56 completes the
31 removal of any residual toner which may not have been
32 removed by cleaning station 49. A lamp 58 then completes
33 the cycle by removing any residual charge, chafactéristic
34 of the previous image, from phdtoreceptor surface 16.

35 The cleaning system shown in Fig. 3 is also used, in
36 a preferred embodiment of the invention, in place of
37 cleaning station 49. In such case, a somewhat softer and
38 more conformal roller is used so as to insure good contact



8 roller 22 and not drum 10 which is then brought into 9 operative
association with an internedi ate transfer nmenber 10 or a final substrate so
as to obtain a print of the desired 11 inmage. Any preferred enbodi nent of

- the devel oper assenbly 12 descri bed above may al so be used in the context
of this 13 enbodinent. 14 - In a fUTﬂH%r'preferred enbodi nent of the

i nvention, 11pedifdéRathle 8§GERIgadIrotleie 12! avkll thea itidgedfokming
electr|f|e§ Blate&%Fveloper situated parallel to the 17 surface of

devel oper *about 6 o' clock on the 18 devel oper roller. Liquid
toner at aBout 1- nﬂ@anhaktéﬁnzmtvarembom#meh@%mfytkmtmeeﬂtmﬁa,

concent r at jj0 fed. i
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rol | mill Beémqidoq@o?épvpcwm P bee yseddins thenfRMERRS. of\this

Plendﬁd g&BGEMBbd&&e%% .renoved fron1the m |l and shredded in preparation
or the next step. - 17 -

Pl st ci oiflg 2 *I08 SHEFheRPRRSRTRPYREPPALnERE 5 tBP RAVESTHP: 5
( EXXON) Tﬁﬁea@g&ﬁddﬁnroasd&mbl&1&5dmdyebglmunha¢edlhYxa'curMﬁmt

m Xxi n 4 ]

30" nut e3SaP IR GHE L5ARS | HERYY Ydvedoper Y RANLER PargtIRErLotho T
fromthe Wxsmrfarcshp@dMehep@mmlilnra %%oﬁb@lﬁeaﬁ gricdreki pn the

preparati 98 developer roller. Liquid toner at about 1-10% solids
19 concentration preferably, between 5-10% concentration is
20 fed into the region between the plate and the developer
21 roller and plates the developer roller with a layer having
22 approximately 5-20% toner solids, preferably, 15-20% toner
23 solids. The squeegee roller is then operative to further
24 concentrate the layer to the desired concentration for
25 developing the latent image. In this embodiment, if
26 cleaning station 49 is provided, a toner layer having a *5%
27 uniformity is presented to the image forming surface.
28 A preferred, but by no means limiting, liquid toner
29 material for use in the present invention is prepared in
30 the following manner:
31 Compounding
32 865.4 g of Surlyn 1605 Ionomer (DuPont), 288.5 g
33 Mogul-L carbon black (Cabot), 28.8 g Endurophtal blue
34 BTS583D (Coockson) and 17.3 g aluminum stearate (Merck) are
35 blended for 20 minutes on a two roll mill heated to 150°C
36 until the blend is homogeneous. The blended material is
37 removed from the mill and shredded in preparation for the
38 next step.



8 for grinding. 9 Ginding-Size Reduction 10 690 g of plasticized

. material is ground together with 11 1610 g of Marcol 82 in an attritor
charged with 3/16" 12 carbon steel balls. The material is ground at 250

RPM for 13 30 hours at 55[err]C [err] 3[err]C. The resulting material is

diluted 14 to 10% non-volatile solids f#VvS) content and screened 15

t hrough a screen to renove unground 16 particles. Any
metalic coﬁ?anlna.fﬁgéﬁégerlal in the toner 17 is renoved by nmagnetic
treatment ahd the 2ecBgl ©ifigthvat blealded Snaterhalgenhdyi 2 hKgharfyeMaltcott @2 t 0

f 10%) d b f h [ Lan.
20 MR I IEERONY ard BRAERTEor $id hBdx 1A S WEETe, P S ARy
present |mﬂnﬂ%%ﬁrvswﬁﬁhqq?nméﬂipg wihe matertal 23 Fhen oudsedy fomoWd

and descri tEdni‘rﬁi'@éélaQ@VEowRébBé& ahle £oz3 w%\géeéz 2&1: %féggbpggﬁe”g‘t@;l
!32 dg;' ngg é) @\gt%%iag7i§ icslc% s té] atwhﬂ.e stil%.ctlm from t\‘ﬁa@i’-ﬁ@r
appar at us rghrexdided and groamd|ﬂnga tooledgmeatf getnlayi g perepadationeon

a | atent eléaq&?séap#ﬂ& Aéra the latent electrostatic imge including

| mage regions a I TSt voltage and background regions at a second
vol tage; 9 Grinding-Size Reduction

10 690 g of plasticized material is ground together with
11 1610 g of Marcol 82 in an attritor charged with 3/16"
12 carbon steel balls. The material is ground at 250 RPM for
13 30 hours at 55°C * 3°C. The resulting material is diluted
14 to 10% non-volatile solids (NVS) content and screened
15 through a 300 micrometer screen to remove unground
16 particles. Any metalic contaminating material in the toner
17 is removed by magnetic treatment and the resulting material
18 is charged with charge director to form a 10% NVS liquid
19 developer, suitable for the present invention.

20 It will be appreciated by persons skilled in the art
21 that the present invention is not limited to what has been
22 particularly shown and described hereinabove. Rather, the
23 scope of the present invention is defined only by the
24 claims that follow:
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a devel oper surface- ehapged—t_aa third voltage internediate the first and

. second vol tagephgrggee{ga\é seﬁgond surface urged agai nst and adapted for
operative engag mage-form ng surface at a first,
devel opnent, re " el opnent surface capabl e of having for rred

" thereon a Iayer ed liquid {gner conpri si#‘rg-crha*rgetl-t-m‘rer

particles gnd carrier |iquid; e el oper oper
- surface, ch’'devel ops the latent i n the “ﬂlj Isuch
that |ess Znae tdladme al thi ckness of the | ayer of concen w1 qul Con
toner is tmansferr 1D!¥1‘.’ etothelmagereglonso t he
I mage- formaﬁgr;i surflg%éﬁgn :%?a o&éeoﬁ‘?&ﬁrﬁfgé%n the i mage-fornm ng surface;
and 4 nppanan oimﬁlgzﬂrsfermliﬁggtanrcIMODQUimmgéOﬁmmﬂtbhereon a
i mage-f or msng.a%dirf@@.éé%x%éﬁi@ic Siisdd Althe l&tent &?ﬁ%ﬁbﬂﬁaﬁﬁﬁorthg

claim1l1 wherein the d oper conprises a devel oper electrifie

|
gi ven pote |ié}°]s“lﬂ'ﬂ'f‘9h agReregdons @y |%I@WFCH°F§%MCPW‘@§@“HG

devel oper fokdegyions taagea géubndrmﬁ@; vol tage and the charge in the
t oner Iayer8 revergesy par

ction thin the |ayer
according to cl ai f 25RN ere+ﬂ fhes\}E ﬁ'thﬁ%gg tBeﬁ/\e'éhiF@ %%@r
roll er and% Hatermedisgeorthes f:bsstt had HEcopndt yoltages aAdpdraatinng a

accor di Ng1p0 sdAd 2s R fid ﬁP |af%§fn§' f fa(?{tf Ng8aRt ot hSp%@/%fQEr

roller and the 1mage region is

Appar at us &c@&%%‘“?&%l‘éﬂ-ﬁ?l%l MFE&‘afrP%!péchélb?féggerﬁ)t yaf &ir9tni ng
a | ayer oﬂ,zcaae,gubba{eeﬂ: I |z@giq,d.oner onto the devel oper surface, the

SUFtace Won | BPyRPRTASATEE pRaRmbiY SREIARLYS | ROL ABPIR. & dNeS Pace
at a secokd, capptendicatedr dgiguid toner acbmparidisgercRargedhtoiwri es
liquid toRgr nGoREN§lsN And ¥a3sd r” Sk | tdeil S Sthe developer surface:;
16 a developer operative to develop the latent image by
17 transferring less than the total thickness of the layer of
18 concentrated liquid toner from the developer surface to the
19 image regions of the image-forming surface thereby to form
20 a developed image on the image-forming surface; and

21 means for transferring the developed image from the
22 image-forming surface to a final substrate.
23

24 2. Apparatus according to claim 1 wherein the developer
25 comprises a developer roller electrified to a given
26 potential such that the electric field which is produced by
27 the developer roller voltage, the image area voltage and
28 the charge in the toner layer reverses direction within the
29 layer.

30

31 3. Apparatus according to claim 1 or claim 2 wherein the
32 voltage difference between the developer roller and the
33 image region is less fhan 500 volts.

34 | |

35 4. Apparatus according to any of the preceding claims
36 wherein the voltage difference between the developer roller
37 and the image region is more than 300 volts.

38



and carrier liquid to the applicator; a pomeﬁf
t

LS |y which
. electrifies the applicator with a voltage such that & ed -
- fornmed by the difference in voltage between the devel o ﬂ d the
- applicator in the application region urges the charged es

toward the devel oper surface, form ng_ajgayer of charged liquid toner

concentr at t he, devel oper surface, wherein ~ the applicator and
t he devel oéeoé]’s'urfﬁegaﬁa\% S ARTARELRE 19 a?PVe%\féﬁnPr&F%Qppﬂ-hdm on

r egi on. & wheﬁemgitlgeaamlﬁé?ﬁoﬁcagsdhﬁgyt 8of gk_gétggwhﬁr ein It_he t
ncentratigpn of sgli i iguid toner_su I e 0 appl i cat or
;gsenbl y isé)l ess t angﬁglgéag%{ gﬁaqﬁ% %%ﬁgaﬁgrzﬁ %t%‘% g&ﬁpdﬁe?ﬁlfﬁﬁéﬁ
portions of¢ eRgagemensd vitde thentdesmslopemerodiler at a k&gond,

appar at us i Lo & ghd further conprising an electrified
squeegee r?%@%ih e%aégegot'he devel oper surface at a squeegee region

situat ed d&anstreBRJINS; ppesdadiientiyyiwrging eher apmhkl datasimphnto

regi on and Zquntgeet tWitthayrtle cdevalophdit eeol18k dalongn apP 11164 €286
t he concen tian of liquid toner therein. 8. Appar at us cording to
claimb5 any %ﬁq%ﬁﬁ' conprising a cleaning station which renoves residual

toner fromdt he de\aelmnersdﬁsepmusérebp@tﬁmnb @‘uﬁnﬂglryl Aiguid MgReaNd
' | .cator asse :
20 5, “PR0, St 1nGOMNEINEG Vohgf BRUNIFIAR &R PRt ten A apetateon

conpri ses1d : gPpldiqationshi ch engages with the devel oper surface at a
cl eani ng negi on da ﬁ@@%@ﬁ?ii)eo?@f‘ﬂ%néoT&ﬂé&grirfyslg:gx_e éat%)f{éyf.‘ér

accordi ng he cleani ng station conp

n
squeegee }éﬁﬁgﬁgtg%éﬂﬁggéS%g?uFﬁet&é@éﬁﬂﬁne%ﬁﬁFﬁéﬁ gheld £ammed byvtheage
14

at difference in voltage between the developer surface and the
15 applicator at the application region urges the charged
16 toner particles toward the developer surface, thereby
17 forming a iayer of charged liquid toner concentrate on the
18 developer surface, wherein

19 the applicator and the developer surface have
20 substantial relative movement at the application region.
21

22 6. Imaging apparatus comprising: _ _

23 an image-forming surface having formed thereon a

24 latent electrostatic image, the latent electrostatic image

25 including image regions at a first voltage and background

26 regions at a second voltage;

27 . a developer surface charged to a third voltage

28 intermediate the first and second voltages and having a

29 second surface urged against and adapted for operative

30 engagement with the image forming surface at a development

31 region;

32 an applicator assembly operative to apply a layer of

33 concentrated liquid toner comprising charged toner
34 particles and carrier liquid onto the developer surface,

35 the applicator assembly comprising:

36 an applicator having surface adapted for

37 resilient engagement with the developer roller at an

38 application region;
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~ sponge roller urged agai nst the squeegee roller and novi
differential velocity with respect to the adjacent surf

- roller. 11. I magi ng apparatus according to claim1l mhere I'n
di spenser conprises a perforated disﬁéﬁgkr t ube urged agai nst the

" applicatoriat a regi on mEENse ﬁdzomésknmﬁllyeah'rgzmg e¢h@napplidator into

. Apparatus gc I ud|n | i cator assenbly which forns-
the | ayer gf %concaggt t"'g'ttgld r{gqtﬁec}gt %ﬁ%‘?‘ﬁ%’ devel oper surface, the .
- appl i cat or 3assenbl y com@wtﬂm@radisﬂemmaryomenatiypetmasnppéy didtquai éd

- adj acent t r % g,%st f %é))[o# g I d
toner to a% tat%&elg‘caatlon reﬁw # ti)etwe tﬂe pi atéeﬁ%n eégle%/}e' ‘g%ér
surface. 391%0 th Rpﬁﬁﬂ%ﬁﬁ?hiﬂﬁ) gdPn’o claim 1 wherein the concentration

of solids sn the i mage porpowes oéubm;deagl@pséiwgeol %ﬁéc‘t@ﬁ%fgﬁlla%n

di cl h
o col as 7nepRt {SREET, S TS Brltade charbpdnd huthe: SIaCFELG Spld
percen; Slﬁormddﬂhyrthap@ﬁfﬁéuencenﬂh:vdlxage betweentﬁgi d?z?%%%Qﬂ
r r
thel at ont Do PUBEps8; Snlf g Pt IRCalole’ SPTehe' BLBlycRedE Cediard wFRds.

and backglButber eiargedt tanesc partigtlagetoward the aiejveekbppe'r alkXece

which the particles are attracted to the squeegee rollmlssmaﬂmbnRﬁcm

egee

charged t@1athBirbs v%&a,%g Al qlagedi %tfecth'&‘i'gféd %&.@1‘5 &9E5a 884
having a second suiface _urged agai nst and adapte or operatlve engagenent
with the ?ﬁaﬂ@ tbenfryed cSukitage, wheredd, el opnent, region; an

appl i cat o13assenbl y opernid \eppDicagply ahd apies dév@maﬁﬁﬁréﬁeﬂabénhébe
toner 14 substantial relative movement at the application region;
15 wherein the developer surface is operative to
16 developing the latent image by transferring at least a
17 portion of the total thickness of the layer of concentrated
18 liquid toner from the developer surface to the image
19 regions of the image-forming surface thereby to form a
20 developed image on the image-forming surface; and
21 - means for transferring the developed image from the
22 image forming'surface to a final substrate.
23
24 7. Apparatus according to claim 5 or claim 6 wherein the
25 applicator is a sponge: roller comprised of open cell pores.
26
27 8. Apparatus according to any of claims 5-7 wherein the
28 applicator and the developer surface move in opposite
29 directions at the application region.
30 '
31 9. Apparatus according to claim 8 wherein the relative
32 motion of the applicator and developer surface is between
33 three and four times the absolute velocity of the developer
34 surface.
35
36 10. Apparatus according to any of claims 5-9 wherein the
37 relative velocity between the developer surface and the
38 applicator is greater than 150 mm/sec.
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conprising charged toner particles and carrier liquid onto the devel oper
surface, the applicator assembly conprising: _an applicator having
a noving surface which is urged into resilient engé@ﬁ

H
devel oper surface at an application, region; ¥
whi ch supplies liquid toner conprising STaLged t oner

cn Replaced
ﬂl"‘aﬁnemer _
carrier
liquid to the application region;

( . a power supply which electrifies
t-he applicator -with a voltage such that the electric field formed by the

difference jn yolt t ‘ﬂﬁye t | cat
t he appli ca% in%n' re%?%ﬁggl e%g?%ggc ar géegetsc%r%{{%g?tsi 3}& ?gwa%?%%‘ﬁ% 8- 1%
devel oper suirdherseinr Hhg Fdnger ddsSpRASRE SR TLSARr acReTfionatesh

the devel opgrq fypbacer HE rged againbe @Bl idFPDicatdrt et devebgion
have substantial relative notion | i,cation region; and

t t
wherein the oﬁm%eﬁr@ﬁr?ﬁ%eaB@%gFﬁﬁégPﬁgggéPgnt i mge by transferring at

| east a porgion of the total thickness of the |layer of concentrated |iquid

toner from devel oper  surf €. ' he J '
surtace: ar f2+ KppBRasRe wBEtadiie'cro 'RAY, pRVGTARAL L 1F WHBEBTH He0
i mage-fornigiapplicataon assemblyubompxrises a stationary platestypss.
Apparat us agcolghidobl | Ftddiaalgaeided % aPehbCabve licher PRAFECED
conpri sed of open C por es. 17/. Appar at us _according to claim 15

wher ei n t HeO aintludesrmaanst fer svepipingsiiauid rener; Fofpoanndication

di recti ons) ptrddfodPPbihali B8tweehOthe plate and the developer surface.
12
13 13. Imaging apparatus according to either of claims 11 or
14 12 wherein the concentration of solids in the liquid toner
15 supplied to the applicator assembly is less than 10 percent
16 and the concentration of solids in toned portions of the
17 developed image is at least 25 percent.
18 .
19 14. Imaging apparatus according to any of claims 5-13 and
20 further comprising an-electrified squeegee roller, adapted
21 for operative engagement with the developer surface at a
22 squeegee region situated downstream of the application
23 region and before the development region, operative to
24 squeegee the layer of concentrated liquid toner and
25 increase the concentration of liquid toner therein.
26 '
27 15. Apparatus according to any of claims 5-14 and further
28 comprising a cleaning station operative to remove residual
29 toner from the developér surface after development of the
30 latent image and before application of new toner by the
31 applicator assembly. '
32 :
33 16. Apparatus according to claim 15 and wherein the clean-
34 ing station comprises a sponge roller adapted for operative
35 engagement with the developer surface at a cleaning region
36 downstream of the development region.
37
38 17. Cleaning apparatus for removing residual charged
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18. Appar atus according to claim 17 wherein the relative notion of the
applicator and devel oper surface is between three and four tines the

absol ute velocity of the devel oper surface. 19. Appar atus according to
claim15 wherein the relative velocity between the devel oper surface and
the applicator is greater than 150 mdsgz.- 20. Cl eani ng apparatus for

d |. ch d li d
compri sing:t Tiuid oAt pefbleled ok s pouTts S0 FRESHPRREL ARG 0 ased
to a voltage aI vWacﬁqméeg@artohles urgedtagainsti thet surfgcecgnd biksed,
and > SPOPGT chBd rgféina@ﬂ%ngg%gggesgsea%@éa%té&dtamehag

at a dlfferen y Wth respec acent surface of th
squeegee uﬁlsgueegeg.rol¥$maratus according to cIa|n120 wherei n the sponge

oo * B 6 St e T
for suppl y@d“%"*?ﬁuﬁ)‘:tﬁ %ﬁ?ﬁ%?géég' bEE hR&T HheVW (,fg%%p?ﬁ%l 1?"2% etshe
surface to bhadsearet. surfsce ofmtﬂéaéqseegeerﬂohgefﬁ ahd|n120 and al so
oo nd FRS | HedHEP roe S bl fib” dohd S phBIIAS FELPThd Npgnge,
wherei n thd amildeaxts ati on of SO|IdS in the image portions 2 of the
devel oped ldmge is at |l east 40 percent. 3 45 6
11 18. Apparatus according to claim 16 wherein the cleaning
12 station comprises:; '
13 a squeegee roller urged against the developer surface
14 and biased to a voltage at which the particles are
15 attracted to the squeegee roller;
16 a sponge roller urged against the squeegee roller and
17 moving at a differential velocity with respect to the
18 adjacent surface of the squeegee roller; and

19 means for removing toner particles from the sponge
20 roller.
21

22 19. Apparatus according to claim 17 or claim 18 wherein
23 the sponge roller is biased to a voltage at which the toner
24 particles are attracted thereto.

25

26 20. Apparatus accordihg to any of claims 17-19 and also
27'inc1uding means for supplying a liquid to the interface
28 between the squeegee roller and the surface to be cleaned.
29 '

30 21. Apparatus according to any of claims 17-20 and also
31 including means for supplying a liquid to the interface
32 between the squeegee roller and the sponge roller.

33 )

34 22. Apparatus according to any of the preceding claims
35 wherein the concentration of solids in the image portions
36 of the developed image is at least 30 percent.

37 .

38 23. Apparatus according to any_of the preceding claims
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1 wherein the concentration of solids in the image portions
2 of the developed image is at least 40 percent.
3

\

'Hns Sheet

4
5
6 aced'
; N
8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38



