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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,
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24 January 2003 _ 3 1 SUMVARY OF THE INVENTION 2 It is an object of the
present invention to provide 3 sinplified apparatus for the devel opnent of
latent images 4 in el ectrophotographic inmaging systems by transfer of 5
concentrated liquid toner, wherein the optical density Elj%&%“@ At he
toned regions of the frnal image is B substantrally uni form 'n preferred
enbodi mnepts of _the rese |nv tion a devel o referabl nade
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32 imagesf gt ipw.face is inproved at least by a factor of 33 two. 34 In
a second_aspect of the invention, the thickness 35 uniformty of the toner
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whi ch non- unrfor effects the devel oped toner partic mass per uni t
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opposit t r roller at the point of contact between
t hem 1 :§%§E§%£e erre% ﬁ%xg%ggﬁt of the, invention, the 19 devel oper
roll er i27 coated by devel oping thereon a |ayer of 20 toner particles by
el ectropfppresis fromliquid toner using 21 a stationary plate type
developer 22 Preferably, the coating step is followed by 23 squeegeei ng
the | ayé® on the devel oper roller with a 24 squeegee roller at a high
vol tage snd with high pressure in 25 order to renove a |arge portion of the
liquid therein, 26 before transfer of all or a portion of the resultant 27
t hi ckne of the layer to the image form ng surface. 28 Further, nmateri al
remai ni rB2 on t he devel oper roller 29 after devel opnment of the |atent inage
is pref bly renoved 30 in a cleaning step before the recoating-of the
developer 31 roller. 32 In a preferred enbodi nent of the invention, the 33
devel opé¥4roller may be cleaned by a tandemroller system 34 in which a
first, bjssed squeegee, roller renoves the toner 35 particles fromthe
devel oper _roller by electrostatic 36 transfer. A second, sponge cl eaning,
roller r¥fhoves the 37 toner particles fromthe biased squeegee roller by 38
abrasi omg7 preferably aided by an electrostatic field. The
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24 January 2003 . g 1 toner is renoved fromthe sponge roller by a
bl ade 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 mettect@gaﬁugrycbgggr ng
liqquid or dilute toner to aid in trangfer and 6 renoval of the toner
particles. The toner so renoved |s 7 preferably recycl ed and used for
recoatlnd-the devel oper 8 rol3& FENTLON OF THE DRAW NGS 10
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di agram S 21 illustrating an alternative cleaning
systemr(ye§§§§%§$ggg;£9 ﬁgg@ referred enbodi ment of the invention. 23
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selectively transferred to the image-forming surface in
18 accordance with the latent image formed thereon.
19 According to one aspect of the invention, the
20 developer is electrified to a vdltage 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 1f 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



- b - 24 January 2003 1 which an exposure device such as a |light source 19,
which 2 may be a | aser scanner (in the case of a printer) or the 3
protection of an original (in the case of a photocopier). 4 Light source 19
forms a desired | atent imge on charged 5 photoreceptorﬁwugjﬁg;J@bg

sel ectively discharging a 6 portion-of {he photoreceptor sur acg e |nage
portions_ 7 being at.a first volta d the backgroun ortions at a
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second % f S ;ch
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_ g _ 24 January 2003 1 effect: When a voltage is applied across the toner
2 concentrate |ayer between the devel opnent roller and the 3 inage areas on
the image form ng surface, an electric field 4 between the two surfaces is
generated. This field is 5 strongest at the inage-form f IS
reduced by 6 the charge in the |ayer,gaf points within t eglfvjét?/%&elztégglf. 7
When a high voltage is applied to the toner concentrate 8 | ayer, the
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pl aced the i 3 rmn f d I f e t,.region
to 33 mggsure t@%bt?cg% ggeng?ﬁéﬁlggqﬁle&)?\!\gnéggﬁ?%g %Ea"%%eiqf%ég%%‘.ls%
The neaddr epnstrectedopnd aperatedy iins accordamsie ot B8 td poetfegired

el ectro iC%F&’% ' ' ratd o a power supply 104 which
suppl i egsvo tagé@ﬂe@%l%rﬁ%% er %@9%1‘2\?%11_, é?\d 24 January 2003 1 If
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24 January 2003 - 10 1 . In a preferred enbodi nent of the invention,
roller 22 2 is coated by an applicator assenbly generally indicated by 3
reference numeral 23. 4 Applicator assenbly 23 includes a toner di spenser
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24 January 2003 - 12 1 toner, which is applied, as aforesaid, by

el ectrophoresis. 2 In general, the solids concentration of the toner rises
3 considerably during the electrostatic application of the 4 toner to
surface 21. 5 In a preferred enbodi ment of the inventiong gaphidiyi So@3t oner
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24 January 2003 - 14 1 toner carrier liquid which may assist in cleaning
surface 2 21 by | oosening and carrying away the residual toner 3 particles
scraped off the surface. 4 An alternative preferred enbodi nent of a
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- 16 - 24 January 2003 1 between the squeegee roller 112 and the inmage
forming 2 surface. 3 In an alternative enbodi nent of the invention, 4
reversal transfer is used. In this enbodinent, the desired 5 inmage is
fornmed by the areas of toner concentrate which 6 remai nQn sunfacsagd of
devel oper roller 22 after the 7 dewel®paent of photoreceptor surface 16,
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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. '
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.
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8 through which liquid toner 1s dispensed onto the surface 64
9 of an applicator roller 65. Applicator 65 is preferably
10 formed of a metal core 66 covered with a relatively thick
11 layer 68 of a resilient open-cell foam (sponge), such as
12 foamed polyurethane, which preferably contains conductive
13 additives. Preferably, the bulk resistivity of the
14 polyurethane (without the holes) is between 107 and 109
15 ohm-cm. In a preferred embodiment, surface 64 of applicator
16 roller 65 is resiliently urged against surface 21 of
17 developer 22, for example, by virtue of a spring 72 which
18 acts upon the ends of core 66.
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 open
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 opgrative 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 other suitable means for providing the desired toner
37 pressure (such as a pressured tank containing the desired
38 1liquid toner). Preferably, surplus toner unabsorbed by
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20 development of the image is highly concentrated, and not
21 easily removed, especially if a sponge roller is used for
22 cleaning, so 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 carried by surface 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, 1in 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
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11 dispenser 62, applicator 65 may further or alternatively
12 be connected to an a.c voltage source, which is operative
13 to somewhat reduce the viscosity of the toner and
14 generally to cause the deposition of a smoother layer
15 on surface 21 of developer roller 22.

16 In general it is desirable that the liquid toner layer
17 which develops the latent image have as high a solids
18 concentration as possible, preferably 30-50%.

19 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 1l6. 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
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7 for reuse. The solids content of the layer is mainly a
8 function of the mechanical properties of the rollers and of
9 the applied voltages and pressures and is only slightly
10 influenced by the initial concentration for a considerable
11 range of initial toner concentrations.
12 In a preferred embodiment of the invention, squeegee
13 roller 78 comprises an aluminum core which is anodized and
14 coated with a thin layer (approximately 50 micrometers) of
15 polyurethane. . _
16 In principle, the system described above does not
17 require that the portions of the toner layer that have not
18 been transferred to drum 10 in the development of the
19 latent image be removed from developer roller 22 between
20 cycles. However, the inventors have found, that the toner
21 uniformity can be further improved if residual toner on the
22 developer roller is removed 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
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9 particles from developer roller 22 by electrostatic
10 transfer. To this end roller 112 is biased to a voltage
11 that, in conjunction with the developer roller voltage,
12 causes the charged toner particles to be attracted to
13 roller 112. The general construction of roller 112 is
14 preferably, similar to that described above for roller 78.
15 A second, sponge cleaning; roller 114, removes the
16 toner particles from the biased squeegee roller 112 by
17 abrasion, preferably aided by an electrostatic field. The
18 toner is removed from the sponge roller by a blade 116
19 which 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 1f it is

28 not perfect, tends to reduce or eliminate any "memory"
29 effects on the development 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



devel oper surface. 19. Apparatus according to claimi15 wherein the relative
vel ocity between the devel oper surface and the applicator is greater than
150 mm sec. 20. O eaning apparatus for renoving residual charged |iquid
toner particles froma noving surface conprising: a squ I rged
agai nst the surface and biased to a 4g tage at which th?ggﬁ?%yego%?e
attracted to the squeegee roller; and a sponge roller ed agai nst the
squeegeel rPAY ebe aAd ATHAY iR helh andf whigh éls Ve cRiP??a YR PBgge@Mant t he

ggJ aﬁentz W%fﬁﬁc%ﬁétm??ﬂwegﬁ@ﬂﬁe 25 &ffar:aimlfl%@?‘drhﬂg\?otﬁél m
erejn_the.s e roller {s_bias 0 a Vo e a i c e toner
particle %?'éeanthié'lPQ?mr efpresye g{(?p a’ffﬁnﬁ Er aePes %{)aFﬁltf’d:%d

al so |ncduﬂnrg daarec £ bonsopplos inge atbdi ghiad bdtﬂmotoreuEgMQbeSWHQad@e
squeegee er, an f

claim ’>0 a é ‘al ssg éllhépudl :yg %?egﬁ%'of%‘? h %F’?’ddnjggé ﬁ%([:]bﬂl gbtﬁﬁiff? ct"ier ace
bet ween 6heeiq¢eis{ﬁencpblibar betveer Sbengemnwtive surfaces at the

. AH Vb4 Ay.AAAH . AA,.AA.A.AYy. A_.AF AYYEl"
/eI rr84(A§ ? }\FA%J] B? H& ca%i ca ca%ca] cal] cay caU] cal] cal] ca] cal] ca] cal ca
] ca] ca] c8U] ca U][ﬂ"eﬂ.lj‘!!a}iciaﬂ’éa] txamafesumenbarc A4 TaAS oxbsrnd'&ive for
08n{un|c§X§£fgng A ¥HeCHdrier ima e from photoreceptor surface

(L:J]afJ] 2;1% ga] cg cal] ca] cal] 1(;i';l]gcaU] ca caU] a' ca caU] ca%}l LﬂécaU&ca] ca%ggaa]c
a] cal CﬂCQU]dlﬂ] an]pr@be&U] cabc&]myh@a]mkeatﬂaanqaw ga]muheai@aw]acta@] ca]

cal] caq

zt oi c] X gﬁ!j Ea]a&aﬁ%’éq‘%%ﬁd’a]“t ReFealRaPEa B taY 496 & AR ESF AT catf cayl

ca] cal] ta] baH]maﬂmaeﬂ:'ma]ddaﬂ@atraU}s@mat@mher 40 2a$ Qsth«ndmn in the

!!%('85_5!"""""‘+"-" alsakh HL%L;C ca]c
aU]ca]caU]ca]caLﬂchEa cal call ca caj ca ca ca ca- "
T @BARAVA 3D BRS &aﬁﬁm Uppc ¥ ’eﬁ?ﬁé@l@a@ca] c
al] cal] ¢l sdLaheavlad@d) €fansfer member 40 to provide an electric

17 field between intermediate transfer member 40 and the image
18 areas of photoreceptor surface 16. Intermediate transfer
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 cleaning 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, characteristic
34 of the previous image, from photoreceptor 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
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%:& ()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 BT583D (Cookson) 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.
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8 for grinding.
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:
25
26
27
28
29
30
31
32
33
34
35
36
37
38
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&()--8 the latent electrostatic image including image regions at a first voltage and background

regions at a second voltage;

a developer surface charged to a third voltage intermediate the first and second
voltage and having a second surface urged against and adapted for operative
engagement with the image-forming surface at a first, development, region, said
development surface capable of having formed thereon a layer of concentrated liquid

toner comprising charged toner particles and carrier liquid;

a developer comprising the developer surface, which develops the latent image,
wherein the third voltage is such that less than the total thickness of the layer of
concentrated liquid toner is transferred from the developer surface to the image regions

of the image-forming surface to a developed image on the image-forming surface; and

means for transferring the developed image from the image-forming surface to

a final substrate.

2. Apparatus according to claim 1 wherein the developer comprises a developer

roller electrified to a given potential such that the electric field which is produced by

the developer roller voltage, the image area voltage and the charge in the toner layer

reverses the direction within the layer.

3. Apparatus according to claim 2 wherein the voltage difference between the

developer roller and the image region is less than 500 volts.

4, Apparatus according to claim 2 wherein the voltage difference between the

developer roller and the image region is more than 300 volts

4
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an applicator having a moving surface which is urged into resilient engagement

with the developer surface at a second, application, region,

a toner dispenser which supplies liquid toner comprising charged toner particles

and carrier liquid to the applicator;

a power supply which electrifies the applicator with a voltage such that the
electric field formed by the difference in voltage between the developer surface and the
applicator in the application region urges the charged toner particles toward the

developer surface, forming a layer of charged liquid toner concentrate on the developer

surface, wherein

the applicator and the developer surface have substantial relative movement at

the application region.

6. Imaging apparatus according to claim 5 wherein the concentration of solids in
the liquid toner supplied to the applicator assembly is less than 10 percent and the

concentration of solids in toned portions of the developed image is at least 25 percent.

7. Imaging apparatus according to claim 5 and further comprising an electrified
squeegee roller, which engages the developer surface at a squeegee region situated
downstream of the application region and before the development region and

squeegees the layer of concentrated liquid toner and increases the concentration of

liquid toner therein.

8 Apparatus according to claim S and further comprising a cleaning station which
removes residual toner from the developer surtace after development of the latent

tmage and before application of new toner by the applicator assembly
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sponge roller which engages with the developer surface at a cleaning region

downstream of the development region.
10.  Apparatus according to claim 8 wherein the cleaning station comprises:

a squeegee roller urged against the developer surface and biased to a voltage at

which the particles are attracted to the squeegee roller; and

a sponge roller urged against the squeegee roller and moving at a differential

velocity with respect to the adjacent surface of the squeegee roller.

11.  Imaging apparatus according to claim 1 wherein the toner dispenser comprises

a perforated dispenser tube urged against the applicator at a region remote from the

application region.
12.  Apparatus according to claim | including an applicator assembly which forms
the layer of concentrated liquid toner onto the developer surface, the applicator
assembly comprising a stationary plate-type developer situated adjacent to the
developer surface and includes means for supplying liquid toner to an application
region formed between the plate and the developer surface.

13. Apparatus according to claim 1 wherein the concentration of solids in the

image portions of the developed image is at least 30 percent.

14.  Apparatus according to claim | wherein the concentration of solids in the

image portions of the developed image is at least 40 percent.

15 [maging apparatus comprising.
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an image-forming surface having formed thereon a latent electrostatic image,

the latent electrostatic image including image regions at a first voltage and background

regions at a second voltage;

a developer surface charged to a third voltage intermediate the first and second
voltages and having a second surface urged against and adapted for operative

engagement with the image-forming surface at a first, development, region;,

an applicator assembly operative to supply a layer of concentrated liquid toner
comprising charged toner particles and carrier liquid onto the developer surface, the

applicator assembly comprising:

an applicator having a moving surface which is urged into resilient engagement

with the developer surface at an application, region;

a toner dispenser which supplies liquid toner comprising charged toner particles

and carrier liquid to the application region;

a power supply which electrifies the applicator with a voltage such that the
electric field formed by the difference in voltage between the developer surface and the
applicator at the application region urges the charged toner particles toward the

developer surface, forming a layer of charged liquid toner concentrate on the developer

surface, wherein

the applicator and the developer have substantial relative motion at the

application region; and

wherein the developer surface develops the latent image by transferring at least
a portion of the total thickness of the layer of concentrated liquid toner from the

developer surface to the image regions of the image-forming surtace; and

means for transterring the developed image trom the image-torming surface to

a tinal substrate.
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comprised of open cell pores.

17.  Apparatus according to claim 15 wherein the applicator and the developer

surface move in opposite directions at the application region.

18.  Apparatus according to claim 17 wherein the relative motion of the applicator

and developer surface is between three and four times the absolute velocity of the

developer surface.

19.  Apparatus according to claim 15 wherein the relative velocity between the

developer surface and the applicator is greater than 150 mm/sec.

20.  Cleaning apparatus for removing residual charged liquid toner particles from a

moving surface comprising;

a squeegee roller urged against the surface and biased to a voltage at which the

particles are attracted to the squeegee roller; and

a sponge roller urged against the squeegee roller and ,moving at a differential

velocity with respect to the adjacent surface of the squeegee roller.

21.  Apparatus according to claim 20 wherein the sponge roller is biased to a

voltage at which the toner particles are attracted thereto.

22, Apparatus according to claim 20 and also including means for supplying a

liquid to the interface between the squeegee roller and the surface to be cleaned.

23.

liquid to the interface between the squeegee roller and the sponge roller

Apparatus according to claim 20 and also including means for supplying a



