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1 DCAGJ:NG APPARATUS AND MB'l'HOD AND LIQUID 'l'ONSll 'l'llBRBPOR 

2 FIELD OF ~HE INVENTION 
s The present 1nvent:ton relates to •, l.iqu:Ld toner and 
4 ~ma~ing method and apparat~s ~sing the liquid 

6 toner. 
' 8 BACKGROUND OF THB INVENTION 

7 Liqu~d toners have been in use for a great many yeara. 

8 ln U.S. Pa~ent 4,794,551, and in a number o~ other patents 

9 and publications based on this patent, liq~i4 toner having 
10 fibrous er tentecular toner pa~ticles maae of various 

11 material was descr~bea. 
12 There has been a need. tc provide a liqu~d tcner, which 

13 when used to torm an image on a substrate, forms a mo~e 
14 abrasion resistant image than ~hose ·formed by prior art 

1!; 1.iqu:Ld tone:t's. 
16 !~ ~- known in- the print£ng e~t to aad particle•, for 
17 example polyethylene particles, ~o ink or to the surface cf 
lS the s .. , .. ,,... ___ "' n order to improve the abrasion resistance of 
19 

20 

21 
22 

23 
24 :Lma;e 
25 

·~.._rticles project from the surface of the 
the image is more resistant to e~raaicn 

er, abrasion reaiatence to a conforming 
by a much smaller atn0unt, if at all. · 

own 1n the art to.coat an elready printed .. erasion resistant coating. 
-,:::;:,..,.,,,,.. SUMMARY OF 'l'HI %NVBN'1'%0N 

26 
'27 

28 

The present invent~on seeks ~o proviae, 1n one asp•ct 

thereof, an improvea toner having ~reater abrasion 

resistance than p~icr art toners. 
29 The present invention aeeka to provide in a =•lated 

30 aspect a metho~ ~or producing images using the new liquid 

31 toner. 
32 ?t has been found that the &cuff resistance, abrasion · 

33 resistance and peel resistance of e wide class of liquid 

34 toners aaay be improved by the adaition of a minor amount of 

35 an additional materia1 which, at the fusing tempe~•t~re used 

36 tor th• tcne:, has a much lower viscosity~ prefera~ly 
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l aeveral orders cf magnitude lower, than the viscosity c~ the 
2 toner particles at the fusing temperature and which forms a 
3 separate phase from the toner particles when solidified. 
4 lt is .believed that such material, during the fusing 

5 process, migrates to the outer surface cf the image. During 
· 6 cooling o~ the image after it £a fu$ed, the additional 

7 matarial forms a substantially separate phase resulting in a 
8 hard a11ppery coating cf the aadit~onal material which 
i protects the 1mage from abrasion. 

10 It has been found that the additional material may be 

11 added et almost any point during the toner manu~acturing 
12 proceas, but that the effect of the material is most 
1! pronounced when the material is added during the final stage 
14 cf the grind~ng o~ the toner or when it is separately ground 
1e and added as ~1nely ground material to the toner, 
16 ~here is thus provided, in accordance with a preferred 
17 embodiment of the invention an image form~ng method 
18 comprising: 
19 providing an ima.ge on a substrate, the ~mage conapr~aing 

20 toner particles including a polymer materiai, preferably 
21 comprising one ar mere af an e~h~lene copoiymer, en etnylene 
22 terpolymer or an ionomer; an additional material, p~eferably 
23 ccmpriaing one or more of polyethylene, a polyethylene wax, 
24 a homopolymer and a low molecular weight ionomer, which 

25 additiqnal material is solid at room temperaturei and 
26 carrier 11quid~ 
27 ~u•~ng the ~mage to the substrate by heating the ~mage 

28 to a fusing temperature at wh~ch the toner particles aoiten 
29 to a first viscosity, 
30 wherein the additional material has a second v~scoeity 

31 at the fvs~ng temperature which is at least ten times iower 
32 and prafara~ly at 1east two or three orders of m9gnitude 
33 lower than the tirst v~acos~ty. 
34 Preferably the toner particles are aolvated by the 

35 carrier liquid at the fusing temperature whereby their 
36 viaccsity i• reduced to the first viscosity, Preferably the 
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1 additional materiai is aolvatee by the carrier liqu£~ et the 
2 fusing temperature whereby it• viscos~ty ie ~educed to the 
3 second viscosity. 
4 Preterablr, during ~uaing or aubaeQuent cooling, the 
5 additional material migrates to the surface ot the image 

· 6 away from the substrate. Xn a preferred embodiment of the 
7 ~nvention, during cool~ng, at least a portion of the 
8 additional material forms a separate phase from the toner 
9 mater~al at said surface~ whereby the additional material 

10 forms a abraaicn resistant layer covering the toner 
11 material. 
12 In a preferred embodiment 0£ the invention, the 
13 additional material is comprised in the toner.particles. 
14 Alternat~vely or additionally the additional material is in 
15 a finely d~vided form and is dispersed 1n the carrier liquid 
16 separate from the toner particles. ' 
17 In a preferred embodiment of the invention, the 
18 add~t~ona1 material is at least »ar~ially inccmpat1b1e with 
19 the toner particles. 
20 There ~s further provided in accordance with a 
21 preferred embodiment of the in~ention, a liquid ~oner 
22 adapted fer f'ua1ng at a fusing temperature corapria.:Lng: · · 
23 toner particles comprising·a polymer material, 
24 pref arably incorporating one or more of an ethylene 
25 copolper, an ethylene terpolrmer er an ionomer, wh~c;h has a 
26 first viscosity at the fusing temperature; 
27 an additional material, prete~ab1y comprising one or 
28 mere of polyethylene, a polyethylene wax, a homopolymer and 
29 a low molecular weight ioncmer, which aaditional material is 
30 ao1id at room tell\perature and has a second viscosity at the 
31 fusing temperature1 end 

32 carrier 1iqu1d, 

33 the :first viscosity being at least 

34 preferably more than 100 or 1000 times. 

35 viscosity. 

ten times, 

the second 

36 in a preferred embodiment of the toner, the polymer 
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1 material 1s eoivated br the carrier l~quid at the fusing 
2 temperature whereby its viaco•ity is reduced to the first 
3 viscceity. Preferablr, the additional mater~al is aolvateO 
4 by the carrier liquid at the fusing temperature wherel:>y ita 
5 viscosi"tlr is ~uced to the second vtecos~ty. 

· 6 In a prafarr•d embodiment of the liquid toner, the 
7 additional mater£al ia comp•£sea in tbe toner part£c~~·· 
B Alternat~vely ar addi~icft&lly, the add~tional material ~. in 
9 a ~inely divided fo=m aftc1 is d~spersed in the carrier liquid 

10 se~arate from the toner partieJ.es. 
11 ~re~erably, the a4d~t~onal material is at least 
12 partially incompatible with the toner particles. 

13 
14 
·11 

16 
17 
18 
19 
20 

2l 
22 

23 
·2• 

25 
26 
27 

28 
29 
30 
31 
32 --
33 
34 
35 
36 
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l BRIEF DISCRIPTION OF ~HS DRAWINGS 
2 ~he present 1nven~1on will be under•tood and 
3 appreciated more fully from the following detailed 

' description, taken in conjunction wi~h ~he drawings in 

5·whieh: 
· 6 7ig. l is a simplified sectionai illustration of 

7 electrostatic imaging apparatus constructed and operative in 
8 accordance with a ~referred embodiment of the present 
9 invantion1 

10 Pig. 2 is a simplified enlarged sect1ona1 illustration 

11 0£ the apparatus of Fig. 11 
12 F~g. 3A is a simplified, cross-secticnal side view ot 

13 an intermediate transfer member, including a removable· 
14 intermediate trana~er· blanket mounted on a drum, in 

lS accordance with a preferred embodiment of the invention; 

16 Fig. SB is a partially cut-away top view cf the 
17 intermediate transfer nieml)er of Fig. SA; 
18 F:Lga. 4A and 48 are reapect:Lve 'top and aide views of an 
19 intermediate transfer bianket in accordance with a preferred 

20 embodiment of the invention: 
21 Fig. 4C shows details 0£ the layered construct~on of 
22 the interdediate transfer blanket 1n accordance with a 
23 pi-eterred embodiment of the invention; 
24 Pig. 4D is a out•away expanded view of a securing 
25 mechanism en tbe interinediate tren•f er blanket of Figs 4A 
26 and 48; and 

27 F~g. 5 ~s a simplif~ed c~oas-aect~cnal illustration o~ 

28 a ·portion of an intermediate transfer member, includ~no a 
29 removable intermediate t~ans~er blanket mounted on a drum ~n 

30 accordance with another preferred embodiment cf the 

31 invention. 
32 
33 
34 
35 
36 

... 
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l ~BTAILED DBSCR%PTION OF P~EFERRBD EMBODIMENTS 

2 Ref•rence is now •ade to Figs. 1 and 2 which illustrate 
3 a mu1ticclor electrostatic :l.maging sratem constructeo and 
4 operative ~n accordance w~th a preferred embod~men~ cf the 
5 present invention. As eeen in Ftga. l and 2 there is 
15 provided an .f..mag:l.ng sheet, preferably an organic 
7 photoreoeptor 12, typically mounted on a rotating drum 10. 
B Crum 10 is rotated about its axie by a motor or the like 
g (not ehown), in the direction of arrow ie, past charging 

10 apparatus 14, preferably a carotron, acorotrcn or roller 
11 charger o~ ether suitable charging apparatus known £n ~he 
12 art and which ~• adapted to charge the surf ace of aheet 
13 photcreceptor 12. The image to be reproduced is focuaed by 

14 an imager 16 upon the charged surface 12 at least partially 
15 d1scharging the photoconductor 1n the areea et=-u.ck by light, 
16 thereby forming the electrostatic ·1atent i.mage·. Thus, the 
17 1atent image norma11y £ncludes image ereae at a ~irst 

18 electrical potent~el and background areas at another 
19 electr:lcal potential. 
20 Photoreceptor aheet 12 ma)' use any suitable 
21 arrangement of layers of Materials ·as is kncwn 1n the art, 
22 however, ~n the preferred embodiment of the photoreceptor 

23 sbeet, certain of the layers are removed from the en4s of 
24 the sheet to facilitate its mount~ on drum 10. 
25 Th1s pratar~ed photoreceptor sheet end pre~erre4 

26 methods of mounting it on drwn 10 are described .1n a co-
27 pending u. s. Patent appiication of aei~nkov et al., IMAGING 

28·APPARATUS ANO PHOTOR:SC'SPTOR THEREFOR, filed September 7, 
29 1994, aes1gned aerial number 08/30l,175w the disclosure of 
30 which is ~ncorporated herein by reference. A1ternat1vely, 
31 photoreceptor 12 may be depcsitea en the drum 10 and ~ay 
32 term a continuous surface. Furthe:nnore~ photorecep~o~ 12 may 
33 be a non-organic type photoconauctor based, ~or example, on 
34 a compound of seienium. 
35 Imaging apparatus 16 may be a modulated laser beam 
36 scanning apparatus, an optical focusing device for imaging a 
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.1 copy on a drum or other imaging apparatus such as ~s known 

2 :ln the art .. 

3 Also associated with drum 10 an4 phato~eceptor sheet 

4 12, in the preferred embodiment of ~he invention, are a 

5 multicolor liquid developer spray assembly 20, a deveioping 
· 6 assembly 22, color specific cleaning blade assemblies 34, a 

7 bacJc.g:round. cleaning station 24, an electrified squeegee 26, 
8 a background discharge device 28, an intermediate transfer 

9 mem~er 30, cleaning apparatus 32, and, optionally, a 
10 neutralizing lamp assembly S6. 
ll Develcping assembly 22 preferably incl~dea a 

12 development rcller 38. Development ::oller 3B is p~efe~ably 

13 spaced from photoreceptor 12 thereby fo~ming a gap 

14 therebetween of typically 'D to 150 micrometers and ia 

15 charged to an electrical potential intermediate that cf the 

16 image and background areas cf the image. Development roller 

17 38 is thus operative~ when maintained at a euita~le voitage, 
18 to apply an electric field to a~d development of the latent 

19 electrostatic image. 
20 Development roller 38 ~ypica1ly rotates in the same 

21 sense a• drum. 10 as indicated by arrow 40. This rotation 

22 prov~dea ~or the surf ace of sheet 12 and 4evelopment r011er 

23 38 to hava opposite velocities at the gap between them. 

26 Multicolor liquid developer apray assembly 20, whose 

2o operation and structure is described in detail in u.s. 
26 Patent 5,117,263, the disclosure of which ~s ~ncorporated 

27 herein by reference, may be mounted on ax1a 42 to allow 

28 assembly 20 to ~· pivoted in such a aanner that a spray of 
29 1iqu~d toner containing electrically charged p~gmented toner 

30 particles can be d1rected eithe~ onto a portion of the 

31 development rol~er 38, ·a portion at the photoreceptor 12 

32 or directly into a development z-egion 44 be'f:ween 

33 photoreceptor 12 and development ~Oller 38. Alternatively, 

34 assembly 20 may be fixed. P~eferab1y, ~he apray ia directed 

35 onto a portion of the development roller 38. 
35 Colar specific cleanin; blade aasem~l~e• 34 are 
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1 operatively associated with developer roller 38 for separate 
2 removal of residual amounts of each colored toner remaining 
3 thereon after 4evelopment. Bach cf b1ade assemblies 34 is 
4 selectably brought into operative association with deve1oper 
5 roll•~ 38 onl7 when toner of a co1or corresponding thereto 

· 6 ia supplied ta development ~agion 44 by spray asaembl~ 20. 
1 The oonetruction and operat~on of cleaning blade assemblies 
8 is described in PCT Publ~cation WO 90/14619 and in us patent 
9 5,289,238, th• disclosures ct which are incorporated herein 

10 by referel'\Oe. 
ll Bach c1een~ng blade assembly 34 includes a toner 
12 directing member 52 which serves to direc~ the toner 
13 removed by the cleaning blade aaaembiiea 34 from the 
14 developer roller 38 tc separate collection conta~nera 54, 
15 56, 58, end ISO,. far each color to prevent contamination of 
16 the various developers by mixing of the colors. ~he toner 
17 collecte~.by the co1lect1on containers ~s recyclea to a 
18 corresponding toner reservoir (55, 57, 59 an4 61), A final 
19 toner d~reot~ng member 62 always engages the developer 
20 ro1ler SS an4 the toner collected thereat is supplied £nto 
21 ca1lection container 64 and thereafter to reservoir 65 via 
22 eeparato~ 66 which is cperat1ve to separate relat1vely clean 
23 carrier 1iqu1d tram the va:r:Lous colored toner partJ.clea. 'l'he 
24 aeparator 66 ~•Y be typically of ~he type described ln u.s. 
28 P•tent 4,98,,732, tha discioaure o! which ~s incorporated 
26 herein .by n~erence. 

27 In a pre:erred embodiment o!·the invention, as 
28 described in U.S. Patent 5,255,058, 'the disclosure cf which 
29 is incorporated here£n by reference, whe~e ~he imaging apeed 
30 is very h£gh, a baakgroun4 cleaning ataticn 24 typically 
a1 inclu~ing a reverae rolle~ 46 and a fluid spray apparatus 48 
32 is provided~ aevei-ae roller 46 .. wh:1cb rotates in a e1;rection 
33 indicated by arrow SO is elactr~callr biased to a potential 

34 intermediate that ct the 1mage and bagkground areas of 

35 photoconductive drum 10, but different from that of the 
36 development roller. Reverse roller 46 ia preferably spacaO 
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l apart frcm photoreceptor sheet 12 thereby forming a gap 
2 therebetween which is 'tl'P~cally 40 to 150 micrometers. 
3 Fluid spray apparatus 48 ~eceives 11quid toner from 
4 ~ese:rvoir 65 via conduit ea and operates to prov~de a supply 
5 of pre~erably non-pigmented carrier liquid to the gap 

· 6 between sheet 12 and reverse roller •d. The liquid supplied. 
7 by fluid spray epparatua 48 replaces the liquid removed from 
8 drum 10 by development assembly 22 thus allowing the 
9 reverse ro11er 46 to remove charged ~tgmented toner 

10 particies by electropbo~esis f~om the background areas o~ 
11 the latent ~mage. Bxcesa fluid ia removed from reverse 
12 roller 46 br a liquid directing member 70 which continuously 
13 engages :reverse roller -46 to collect excess liquid. 
14 contain~ng toner particles of various colors which is in 
15 turn suppl~ed to reservoir 6e via a collect~cn container 6& 
16 an4 separator 66. 
17 The apparatus embodied in ·re~erence numerals 46, 4S, 50 
18 and 70 ~• not required for law speed systems, but is 
19 preferably included in high speed systems. 
20 Pre!erably, an electrically biased squeegee roller 26 
21 is urged against the surface o! sheet 12 and is operative to 
22 remove iiquid carrier from the background regiona and to 
23 compact the J.mege and remove l1qu1d ·ca~rier therefrom in the 
24 ~mage reg~ons. Squeegee roller 26 ia p~eferabl7 formed o~ 
2! resilient slightly conductive polymeric material as is well 
25 known in the art, and is preferably Charged tc a potentiai 
27 of several hundre4 to a few thousand volts with the same 
28 polar~ty as the polar~~Y o~ the charge on the toner 
29 part.tcles. 
30 Discharge device 28 is operative to flood ~e sheet 12 
31 w~th light which discharges the voltage remaining on sheet 
32 12, mainly to reduce e1ectrical break~Qwn and ~mprove 
33 transfer of tbe ~mage to ~ntermediate transfer member 30. 
34 Operat~on of such a device in a write black system is 
35 described in u.s. Patent 8,280,326, the disclosure of which 

36 ia incorporated herein by reference. 
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1 Pigs. 1 and 2 further show that multicolor toner spray 

2 assembly 20 receives separate supplies of colored toner 
3 typically from four different reservoirs es, 57, S9 and 61. 

4 Figure 1 shows four different colored taner reservoirs 55, 

5 !7, e9 and 61 typically containing the eolors Yellow, 

. 6 Magenta, Cyan and, optionallyt Black respectively. Pumps 90, 
7 92, 94 and 96 may be provided along respective aupply 

8 concsu~ts 98, 101, 103 and 105 for :;n:ov~ding a desired amount 

9 of pressure to feed the colo~ed toner to multicolor apra7 
10 esseml>ly 20. Alternatively, multicolor toner spray assemblr 
11 20, which is preferably a three level spray assembly, 

12 receives supplies at colored toner from up to six different 

13 resez:vcira (not shown) which allows for custom colcn:ed tcnes 

14 in addition tc the standard process co1ors. 
15 lt has ~een found that the scuff resistance, abrasion 

16 resistance and peel resistance of a wide class ot liquid 

17 toners may ~e improved by the addition cf a miner amount, 

18 between 2t and 20t, preferably ~etwaen 4t to l5t, mos~ 

19 preferably about 10• (with respect to the eoiids content of 

20 the toner) of an additional material wh.i..ch, at tbe i'us.t.n; 
21 temperature used fer the toner, has a much lower viacoai~y, 

22 preferably several orders of magnitude lower, than the 

23 visccsit7 cf the toner particles and which forms a separate 

24 phase from the toner particles when solidified. It :la 

25 be11eved that such mate~ial, during the fusing process, 

26 migrates to the outer su~face of the image. During cooling 

27 of the image after it is fused, the additional material 

28 forms a aubatantiallf separate phase resulting in a bard 

29 sl~ppery outer coating of the additional material which 

30 protects the image from abrasion. While not believed to be 

31 abso1utely necessar~ ~o: the ~nventian, the addit~onal 

32 materials which have been found useful are at;.. least 

33 partially incompatible with the tcner partic1ea. 
34 It has been found that the additional material may be 

35 added at almost any point during the toner manufeoturing 

35 process, but tbat the salutary ettect of the additional 
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1 material is most pronounced when it is added during the 

2 final atage of t:he grind:Lng cf the toner or when it is 

s separately ground and added as finely ground materiel to the 
4 ~inished toner and dispersed in the carrier liquid. soaaewbat 
5 lass than optimum rasulta are achieved when the eaditional 

6 mater£al is added at the beginning of the grtn~ing process 

7 or during the plasticization of the toner. 

8 The prefarre4 addit~onel mate~1al is Microniaa4 

9 Polyethylene Wax, for example ACUmist A-12, ACumist B-12 and 
10 ACumist c-s (Allied S.ignai, Inc.). Other use~ul ma~erials 

ll are A•C 9A and A-c 1702 Homopolymers (Allied Signal), and 
l2 AC•290, AC·293A and a.imilar ionomera.wh.i.ch are low molecular 

13 weight ethylene-based copolymers neutralized with metal 

14 salts f~J:"m~ng ionic clusters, manufactured by Allied 8£gnal 

15 and sold un~er the trade Mark "AClyn." 
16 One preferred method of forming a toner having improve4 

17 abrasion resiatanae is the following: 

18 1) Solubili~ina 1400 grams of Nucrel 925 (ethylene 

19 copa1ymer br Dupont) and 1400 g of lsopar L (Exaon) are 

20 tboroughly mixed in an ci1 hea~ed Ress Double Planetary 

21 Miaer at ieaat 24 KPM for l. !5 hours, w:l th tbe oil 

22 temperature at 1so•c. 1200 g of preheated Isopar L is ~dded 

23 and mixing 1• continued for an add.1~icnal hour. The mixture 

24 i• cooled to 45•c, while.stirring~• continued over a period 

25 Of several hou~a, to form a ViSCOU8 material. 
26 2) Mil~:l.ns; and Gr:lnd:l.99 762 grams o~ the result o'f tbe 

2? SOlubilizing step are grouno in a lS ettr1tor (Union Precess 
28 Inc. Akron Ohio), charged with 3/16" carl:>on steel bal1s a1: 

29 250 RPM, together witb ee.7 grams ot Mogul L carbon black 

30 (Ca~ot), 6.7 grama Of S~ 5830 (blue p~gment produced by 

31 Cookson), S grams of alum.inum tri steerate and an additional 

32 1459.6 grams Of lsopar L ~Dr eight boura at 30°C. 

33 3) continuation of Orindfn,,g 34.5 grams of ACum~at A-12 
34 is added ano grinding 1• continued for an a44iticnal 4 

35 hours. While 4 houra is believed to be the optimal grinding 
se time for the added material, much shorter gr~nding periods 
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1 and adding the ACumiat A-12 at the start o~ step 2 (or even 
2 at the start of step 1) also give aubst:antially 1.mproved 
3 abrasion :res!l.atance. The resulting particles are f.ibroua 
4 part~clea having a measured diameter in t~e range of 1-3 
S micrometers. 

6 The resulting material ia diluted with additional 

7 leopar L and Marcel 82 to g~ve a working developer in which 
8 the dry solids portion !a about 1.7, and in which the 
9 overall ratio of lsopar L to Marcel is between about 50:1 

10 and SOO:l, more preferably between about 100:1 and 200:1. 

ll Charge director as described in US patent application 

12 07/915.291 (utili~ing lecithin. BBP and ICIG33008) and in WO . 
13 94/02887, in an amou~t equal to 40 mg/gm of solids, is added 
14 to charge the toner particles. Other charge directer• and 
15 additional additives as are known in tbe·a~t may a1so be 
16 used. 
17 A1ternatlvely, ACumist A·l2 or one o~ the other 

18 materiala 1isted can be pre-ground to a particle size of 1 
19 to 2 microns and added to toner produced eocording to the 
20 above method, to which the ACumist A-12 was not added d~ring 
21 grinding. 
22 Another additional material which has ~een found 
23 useful ~s the precipitate formed when the B-12 or the ·A-12 
24 mater1al (60 grama) is heated and solubilized together with 
25 30 grams of zinc etearate in 556 grams leopar L and then 
26 stirred while cooling to room temperature. Thie materia1 may 
27 be added during the grinding atep or separately. 
28 The above described process produces a black toner. 
29 Cyan, magenta and yellow toners can be produced by us~ng a 
30 different mix of materials £er step 2). For Cyan toner 822g 
31 of the aalub1lized material, 21.33 grams each of BT 583D ana 
32 BT 7880 pigments (Cookson), 1.73 grama of Dl3S5DD p.igment: 
33 (BASP), 7.59 grams of aluminum tri atearate and 1426 grams 
·34 0£ Isopar L are use4 ~n step 2. For Magenta toner, 810 grams 
SS cf solubilize~·material, 48.3 grams of F1ness Rea F2B, 6.81 
36 grams of aluminum tri-atearate and 1434~2 grams of Isopar L 
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1 are ~•ed in step 2. Per yel1ow toner, 810 gr•ma of 

2 aolubilizad material, 49.1 grams cf D1355DD pigment, 6.9 
3 gra$S of aluminum tri•stearata and 1423 grams of Iaopar L 

4 are used in step 2. 

5 The additional materia1s described above also give 

6 i•p~oved abrasion resistance for l~quid toner based on 
7 Bynsll 2002 (eth~le~e terpoll'JRer by Dupont), surlyn 8940 or 
8 8920 (ionomers by Dupont) and Ictek 8030 (ianomer by.latek) 
9 and b1ends at these materials. ~he use cf additiona1 

10 materials having the characteristics described above is 
11 believed tc- have applicability to a wide range of toners 
12 which comprise polymer particles ana hydrocarbon carrie~ 
lS liquids. 
14 Intermediate transfer member 30, an especially 
15 preferred embodiment of which ia described ~n detail be1ow 

16 (in co~j~nction with Figs. 3 and 4), may be an~ au1table 

17 1ntezme4~ate tranafer member- having a multilaye~d transfer 

18 portion such •• those descr~bed below or in US Patents 
19 5,089,856 or 5,047,BOB the diaolosure• o~ which are 
20 incorporated herein by rafe~ence. Member 30 1s ma1ntai.ne4 et 
21 a euitab1e voltage and temperature for e1ectrostatic 
22 tranef er of the ~mage there~c from the image bearing 
23 e~rface. intermediate transfer mem~er 30 ~s preferably 

24 associated with a praasure roller 71 for transfer and ~using 
25 of the image onto a fina1 substrate ?2, auch as paper, 
26 pre~erably by heat and pressure. For the especially 
27 preferred toner described above, an image temperature of 
28 about 95•c at the inception cf fusing is preferred. 
29 Clean~ng apparatus 32 ~· operat~ve to scrub clean the 
30 surface of photoreceptor 12 and prefera~ly incluaes a 

31 cleaning roller 74, a sprayer 76 to spray a non-polar 

32 cleaning 11qu~d to assist in the scrubbing process and e 
33 wiper bla6e 78 to comp1ete the clean.;t.ng ... of the 
34 phatoccnductiva eurface. Clean~ng roller 74 which may be 
35 formeo ot any sy~thetic resin known in the art for this 
36 purpose ia driven in the same sense as drum 10 as indicated 
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1 b~ arrow BO, such that the surface of the roller scrubs the 
2 surface of the photoreceptor. Any residual charge left on 
s the surface of photoreceptor sheet 12 may be removed by 
4 flooding the photcconductiva surface with light from 
5 cpticnal neu~raltzing lamp assembly 36, which ma7 not he 
e required 1n pract~c::e. 
7 In accordance with a ~ref erred embcaimant of the 
8 invention, after developing each image in a ~iven coior, the 

9 singie coior ~mage is tranaferred to ~ntermed!ate transfer 
10 member 30. Subsequent images in different co1ors are 
11 sequentially transfer~•~ ~n alignment with the previous 
12 image onto inta:inediate transfer ~811lber 30. When all of the 
13 desired images have been traftsferred tbereto, the complete 
1' mult1-coior image ~· ~~ansferrea from transfer ~ember so to 
15 substrate 72. Xmpresaion ~o1l•~ 71 only producea operative 
16 engagement between inte~mediate transfer member so and 
17 substrate 72 w~en transfer of the compcaite 1mage to 
18 subatrate 72 takes place. Alternatively, each ain;1e color 
19 image is separately transferred to the substrate v1a the 
20 intermediate tranafer mem.l)er. In thie case, tbe substrate is 
21 fed through the maehine cnce f o~ each colcn" o: 1• held on a 
22 platen and contected with ~ntermediate trans~er member 30 

23 for composite image transfer. Alternatively, the 
24 £ntermed~ate transfer member is emitted and the developed 
25 single color images are transferred ae;uent1ally directly 
26 from drum 10 to substrate 72. 
27 Figs. 3A, 39 and •A-4D ~liuatrate a pre~erred 

28 embodiment of intermediate transfer inemt>er 30 ~n accordance 
29 with a preferred embodiment of the invention. Fig SA shows 
30 en £nterme4iate transfer blanket 100 mounted on a drum 102. 
31 ~ransfer blanket 100 (whose details are shown in Figs. 4C 
32 and 4D) comprises a p::r:efe~ab1y layered ~rans£er po~t!on 104 
33 and a mounting ~1'tt1ng 106. 
34 As ahown moat clearly in Fig. ,C, transfer portion 104 
35 comprises a relea•e layer 109 which ia outermost on the 
36 blanket when it i• mounted on drum 102. Underlying layer 109 
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l is a conform~ng layer 111 preferably of a ao£t e1astomar, 
2 preferably of polyurethane and preferably having a Shere A 
3 hardness of leas than about 65, more preferably, less than 
' about 5!5, but pre~erably more than about 35. A suitable 
5 hardness value is between 45-SS, preferably about 50. 

· 6 Underlying layer 111 is a conduotive layer 114 which 
7 overlays a thin barrier layer 115. Barrier la~er 115 
8 ove~laye a blanket body 116 comprising a top layer 118, a 
9 compressible layer 120 a~d a fabric layer 122. Underlying 

10 the fabric la7er .is an adhesive 1ayer 126 which ~s ~n 
11 contact with drum 102. 

12 Drum 102 is preferably heated by aft internal halogen 
13 lamp heater or other heater to ei4 t~ansf er of the image to 
14 end ~rom the rel•ase layer 109 to a £inal substrate as is 
15 well known in the art. For the preferred liquid toner, the 
16 tempe~ature at ~be aurface of the intermediate transfe~ 
17 member 1a pre~erably about 95•c. The degree of heating wil1 
18 depend en the characteristics Of ~he toner used in 
19 conjunction with the invention. 

20 Aa shewn in Piga. 4A, 4B and ~D, ft\O~nting fitting 106 

21 comprises an elongate electrically conducting bar 108, for 
22 example, o~ a metal euch as aluminum formed with a series o~ 
23 L-sheped mounting legs 110 (in the form of ~inger-like 
24 extensions) which are also conducting, preferably of the 
25 same materiel as bar 108, and preferably formea integrallr 
26 therewith. ln particular, bar 108 is formed with a slot into 
27 which the end of layered transfer portion 104 1a inserted. 
28 Pre!erablyr the end of the 1ayered portion which is inserted 
29 :Lnto the mounting bar doe• not have a release leyex- l09 or 
30 conform~ng 1ayer 111, whereby con~uct~ng 1ayer 114 is 
31 exposed and £a ~heZ"efo:i:e £n e1ectr~ca1 ccn~act w~th ba~ 108. 
32 Alternatively~ the bar 108 can be for~ed with sharp internal 
33 prcjecticns which pierce the outer lay•rs of the blanket and 
34 contact the conducting layer. 
35 Optianally, each of the layers beneath the conducting 
36 layer 114 may be partially conducting (for example, by the 
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l a041tion of conductive carbon black or metal ~ibers) ancJ the 
2 adhesive layer mar be conductive, ~uch that cur~en~ also 
3 flows directly from tha drum surface to the conducting 
4 .laye:. 

5 ln cne prefarrea embodiment of the invent£on, l~tting 

6 106 is formed of a •~ngle sheet o~ metal, where~n the legs 
7 are pa~tially cut ~rom the metal whiah is bent into a u 
8 shape to form the slot into which the layered portioft is 
9 ineerted. After insertion, the outer wells cf the sio~ ara 

10 forced aga~nst the layered portion to eec~re the layered 
ll portion in the aiot. The part~ally cut out portion is bent 
12 to form the mounting lege. 
13 In the preferred embodiment of tbe invention ahtntn in 
14 P£gs. 1-3, drum 102 ia maintained at a potential auita~le 
15 tor transferring images to the intermediate transfer member, 
16 for example at 500 volts, which voltage is applied, vta 
17 mounting titting 106 tc conauot1ve layer ll4. ~hus, the 
18 source a! tranafe: voltage 1• very near the o~ter surface o.e 
19 portion 104 which allows tor a lower transfer potential on 
20 the drum. 

21 In a preferred embodiment o! the invention, transfer 

22 portion 104 ~• fabricated by the ~ollowing procedure: 
23 l• The starting atruct\Jre for blanket construction is a 
24 blanket bodr 116 generaliy sim11ar to that generally used 
25 for printing ~lankets. One auitable body is MCC-1i29·02 
26 manufactured and sold b7 Reeves 8pA, Lodovicio (Milano), 
27 Ital.y. In a preferred embodiment of the invent::l.on, boe'ly 1U5 
28 compr1aes a fabric layer 122, preferably of woven NOMIX 
29 material and having a th~ckness of about 200 miorometers, a 
30 compressible layer 120, preferably comprising about 400 

31 mic~ometers of ••~urated n~trile rubber loaded with carbon 
32 black to ~ncreaaa £ta thermal conductivit~. Layer 120 
33 pt"e:ferably conta.tns small voids (about 'O - 60 t .by volume) 
34 and a top 1ayer 118 preferably comprise~ of the aame 
35 materiel as the compressible layer, l)ut without vo14s. Layer 
S6 109 is praterably 11}.aout 100 micrometers thick. The blanket 
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1 bodr is produced by manufacturing methods as are generally 
2 used for the production of otf eet printing blankets fo: ink 
3 offset pr~nting. 
4 Blanket body 116 is preferably aized ta a relative1y 

5 exact thickness by abrading portions of the surf ace of top 
6 layer 118. A preferred thi~kneae tor the finished body 116 
1 is about 700 micrometers, although ether th~cknesses are 
8 useful, depending on the geometry of the printing system 1n 
9 which lt :Ls used and. tt'le exact mater:l.ala used in the blanket 

10 body. 
11 2• The fabric aide cf blanket body 116 is preferabl~ 
12 coated with a 30 micrcmeter thick coating 0£ silicone based 
13.adhesive (preferably, Type D 66 manufactured ~Y Dow 
14 corning). The adhesive ~a covered with a sheet of myl•~ 
1S coated w~th a fluoroailiccne material, such aa DP 6648 
16 Release Peper (one aide coat) distributed by H.P. Smith 
17 Inc-, Bedford Park, %~.This adhesive is characterized by 

18 its goad 1'cnd to the surface of Cr\Ull 102 and is resistant to 
19 the carrier liqu.:t.d used in the l:tqu:l4 toner. The bl.anket may 
20 be removed from the drum, when ite replacement ia desired, 
21 by cutting the blanket along the edge of fitting 106 and 
22 ~emoving the blanket and fitting. 
23 An adhesive is used to ass~re good thermal contact 
24 between the back of the blanket and the drum on wh1cb it is 
25 mounted. A silicone adhesive ia uee4 since adhesives 
26 normally used .:Ln attachment of blank.eta deteriorate under 

27 the heat which ia genera~ed in the underlying drum in the 
28 prete~red apparatus. While the temperature of the drum 
29 varies, depending on the thermal ~••!stance of the blanket 
30 and the desired surface temperature cf the blanket (which in 
31 turn depends on the toner usea in the process and ~he 
32 details of tranafe~ of the tone~ to the final subat~ate), 
33 the o~um ~empa~ature may reach so•cr 1oo•cr 12o•c or iso•c 
34 ar moJ:e. 
35 3· 7op layer 118 is preferably coated with a sub-micron 
36 layer a~ primer J:)efare being coated. with ed01tiona1 layers. 
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l A preferred primer is Dow earning 1205 Prime Coat. The type 
2 cf primer depends on the properties 0% the top 1Byer and of 
3 the conductive layer. Preferably, 0.3 micron cf primer is 

4 coated onto a clean top layer with a No. 0 bar i.n a wire 
5 coat~ng apparatus and ~s allowed to dry before applying the 

6 conduct1ve layer. 
7 4- Since blanket body 116 may contain materiala such as 
8 anti-oxidants, anti•osonants or other add~tivea which ma7 
9 m~grate through the upper layers o~ the blanket# for example 

10 aa a gas, when the blanket is heated during the imaging 
11 process and/er in the preaence of carrier liqu14 aucb as 
12 Iacpar L, ~arrier layer 115 is preferably coated onto top 
13 layer 116. This barrier 1ayer should be sybstant~ally 
14 impervioue to such materials in the blanket boay which Jll8Y 
15 migrate ana/or to tha carrier liqu~d which is used. 
16 If this layer is omitted, under certain circumstances 
17 the additive materials can cause deterioration at the 
18 photoreceptor. Zn particular, ~t was found that the imaging 
19 process ma7 become humiditJ' dependent. 
20 ln a preferred eabod~ment of the invention, a '•11 
21 m1cromete~ iayer at polyvinyl alcohol (8Bt hydro1yzed) is 
22 coated onto the primer layer covering top 1ayer 118. 
23 Polyvin71 alcohol, est hydrolyzed, having an average 
24 molecular weight prefera~ly between 85,000 and 1,5,000 
2S (Aldrich Cbemic,1 Co. Inc., Milwaukee, W1) 1s dissolved in 
28 water at 90•c by continuously stirring the mixture in a 
27 reflux ay•tem tor 30 m~nutes. After 30 m~nutes, a quantity 
28 of ethanol equal to twice the quantity of water ia added to 
29 the aoiut:Lon, the reeul t1.ng pol)'V1nyl a1cahol concentration 
30 being p~eferably less than lOt. Higher conaentratian 
31 aolut~ons can be used; however, they g~ve a more viscous 

32 aolution which 1• hard to spread evenly. ~-

33 ~he solution is deposited on layer 118 of body 116 
34 using a fine wire rod or knife incl~ned at 30-45• to the 
35 direction cf movement of the knife or body, The solvent is 
36 evaporated either b1 drying at room temperature or by 
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1 blowing hot air em the layer. 

2 One o:;- mere coating passes are 1 eanployed tc give the 

3 required thickness. 
4 Too tb~n a leyer w~ll result ~n some trans~er of 

5 material f~om body 116, which has been correlated with 

6 "clumping" or agglomeret~on of the toner particles in the 

1 liqu~d toner. Th1s is believed to be caused by photoreceptor 

a deterioration. While four -~crometers of ma~erial appears to 

9 be sufficient to avoid leaching, a somewhat iarger 

10 thickness, for example, 6 m£crometere, is preferabl~ useo. 

11 Other barrier materials and other thicknesses may be 

12 used depending on the carr~er liguia used ~or the toner.or 

13 the gasses :released by body 116. Other materia1s may :require 

14 lesser er greater toner th~ckness depene~ng on their 

15 resistance to the carrier liquid or the gasses released by 

16 body 116. Alternatively, if bcdy 116 is resistant to 

17 leach1ng by the carrier liquid or does not contain materials 

lB which are released (espec£e1ly when bod~ 116 ia heated), 

19 layer 1115 may l>e omitted. 
20 . Polyvinyl aicohol is a thermop1astic crysta111ne 

21 material having a melting point which is higher than the 

22 te~perature cf the blanket Ouring operation. Polyy1nyl 

23 alcohol is also believed ta f o~m a layer which is impervious 

24 ta·gesses and ta tbe hydX'ocarbon carrier liquid used in the 

29 liqu!l.d toner. 
26 5- conductive layer 114 is preferably formed of acrylic 

27 rub~er 1oaded with conductive carbon black~ xn a pre£erred 

28 embodiment of the invention, only 2·3 micrometers af 

29 conductive coating are req~ired. The conductive layer is 

30 formed by first oompcunding 300 grams of Hytemp 40S1EP (B.F. 

31 Goodrich) with 6 g~ams cf Hytemp NPC SO and 9 grams of 

32 sodiwn stearate 1~ a two-roll mill for 20 min~tes; and then 

33 dissolving 150 grams of the compounded •aterial 1n 2000 

34 grams of methyl ethyl ketone (ME~) by stirr~ng fer 12 houra 

35 at room temperature. 
36 •O grams of conductive carbon black~ such as, for 
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1 axampla, Printax X!2 (Degussa) ara added to tbe solution and 
2 the aixture is ground tn a 01 attr~~or (Union Process) 
3 leaded with 3/16~ steel balls. Grinding proceeds at io•c for 
4 4 hours •~ter which time the materia1 1a diluted by the 
5 addition of MEX to a· concentrat1on of 7.5-St solids and 
6 discharge~ from the grinder in the form of a conductive 
7 lacquer. 
8 'I'he blanket (after step 3 or step 4) is overcoate.S w:l.th 
9 about 3 micrometers cf the conduct~ve lacquer (three passes 

10 using a Na. 0 rad) and allowed to Clry :ear !S minutes et i-oom 
11 temperature .. 
12 An additional coating of primer 1s added over the 
13 conductive lacquer (eacapt for the portion wh1ch is to be 
lC inserted. into t>ar 108) ba':fo:-e the saf t elaatoaner1c 
15 conforming la7e~ 1s applied. 
16 '!he :resistance of the co.nduct.:l.ve layer should 

17 preferably be mere than about 20 kahms/square and preferably 
lB less than about 50 kohm./square. This val'ue will depend on 
19 the res~ativi'tJ' cf the layers above the conducting layer an4 
20 on the aspect ret~o ot the ~lanket. In general, the 
21 ~esistance ahou14 be law enough so that the cur:-ent flowing 
22 on the conducting 1ayer (to supply leakage current through 
23 the overlying layers) should not cause a substantial 
24 va~1at~on of voltage along the surface of the ~lanket. ~h• 
25 ras~stance of ~he conducting layer and, mere importantly, 
26 the resistance of the over1ying layers control the current 
2? !lowing ~brough the overlying la~e~s. Generally speaking, 
28 the conductive layer has a relatively low resistance and 
29 reaiativity, the confo~ming layer (layer lll) has a higher 
30 resistiv£ty and the overlying release layer (layer 109) has 
31 a at~ll h1ghe:r ~••1ativ1ty. 
32 6- One kg of pre-filtered Fcmra~-50 Po1yester resin 
33 (Hagalil company, Aahdod, Israel) is dehydrated and degassed 
34 under vacuum at eo•c. 600 grams of the degassed material ia 
35 mixed with 1.4 grams ot di•butyl•tin•diluarate (Aldrich) and 
36 degaase~ at ~oom temperature tor 2 hours. 30 gra•s cf the 



- 21 -

1 resulting material, 3.15 grams of R~V Silicone 118 (Gene~al 
2 Electric), 4.5 grams of Polyurethane cross-linlcer, DESMODUR 

· 3 44V20 (Bayer) and are stirred to;ether. A 100 m1c~ometer 

4 layer ot the materia1 is coated over the prime6 conductive 
5 layer using a No. 3 w~re rod with eeveral passes under clean 
6 conditions, preferably, class 100 conditions. The coat~ng ~• 
7 cu:e4 for two hours at room temperature under a c1ean hood 

B to form a polyurethane layer. 
9 ~ayer.111 which is th~• ~ormed should have a resistance 

10 of the order of abcut 109 ol'ml-cm, good thermal stabil1ty at 
11 the wo~k1ng temperature of the blanket, which ia preferaoly 
12 about 1oo•c er less. 
13 The f unct~on of the conforming layer 1• to provide gooa 
14 conf ormat~on of the blanket to the ~mage forming surf ace 
15 (an4 the image on the image forming surface) at the low 
16 pressures used in tranafe~ 0£ the image from the image 
17 forming suriace to the blanket. ~h• layer shou1d have a 
18 Shore A hardness preferably of between 25 or 30 and 65, snore 
19 preferably about 50. While e th~ckness of 100 micrometers is 
20 pre~erred, other thicknesses, between 50 micrometers and 300 
21 micrometer• can be uaea, with 75 to 125 micro•eters being 
22 preferred. 
23 7- 12 grams of RTV silicone 236 (Dow Corning) release 
24 material diluted with 2 grama cf Iaopar L (Sxxon) and 0.72 
25 Q~ama cf Syl-off 297 (Dow Ccrning) ere mized together. A 
26 wLre rod (bar Ha. 1) coating syatem £s ·used, with £~ve or 
27 six passes, under ciean conOit~ons to achieve an 8 
28 m~crometer release layer thickness. !l'he material 1s cured at 
29 140•c for two hours. The cureo release mater~al has a 
30 resistivity of approximately 1014 to 1015 ahm~cm. 
31 ln order to mount ~lanket 100 on drum 102, mounting 
32 1egs 110 are inserted into a plure11ty of mounting h9les 130 
33 formed in drum 102, preferably without removing the mylar 
34 sheet ~ram the adhesive layer (tha ~ack of the blanket). As 
35 can be eeen moat clearly in Figs. 3A, 3B ana 4D, mounting 
36 legs 110 each have a tip portion 132 and a back portion 134. 
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l Tips 132 are inserted into s1ots formed in the far sidewalls 
2 of mounting bolas 130 and the hack portion 134 rests againat 
3 the opposite sidewall ot the hole. ln th£s way the end of 
4 the blanket is accurately positioned. The edge of the mylar 
5 sheet closest to the legs is removed and the remainaer of 
6 the mylar sheet ~• progressive1y removed wh~le making sure 
7 that the successive portions of the blanke~ which are thus 
8 attached to the drum by the adhesive lie f1at against the 
9 drum. 

10 Fig. 5 shows an alternative. prefe~red embodiment of 

ll the invant~on in which somewhat different shaped holes 130' 
12 are used. In this am~od~ment the back portion 134 rests 

13 against a protrusion 150 formed on one side of the hole 
14 while a surface 1e4 o! leg 110 rests agains~ the bottom 156 
15 of a protrusion ~armed on the other side of the hole. 
16 While the preferred electrical connection ~etween the 
17 conductive layer and the mounting bar is preferably achieved 
18 by remov£ng (or not fO:l:'ming) the layers which.overlay an end 
19 portion of the conduot1ve layer and piercing the ove~ly1ng 
20 iayers, for example, ~Y crimping endfor piercing ~he 
21 mounting bar, for example, at points marked 160 in Fig. 4g. 
22 crimpin~ aan aiso be used to hold the blanket ~n the 
2~ mounting .bar. 
24 tlhil• the adhaa1ve layer preferably covers the baok of 
25 the blanket, alternatively the adhesive layer may cover only 
2e5 a portion ot the back 8\lClh as the edge f artheat away :trozn 
27 the bracket (the trailing edge of the blanket)J or may, fa~ 

28 some embod~ments of the inve~tion and under certain 
29 circumstancea, be omitte~. 
30 It should be understood that the inventien is net 
31 limited to the apecif ic type of image forming system o~ 
32 transfe~ eyatam uaed. ~he invention is alao useful in 
33 systems, such as those using ether types of inte~~ad1ate 
34 transfer member• euch as be1t or continuous coated drwft type 
35 transfer members and also fer imaging systems which uae 
36 direct transfer of the image (for example from an imaging 
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l surface) to th• final substrate and which include a tuaer 
2 for fusing tha image to the substrate. Such systems are ve:ry 
3 well known in 'he art. 
4 Th• specific deta~ls given above for the image forming 
5 system are inaludea a• part of a best mode of car~ying out 

· 6 the invention. However, many aspects of the invention a~e 
7 appl1cable to a wide range of srstems as known in the a~t 
8 for electrophotographic print£ng and copying. 
9 lt wi11 be appreciated by peraons skilled in ~he art· 

10 that the present invention ~s net limite~ by the descr1ption 
11 and example provided hereinabove. Rath.er, the scope of this 
12 invention is defined only ~Y the claims which follow: 
13 
14 

15 

16 
17 
18 
19 
20 

21 
22 
23 

24 

25 
26 

27 
28 
29 
30 

31 
32 
33 
34 
35 
35 
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1 CLAIMS 
2 l. An tmage f0%'ming method comprisinga 
3 providing an image on a substrate, the image comprising 
4 toner particles including a polymer material, an additional 
5 material which is scl1d at room temperature end carrier 
6 J.J.;u:ldJ 

7 fusLn; the image tc the substrate by heating the .:Lmage 
8 to a fusing temperature at which the toner particles scften 
9 to a first viscosity, 

10 wherein the additional materia1 has a second viscosity 
ll at the fusing temperat~re which is at least ten times lower 
i2 than the first viscosity. 
18 
14 z. A method according to claim 1 wherein the toner 
15 pa~ticlas are sclvated by· the carri~r liquid at the fusing 
16 temperature whereby their v~sccsity is reduced to the i1rst 
17 ~iscosity. 
lB 
19 s. A method according tc claim 1 or cla~m 2 whe:ein the 
20 addit1onal material is solvetad J:)y the carrier liquJ.d at the 
21 fustng temperature whereby ~ts viscosity ~s reduoed to the 

22 second viscosity. 
23 
24 4. A method according to any of the preceding claims and 
25 including coaling the image after fusing. 
26 
27 5. A method according to claim 4 wherein, during fus~ng or 
28 subsequent cooling, at 1aaat a portion o~ the additicna1 
29 material migrates to the surface of the image away from the 
SO substrate. 
31 
32 6, A method according to claim 5 wherein, during cooling. 
33 at least a portion of the add~tional material forma a 
34 separate phase from the toner material at said aurlace. 
35 
36 ?. A metho4 according to any of claims 3-6 wherein, after 

: 1:1111111111111 11111 1111111 1111 
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l~TH\S SHEEt HAS BEEN 
REPLACED 

l cooling# the eddi tionaJ. material forms an ab·rasion resistant 
2 1ayer covering the toner material. 
3 
4 &. A method according to any of the preceding claims 

5 wherein the first viscosity is at least two orders of 

· 6 magnitude greater than the second viscosity. 
7 
8 9. A method according to any of the preceding. c1aims 

9 wherein the first viscosity is at least three oraers o~ 
10 magnitude greater than the second viscosity. 
11 

12 10. A method acoording to any of ~ha p~eceding claima 
13 wherein ~be addLt~onal ~ater~al comprises a polyethylene. 

14 
15.11. A method acoording ~o any of the preceding claims 

16 whe~ein the add~tional ma~erial comprises a polyethylene 
17 wax. 
18 
19 12·. A method according to any of claims 1-9 where:Ln the 

20 additional material comprises a hmncpolymer. 
21 
22 13. A method according to any.of cla1ms 1•9 wbere~n the 
23 additional material comprises a lcw molecule~ weight 
24 ionomer. 
25 
26 14, A method according to any o~ claims 10-12 wherein the 
27 ad~it1cnal meter:Lal f~rther comprLees zinc stearate. 
28 
29 15. A aethad according to any of the preceding claims 
30 wherein the additiona1 material is comprised in the toner 

31 particlea. 
32 
SS 16. A method acoord~ng to any of the preceding c1aims 

34 wherein the additional mater~al is in e finely divided form 
35 and ta diaperaed in the ~arrier liquid separate from the 
36 toner pBrt1cles. 

11111111111111 11111 1111111 IHI: 
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1 
2 17. A method according to any of the preceding cla~ma 
3 wherein tbe polymer material comprises an ethylene 
4 terpolymer. 
s 
6 18. A method according to any of the preceding claims 
7 wherein the polymer material comprises an ionaner. 
8 
9 19. A method accora~ng to an~ cf the preceding claims 

10 where:Ln the polymer material comprises an ethylene 
11 copolymer. 
12 
13 20. A metbod according to any af the preceding claims 
14 wherein the additional Jlater:tal is at least partially 
15 ~ncompatible with the taner partioles. 
16 
17 21. A 1.iqu:ld t·oner adapted £or fusing at a fus:l.ng 
18 temperature comprising: 

19 
20 

toner particles comprieing a polymer mater~al which 
has a fi%a~ viscosity at ~he fusing temperature: 

21 an adcJ:ltional material which is sc11d at room 
22 temperature and baa a aecond viacoaity at the fuaing 
23 temperatu:oeJ and 
24 carrier liquid, 
25 the first viscosity being et least ten times the seocnd 
26 viscosity. 
27 
28 22. A liquid toner according ~o claim 21 wherein the 
29 polymer material ie aolvated ~Y the aarr~er 1iqu~d at the 
30 fusing temperature whereby its viscosity is reduced ~o the 
31 ~irat viscoai~y. 
32 
33 23. A liquid tone~ acoording to claim 21 or cla~m 22 
34 wherein the additional materiel is sclvated by the car~ier 

3~ liquid ot the fuain; temperature whereby its viscosity ia 
35 :.:-educed to the aecond. vi•cosity. 

Hllllll l\ll\\ 111\l lllll \HIU, 
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1 

THIS SHEET HAS BEEN 
REPLACED 

2 24. A liqui4 toner according to any o~ claims 21-23 wherein 
3 the f i~st viscoa1ty is at least two orders cf magnitude 
4 greater than the second viscosity. 
5 

· 6 25. A l~qu1~ toner according to claim 24 wherein-the first 
7 viscosity is et least th;'ee orders of magnitude g:eater than 
8 the aeccnd viaooa1ty. 
9 

10 26. A liquid tcner according to any cf cl~ms 21-23 wherein 
11 the additional matar1a1 comprises a polyethy1ene. 
12 
13 27. 
14 the 

15 

A liquid toner accord~ng to a~ of claims 21-23 wherein 
additional material comprises a polyethylene wax. 

16 28. A l~quid toner according to any of claims 21·23 wherein 
17 the additional material ccmprises- a homopolysner. 
18 
19 z;. A liquid tone: according to any of cla~ms 21-23 wherein 
20 the addLtional ma~erial comprises a low molecular weight 
21 ionomer. 
22 
23 30. A J.:Lquid toner according to any o:f cl.aims 26-28 wherein 
24 the additional material fu~ther comprises zina atearate. 
25 
26 31. A liquid toner according to any of claims 21~so wherein 
27 the additional material is comprised ~n the toner part£cles. 
28 

29 32. A 11quid toner according tc any of cla~ms 21-31 wherei.n 
SO the ad4~tional mater:La1 ~s in a f1nely div~ded form and is 
31 dispersed in the carziier l:Lquic! separa't:e £ro11 the toner 
32 S1articles. 
SS 

.: 

34 33. A liquid toner according to any of cla.ims 21-32 wherein 
3~ the polyme% ~ater1al comprises an ethylene terpolymer. 
36 

111111111111111111111111111111: 
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1 34. A liqu~d tOner according to any of claims 21-33 wheres.n 
2 the polymer matar~al. comprise• an ~onomers. 
3 
4 3!5. A lj,quj.d toner according to any of ola.:l.lls 21-34 wherein 
~ the polymer material comprises an ethylene copolymer. 
6 
7 30. A method according to any of claims 21-35 wherein the 
a a4d1tional mater~al is at least partially incompatible with 
9 the toner particles. 

10 
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