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20 In order to perform its tasks, the ITM is generally required to meet a number of physical
requirements. These include release requirements of the surface of the ITM (hereinafter the
"release surface" or "release layer") for release of the image from the intermediate transfer
member to the final substrate (or to a second ITM). Suitable release layers are described in the
above referenced references and generally include a silicone layer of specified construction.

25 However, one of the major limitations of such release layers is a gradual loss of release
properties which results in incomplete transfer of the image to the final substrate. Such
incomplete transfer, in addition to causing a reduction in quality of the image, also requires that
the ITM be cleaned after each second transfer cycle, a process that greatly complicates the
system. Furthermore, such continuous cleaning further reduces the life of the transfer surface.

30 Representative intermediate transfer members are described in the above referenced
patents and applications and in US Patents 5,754,931; 5,592,269 and 5,745,829 and published
applications WO 97/07433; WO 98/55901 and WO 00/31593, the disclosures of all of which

are incorporated herein by reference.
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20 SUMMARY OF THE INVENTION
An aspect of some embodiments of the present invention relates to the addition of a
release life enhancer additive comprising a silicone copolymer soluble in the carrier liquid or a
silicone fluid to the carrier liquid. In exemplary embodiments of the invention, the additives are
silicone based compounds having non-polar functional groups. In general, the release life
25  enhancer additives are soluble in or miscible with the carrier liquid. The release life enhancer
additives are designated as such, not because they are necessarily present in a high percentage,
but because they are believed to have a major effect of increasing blanket life.
A first exemplary release life enhancer additive is a silicone fluid, namely
polydimethylsiloxane fluid (DOW CORNING or ABCR GmbH) having a viscosity at
30  approximately 250C of between about 5,000 to 2,500,000 (or higher, if available) centistokes
and a molecular weight of between about 50,000 and 500,000 (or higher, if available). Most
preferably, the viscosity is above 250,000 centistokes. In general, higher values of viscosity
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20 A fourth exemplary material is Alkyl-modified non-reactive silicone fluid. This
material is produced by Shin-Etsu and marketed as KF-412. This material has a molecular
weight of 10,000 and 20,000 and a viscosity of 500 centistokes. Possibly, lower molecular
weight materials can be used. The alkyl modification reduces foaming, but other non-reactive
silicone fluids can be used.

25 All of these materials are believed to operate in a similar way. Namely they are
substantially non-volatile (at the temperature of the intermediate transfer blanket) and they
have an affinity for the silicone release coating of the intermediate transfer member. In use they
are believed to have a high viscosity, which aids in their stability on the blanket. Without
limiting the scope of the invention by any theory of operation, these materials are believed to

30 form a thin protective layer on the blanket that protects the blanket's release properties.

In some embodiments of the invention, especially when an oil is used as the additive
(for example, polydimethylsiloxane fluid, as described above) an additional defoaming additive

may be added to reduce foaming caused by the oil. An exemplary material is a gel (soluble
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a silicone gum;

a silicone surfactant; and

a non-reactive silicone fluid.

In an embodiment of the invention, the silicone additive comprises a liquid silicone

20  material having a viscosity of at least 5,000 centistokes, alternatively at least 10,000, 50,000,
100,000, 350,000, 500,000, 1,000,000, 2,000,000, alternatively about 2,500,000 centistokes.

Optionally, the liquid silicone material has an average molecular weight of about
50,000 or more, alternatively, 130,000 or more, alternatively, about 200,000 or more,
alternatively, more than about 400,000.

25 In an embodiment of the invention, the liquid silicone material is a silicone oil, for
example a siloxane oil. In an embodiment of the invention, the liquid silicone material
comprises a polydimethyl siloxane chain. In an embodiment of the invention, the material is
trimethysiloxy terminated Polydimethylisiloxane. Optionally, the silicone based additive is
present in a ratio of between 0.001% and 0.1% by weight of additive to carrier liquid,

30  alternatively, the ratio is 0.002% to 0.05% or 0.005% to 0.01%.

In an embodiment of the invention, the silicone additive comprises a silicone gum.

Optionally, the silicone gum comprises a polydimethyl siloxane chain. Optionally, the silicone
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20  hydrocarbon has an evaporation rate of less than 10% of the first hydrocarbon. Optionally, the
second liquid hydrocarbon is present in a ratio of 2% or less than the first hydrocarbon, or in a

ratio of between 0.2% and 1%.
There is further provided a printing method in which a toner image is produced on a
first surface and transferred to a final substrate via an intermediate transfer member having a
25 silicone release layer, the method characterized by the toner being a toner according to the
invention. Optionally, the release life enhancer additive coats the release layer during said
printing method with a release protecting layer, that remains on the release layer after the

image is transferred therefrom.
There is further povided, in accordance with an embodiment of the invention, a printing
30  method in which a toner image is produced on a first surface and transferred to a final substrate
via an intermediate transfer member having a silicone release layer, the method characterized
by the toner having a non-volatile containing a release life enhancer additive that remains on

and coats the intermediate transfer layer after the image is transferred therefrom.
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Optionally, the liquid silicone material has an average molecular weight of about
50,000 or more, alternatively, 130,000 or more, alternatively, about 200,000 or more,
alternatively, more than about 400,000.

In an embodiment of the invention, the liquid silicone material is a silicone oil, for

20 example a siloxane oil. In an embodiment of the invention, the liquid silicone material
comprises a polydimethyl siloxane chain. In an embodiment of the invention, the material is
trimethysiloxy terminated Polydimethylisiloxane. Optionally, the silicone based additive is
present in a ratio of between 0.001% and 0.1% by weight of additive to carrier liquid,
alternatively, the ratio is 0.002% to 0.05% or 0.005% to 0.01%.

25 In an embodiment of the invention, the silicone additive comprises a silicone gum.
Optionally, the silicone gum comprises a polydimethyl siloxane chain. Optionally, the silicone
gum comprises polydimethyldiphenylmethylvinylsilioxane gum. Optionally, the additive is
present in the carrier liquid in a ratio of between 0.001% and 0.1% by weight.

In an embodiment of the invention, the additive comprises a silicone surfactant.

30  Optionally, the surfactant is a surfactant of the pendant type. Optionally, the surfactant is a
silicone copolymer with propylene oxide functional groups. Optionally, the additive is present
in a concentration of 0.01 to 2% by weight to weight of hydrocarbon liquid.
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DESCRIPTION OF EXEMPLARY EMBODIMENTS
In exemplary embodiments of the invention a toner is produced by the following
method:
25 1) A release life enhancer additive component is mixed with a liquid carrier.
2) An optional defoaming additive is added to the mixture produced in 1, depending on
the choice of first additive.
3) An optional low-volatility carrier-liquid component is added and the result is diluted
to a desired concentration by addition of the major carrier-liquid component. However, it has
30 been found that release life enhancer additive precipitation may be caused at high
concentrations. This potential problem is generally avoided when the alternative production

technique described below is used.



10 Optionally, the defoam ng agent conprises D nethicone/Vinyl D nethicone
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polydimethylsiloxane fluid (DOW CORNING or ABCR GmbH) having a room temperature
(about 25 degrees Celsius) viscosity of between about 5,000 to 2,500,000 (or higher, if
available) centistokes and a molecular weight of between about 50,000 and 500,000 (or higher,
if available). Most preferably, the viscosity is above 250,000 centistokes. In general, higher

20  values of viscosity and molecular weight are preferred.

An exemplary material is trimethysiloxy terminated Polydimethylisiloxane, ABCR
catalog number DMS-T63. This material has a molecular weight of 400,000-500,000 (about
450,000) and a viscosity of 2,500,000 centistokes. This material is added to Isopar-L (Exxon)
an isopparaffinic hydrocarbon fraction, the major carrier liquid component in the toner example

25  given below. The proportion of additive to Isopar-L is preferably between 2-15% by weight.
These proportions are chosen for convenience of arriving at the desired proportions of additive
in the liquid toner. In general the (non-volatile) proportion of additive to carrier liquid in the
liquid toner ranges from between 0.001% to 0.1% by weight. These small proportions of
additive (0.002-0.05% are exemplary value for this additive) are believed to be surprisingly

30 effective due to the formation of a surface protective layer of protective silicone material non-
polar functional groups, which prevent deterioration of the release properties of the toner from
the ITM. It is noted that this is only a theory of operation and its exposition is not meant to

limit the scope of the invention. Larger or smaller proportions in this first admixture may be
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20  and has a molecular weight of 13000. This material is added to the carrier liquid in much the

same way as with the trimethysiloxy terminated Polydimethylisiloxane, except that, generally,

no heating is used. The final concentration of this material in the carrier liquid of the liquid

toner is between 0.01%-2%, by weight to carrier liquid. This material is added to the carrier

liquid in much the same way as with the trimethysiloxy terminated Polydimethylisiloxane.

25  Other pendant type polymer surfactants are also useful. While other surfactant types can be
used, pendent types do not cause substantial foaming.

A fourth exemplary material is Alkyl-modified non-reactive silicone fluid. This
material is produced by Shin-Etsu and marketed as KF-412. This material has a molecular
weight of 10,000 and 20,000 and a viscosity of 500 centistokes. This material is added to the

30 carrier liquid in much the same way as with the trimethysiloxy terminated
Polydimethylisiloxane. The final concentration of this material in the carrier liquid of the liquid

toner is between 0.01%-2%, by weight to carrier liquid.
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of this ampdieracal capolynhe tyaAlliedr Sighajlimdtho0 grams ofyLiptddart 06 (madeid @nlyysiside
0. 012%) 20t/8rpg "é’?'b? r}{toztzl(l)em aarnrdi leiirOOI glrgx%ls Cci)f Isgopar-L (Exxon) an isopparaffinic hydrocarbon
fraction in a Ross double planetary mixer, preheated by a heating bath, set to 1500C. The
ingredients are mixed for about 1.5 hours at speed control setting 3. The speed is increased to a
speed setting of 6 for 30 minutes, the heating is stopped and the mixer is cooled with a fan
while mixing is continued. The result is a pasty material.
25 836.30 grams of the pasty material are loaded into a 1S attritor (Union Process) with
3/16" chrome steel grinding media, together with 67.07 grams of Helliogen Blue pigment 7080
(BASF), 7.45 grams of Helliogen Green pigment (BASF), 4.14 grams of aluminum stearate
(Riedel de Haen) and 1384.07 grams of Isopar L. The material is ground at 40°C for 20 hours.
The result is discharged from the attritor and mixed with an amount of Isopar L to form a
30  working dispersion. The toner is charged utilizing a charge director, preferably a charge
director described in US patent 5,346,796 (the disclosure of which is incorporated by
reference), and containing 30 parts by weight lecithin, 30 parts by weight Basic Barium

Petronate (BBP) and 6 parts by weight isopropylamine dodecylbenzesulfonate (ICI G3300B) as

10
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pre 2(e) ably a Ig egergglary embodiments of the invention, the non-volatile material in the foaming

agent to the weight of carrier liquid is present in a percentage of between 0.0002 and 0.1%.
Optionally, the range is between 0.001 and 0.1%. It has however, been found that, very small
amounts of defoaming agent, for example between 0.0002 and 0.0015% are present. In a
particular embodiment, 0.00051% was found to be sufficient.

25 It is noted that for the other release life enhancer additives, the defoaming agent is not
required. However, the mixture of carrier liquids, as described above may still be used,
although different percentages may be suitable for different amounts and types of release life
enhancer additive.

The result is a cyan toner having a relatively high pigment concentration.

30 A second exemplary toner, can be prepared by loading 960 grams of Nucrel 699 resin
(an ethylene methacrylic acid copolymer by Dupont), 240 grams of AC5120 resin (an ethylene
acrylic acid copolymer by Allied Signal) 1800 grams of Isopar-L (Exxon) in a Ross double
planetary mixer, preheated by a heating bath, set to 150°C. The ingredients are mixed for about
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then to lthheunsi foflowed dyccontivuaieguadingigt 43eder k9. thouts. §éﬂpaweetlte18ydls<zhatg¢é
toner tq reach.d red concentration var addi ti.ves

b bodi TS D2t Bie St avan g of koPaLt R Forfief wiorEs ek G RbALY
presgnt Jop BliREITRNIGREE iPhRSbyREiNzAg0P khaidd @retlorpyreferabliyt a rchbrige difectdne
oil tothe carrier liquid. For all Intents and purposes, in the context of

liquid td@mbeé rin rih¢ bover tederendedi S mateny 513461708 ang eentaiping 3oparts by, Yaight

or 1 nt+ndeiiih 09 SR, Shieh OEBR AL LE AL by cighy ORI Slntider 1Y el

pressur glireédt,idRalvey in Isbgar-IpRradded agm arﬁo@ebﬂ\aﬁm 80-@0mgofisdlid® ﬂ:%heldha@e
particul ar enbodi ment_ t he percent age is 0.007% It is noted that these
anmount s darleewémrr%ﬁewt%lﬁmq id s~espeC| ally considering that the operation of

thi g additive ! LeledR€ )i ifd ey 8 nd 0 aocg)tl% aﬁeme'&fmgw%m'admveataﬁ WSscrib@d mive @an

chenical . n exerrp ary enb ments of e invention e non-vol atl |
mat er i a|addd§t1 tohthisf méxmuregn aagemdunt sufflenivel plovidefaddiives davihg guirdparsopigese nt
in a percent aqe of .between 0.0002 and 0.1% Optionally, the range is-
bet ween 000N BHRAYIIMET | ¢ has however, been found that, very small

amounts of defRapiyfds §9§aﬂ1ttonér9fav§1§aamaﬁv@8h?l thgQQ;%h%ﬂ tor@sOhlF¥h apRd

present. In a particular enpodi ment % was found to be sufficient.
25 It i sprmtlng.chtrfmherfoolors remitablb @igmantearsadded & plabeint the pigients gien abpee.

ggf g@;ﬂc&%ﬁgg]egm& no e?w redgglel—(%\,g%%ﬁlzer L a«adrg_xt ure of carrier |iquids,

In an embodlment of the invention, a liquid toner containing the above-described
additives is used in place of toner without the additives. A latent image is formed on an
imaging surface, either by discharge of a photoreceptor, providing a permanent electrostatic
master or by any other means known in the art. This image is developed by a liquid toner
25  according to the invention to form a developed image. The image is transferred to an
intermediate transfer member, as known in the art, and from the intermediate transfer member

to a final substrate, using methods known in the art.
In an embodiment of the invention, a carrier liquid for replenishment of the toner
dispersion is also provided. As is known in the art, the toner particles and carrier liquid are
30 removed from the toner dispersion at different rates. In a preferred embodiment of the
invention, a determination is made of the amount of each additive associated with the toner
particles and also the amount associated with the carrier liquid. This association is defined as

the percentage that is removed from the toner dispersion with the particles and with the liquid.
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al t hough different percentages may be suitable for different anounts and
types of release |ife enhancer additive. The result is a cyan toner having
a rel ati vwbyslobgh4 pi gnent concentration. 30 A second exenpCanyoymwse , can
be prepared by | oading 960 granms of Nucrel 699 resin (an ethylene

met hacrylic acid copol yner : ont)., 240..qr of, AC5120 resj n.

et hyl ené('hemﬁséhaﬁged%wgcfé”gﬁeo@q%l I"lﬁegbcﬁ’th%nqglbf HeBAIog PR f glg a%ig%lp‘)’gsr'- L

( Exxon) TH}s 8n Beseraldfiell 6F thhRIMSscAR M1 8 WRA theﬂfaﬂﬁ@d{%ﬁﬁ Il%)ﬂleﬁish@'aﬂ"h@ gmbaittof set
to 150C. The ingredients are m xed for about 11 03/.009064

PCT/ | Lo24di6Bespresait i tonsr eencepfeasel wilh depend enetheiampust offliguid g éae ¢ancentiteased

mcer | CRemh PR nE ps Aveachi i ks RAE BEDS S R02B0 T, AP

m xer i MXing s co nued:

pasty nwireyHid is icbiported baiehcd. Pesifilat Yystni Gfay e Wed fdratbedining additiveS
attritor (Union Process) with 5 3/16" chronme steel grinding_ nedja, .
t oget herofithe pressntBvgntions sl 1apge dompdditiygsgivetic cader ligwddgeplenisher is

grans of [ ' 5ﬁﬁ,§ ) t IR Bnd of
st ear at eb eF%elel ggﬁgkeogﬁggn eplg%?e ‘%’5 grg%eg@d?%ggggﬁﬁeﬁﬁggumt e!rirl]ggl ins °
ground ahe bfigeS sithoabb thighet .valubouray, bef piesentachdbry sae circumstanpes. nGenegalt the5C
for 10.5 hours. The.result is djscharged gromthe attrjtor and m xed with

an ampurfPEnirpleiabPutiBe s ASANGBIRTTIRESHP iheraness sy ABRNF: 10 2% sol i ds.
The foner is IﬁQﬁ"éﬂlggdi‘d’ie'nhgiztgg%v@nt%‘rﬁ'i&%ﬂl‘eﬁi@ﬁéﬂfquidoﬂﬁ‘cf Eritkthya ehkfSdiBRtor

director described int ove referenced US patent 5,346, 796 and
cont ai niaadepibpdiit §SHP8ALISGht | ecithin, 30 parts by wei ght BBP and 15

parts by wei ght G330Q.as a.stabilizer. The charge. directqgr, dissolved in

P opar 1 s JBdedTbRdEns A6 T T RBspiea LR by MU e Hesphiril Aty

di rect ory, RAEvE tRARburlt @R EneP R 4 her reSerfoir Bledif Falls He®ove BbrAO pRsctadtlicl Tugerand
the optional other additives, as described above, is added to this m xture

in an armouerntreief(faner particleowph oarigeliguidi andsemersdditives, avithropigh corpsnigatinapf

above in th Lquid.tgner, The result d o t I Mal Y
hi ghl5volpta§5:iesi tlsa%(ilq%fit e (B CQRCENTRION; %fﬁ8%%£€§%%sr A ﬁ%&yﬁgg‘egﬁeﬁ%% G s,
sui t abl eepivasad preaétemadeedveln pl ace of the pignents given above. 20 For
bl ack toner an additional 2.5 ng/gmof stabilizer is added. |n an

enbodi nent  ofBlanist failuenisitypically qauses by enmelrthees fulira meghamens Jogee e ddesshed
?gd} E)Ir \r/rgo rigﬁeagers]ggpahﬂity lo?ctﬁe %Ilic%%‘%leﬂetlg%ﬁ e?gh,eifagq.bﬁde\ﬁga“\tionpblj addifibe itﬂﬁge
silicone release layer is used. A second is gloss memory (regional gloss in an image depends on
20 whether the region was image or background in a previous print) and a third is paper jamming
caused by stickiness of the release layer. Applicants have found that there is an increase of
blanket life of 50% when a toner with the first release life enhancer additive and, the second
additive and the third additive are used, in the proportions described above as compared to a
toner with none of the additives. Use of only the third additive, as known in the prior art, is
25  Dbelieved to increase blanket life by only about 20%.
The present invention has been described using non-limiting detailed descriptions of
exemplary embodiments thereof that are provided by way of example and that are not intended
to limit the scope of the invention. Variations of embodiments of the invention, including
combinations of features from the various embodiments, use of other toner materials etc., will
30  occur to persons of the art. The scope of the invention is thus limited only by the scope of the

claims. The terms "comprise," "include,” "have" or their conjugates, in the claims, mean

"including but not necessarily limited to".
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i mgi ng surface, either by discharge of a photoreceptor, providing a
permmanent el ectrostatic mnaster or by any other nmeans known in the art.

Thi s i magwoios/oamé£l oped by a liquid toner 25 accordi ng toPCHALI2ZN0E6R | on t O
forma devel oped image. The image is transferred to an internediate
transfer menber, as known in the artCL?QQggron1the intermedi ate transfer
menber to a final substrate, using nethods known in the art. In an

enbodi ment of the invention, a carrier liquid for replenishnment of the
toner dispersion_is also provided. As is known in the art, the toner
particl ds and Bgid teaer py QUeTCoRENtratr Oy WsiNg from t he toner di spersion at
different ra LY i Lon, a

determ nati ofg)?%ﬁgedrtrég(fgn%{ éésgﬁoaﬁ%g% eaé%%g%%%iﬁﬁg stt’)ci ated with the
tones parti aloasieatiquidlcomprismganount associ ated with the carrier |iquid.
Thi s associ ati on i%,de ined as the percentage that is renoved fromthe
toner di spersion RldHGINEIRIRNE| es and with the liquid. 12 WO 03/ 009064
PCT/1L02/ 00568 Thg S?%E@B%eggaaiﬁ%;%aenoved with the liquid are believed to
be the major part of the additives. Thus, in general, nost of the additive
wi || be wi thatchergedirester, | i qui d repl eni sher. The anmount of additives
present in toner .cqoqncentrate . will depend gn the anmpunt qf.liquid i.n the
concentrate. VK] @&S@iﬁ%“a P‘?‘HW\V/‘? WY SER A GES illseéﬁli%flcefrﬁagﬁlivg %ﬁ%sﬁﬂgrro Qw
taught iglodgTohsi9Bth 99, the disclosure 5 of which is incorporated by
reference. A simlar systemmay be used for determ ning additives of the
present i nventliquid silitnme matereal havige aviscositydiftaf leass 5,000 qeatigtakes; er | qui d

repl eni sher is...between about 80% of the | ower end of the range for each
additive to §685Pnfﬁ%nhigher end of the range, although higher val ues may
be present undgicos®smfatangungt ances. Cenerally the concentration is about
the sanme as the percentages of the ranges given above. 10 In an enbodi nent
of the inventaif@ﬁ:feQ%eF’élﬁPwlﬁlﬁer liquid al so contains a charge director
as scribed in US 4,980, 259. In an enbodi rent of the invention,
repl’énisher liquid is added to the toner in a printer whenever the anount
of toner.in & tomeeaccoeiirg votlaint Hewlkdreinfthe bifictred aldithenenprisset ligalduslicobener
concentrate (toner particles with carrier liquid, and sone additives, with
a hi gh d%%"éq('hhﬁ‘élf‘g8HlSGPS“I'SOfﬁég@?tg’@CCPQS@EFded when the concentration of
toner particles in the toner in the reservoir falls bel ow sone

predeterm ned |l evel. Blanket failure is typically caused by one of three

f ai | ur e 3mechanionesaccdidagrtoatama Whasin thé visedsagm seatdegstbd,00@ gentitokée si | i cone

rel ez%se | ayer, e.g., if a condensation or additive type
4, A toner according to claim 3 wherein the viscosity is at least 50,000 centistokes.
5. A toner according to claim 4 wherein the viscosity is at least 100,000 centistokes.
25 6. A toner according to claim 5 wherein the viscosity is at least 350,000 centistokes.
7. A toner according to claim 6 wherein the viscosity is at least 500,000 centistokes.
8. A toner according to claim 7 wherein the viscosity is at least 1,000,000 centistokes.
30
9. A toner according to claim 8 wherein the viscosity is at least 2,000,000 centistokes.

10. A toner according to claim 9 wherein the viscosity is about 2,500,00 centistokes.
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silicone release layer is used. A second is gloss nenory (regional gloss in
an i mage depends on 20 whet her the region was image or background in a
previ ous woimyoand a third is paper jamm ng caused by sticahiox®sesof t he
rel ease layer. Applicants have found that there is an increase of bl anket
life of 50% when a toner with the first release |life enhancer additive and,
the second additive and the third additive are used, in the proportions
descri bad. abey enas aciiag &sl ahp of cldimser10whbrenotte fuid sdicadel intateres hablaa of
only the third additive, as known in the prior art, is 25 believed to

i ncr easéV?JP&erﬂ@@FC‘I‘lﬁlf\é‘elﬁbt HrabgutaibRi0 ¥ @8eThe present invention has been
descri bed using non-limting detail ed descriptions of exenplary

enbodi ments thereof that are provided by way of exanple and that are not

i nt ended2. t 0 A tamet atdoedisg dpanyfof tchedms hvEhwiherein tter liqtid srigooé n@ttriadihagans of
the invention, %ncludLnB fﬁgﬁg)iaations of features fromthe various

enbodi m@KErase melscylpr weighto 00 QEMNal's etc., will 30 occur to persons of
the art. The scope of the invention is thus limted only by the scope of
the clainms. The terns "conprise,” "include," "have" or their conjugates,
in the dBai m# tamemaccotding ltadiny@f lslaimp &t 1 habersimihel Yquid silicede muterial hayyan

03/ 009064 PCT/ 1102/ 0056 Al 1 I-Wi~d toner or toner concentrate
conpr i Siaﬁgggepqla{?gﬁ@%\geltggﬁ%f%%rg:}igsa[nca}bgﬁi #QQO%UIQ anount of 0.5%to 20% by
weight; 5 a carrier liquid conprising: a liquid hydrocarbon; a silicone
based additive;, and a charge director, wherein the silicone additive
conpri sd4. a Aelangsaccording énplaite & oraelaim ilQ avherin dbe Hawh siligone material Jigs an
consi st ia()?ragetmé‘lelc{'ﬂ%gi ﬁ{ éfinq&@qhmb%m Ao dpving a viscosity of at |east
5,000 céntietORESH HEN 7' done gunt a sificone surfactant; and a
non-reactive silicone fluid. 15 2. A toner according to claim1l wherein

the silicone additive conprises a |liquid silicone . . . .
15 toner according to any of claims 1-14 wherein the liquid silicone material is a

15  silicone oil.
16. A toner according to claim 15 wherein the silicone oil is a siloxane oil.

17. A toner according to any of claims 1-16 wherein the liquid silicone material comprises

20  apolydimethyl siloxane chain.

18. A toner according to claim 17 wherein the material is trimethysiloxy terminated

Polydimethylisiloxane.

25 19. A toner according to any of claims 1-18 wherein the silicone based additive is present

in a ratio of between 0.001% and 0.1% by weight of additive to carrier liquid.
20. A toner according to claim 19 wherein the ratio is 0.002% to 0.05%.
30 21. A toner according to claim 20 wherein the ratio is 0.005% to 0.01%.

22. A toner according to claim 1 wherein the silicone additive comprises a silicone gum.
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material having a viscosity of at |east 5,000 centistokes. 3. A toner
according to claim2 wherein the viscosity is at |east 10,000 centi stokes.
20 4. A twopas/oewmedbrding to claim3 wherein the viscosity ipsTaLodmasst 50, 000
centistokes. 5. A toner according to claim4 wherein the viscosity is at

I t 10Q, 000 [ : : - j j it h
Vi scosi 071 s oSSk HER, 5ot 22 wh SRR mBSARL Bnt Soffpidl« pBEEN 12
wher ei n silbeaneichgiasity is at | east 500,000 centistokes. 8. A toner

according to claim7 wherein the viscosity is at |east 1,000, 000
centistokes. 30 9. A toner according to claim8 wherein the viscosity is

at | easty42, 000,600 &%deiéés%ec?aim é@-qr’%lﬁﬁ’ﬂ‘%@ AHERIA IR shiRofié ?‘um LoMPRKI N
the viscosity is about 2,500,00 centistokes. 14 WD 03/00906

PCT/ 5L020bax66thgdiphanylorethyldoylsiligkang gum.any of cl ai ns 2-10 wherein the
liquid silicone material has an average nol ecul ar wei ght of about 50, 000
or nore. 5 12. A toner according to any of clains 5-10 wherein the liquid

si i conesmat & keHer Bordifg tANEf d08aitR| BC2Y Vheioh] MRtadaftivd 3P pRAsht O tHEaerierl 3.
A toner according to any of clainms 6-10 wherein the liquid silicone

mat er i alliguigsinagrratiqoEhedgeempPealand Olés Briwveight.nor e t han about 200, 000. 10
14. A toner according to claim9 or claim1l0 wherein the liquid silicone
mat erial has an average nol ecul ar wei ght of nore than about 400,000. 15. A
tonen aeor diNgoid @aRyrdig ¢d aldm 1- WAerohekai silichiee hiditivel ednlpreena ek al
is a 15 silicone oil. 16. A toner according to claim15 wherein the

si | i consudpgtants 3 si| oxane oil. 17. A toner accordi ng to any of clains 1-16
wherein the liquid silicone material conprises 20 a polydi nethyl siloxane
chain. 18. A toner according to claim217 wherein the material is

tri met hy29i | oxy taner adcontigito cRomy2b wisdrbiyilthssurfaxanels aAbrfa@antAftlengndac cypedi Ng
to any of clains 1-18 wherein the silicone based additive is present in a
rati o of between 0.001% and 0. 1% by wei ght of additive to carrier |iquid.

15 28. A toner according to claim 26 or claim 27, wherein the surfactant is a silicone

copolymer with propylene oxide functional groups.

29. A toner according to any of claims 26-28 wherein the additive is present in a
concentration of 0.01 to 2% by weight to weight of hydrocarbon liquid.
20

30. A toner according to claim 1 wherein the additive comprises a non-reactive silicone

fluid.

31. A toner according to claim 30 wherein the additive is a alkyl modified non-reactive

25  silicone fluid

32. A toner according to any claim 30-31 wherein the non-reactive fluid has a molecular

weight of between 10,000 and 20,000.

30 33. A toner according to any of claims 30-32, wherein the silicone fluid has a viscosity of

about 500 centistokes.
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20. A toner according to claim19 wherein the ratio is 0.002%to 0.05% 30
21. A toner according to claim?20 wherein the ratio is 0.005%to 0.01% 22.
A toner awomB@isgdto claim 1l wherein the silicone additiveCrangyioses a
silicone gum 15 WD 03/009064 PCT/1L02/ 00568 23. A toner according to

claim 22 wherejn the si.licone fofo] rses a.pal ydi I e chai n.
20 At fter ACiEBPLIRGERE B AP Br B3t s Rl presph ARG R
coNnpr i S@gtwezn PY1YSatEEIRYS HvBiRaN caRidaYigiidny| si | i oxane gum 25. A toner
according to any of clalnms 22-24 wherein the additive is present in the

carrier liquidin aratio of between 0.001 %and 0.1 %by weight. 10 26. A

toner aggordi,ng 10 i [ - S BARY-N IS& t.
Si 11 cond> surt SapEasEoRR o gy BEBlebriceBingielduip B ALl O REARR oBen
surfgctant is a surfactant of the pendant type. 15 28. A toner according

to claim?26 or claim27, wherein_the surfac t 1s a silicone, .copol.

with préfyl edetQner aecordingtp sham é,éa&ﬁg@nﬁﬁaggﬁlaw&ag&emm%“% g tggor'f

cl ai ms bo FhdntGoll L th ReRan 66t Fath REpeRt tPihel to
2% by méiéﬁ?/rgsﬁﬁ%gﬂ{Qgﬁﬂﬁg%é%kgﬁﬁgﬁgP?%ﬁﬁd?bgﬁﬁ%o. A Toner acg%rding to
cl ai m 1 cadrier Higuidt he addi tive conprises a non-reactive silicone fluid. 31

A toner according to claim30 wherein the additive is a alkyl nodified
non-reactive 25 silicone fluid 32. A toner according to any claim 30-31

whergi n shhe NORsHepacddrdifig fté Yiatn MBSodc1aR 86 WiRkein &I @¢tbarfiingbgeneimpribe®@0
and 20, 000. 30 33. A toner according to any of clains 30-32, wherein the

siliconegekluid has a viscosity of about 500 centistokes. 16 WD 03/ 009064
PCT/1L02/ 00568 34. A toner according to any of clains 30-32 wherein the
additive is present in aratio of between 0.01% and 2% by weight to

carrier 3Ri quigioner according to claim 37 wherein the gel is a finely ground gel.

15 39. A toner according to any of claims 35-38 wherein the defoaming agent comprises

Dimethicone/Vinyl Dimethicone Crosspolymer with Cyclopentasilicone.

40. A toner according to any of the preceding claims wherein the liquid hydrocarbon
comprises a major part of a first liquid hydrocarbon and a minor part of a second hydrocarbon,
20 where the second hydrocarbon has an evaporation rate of less than 10% of the first

hydrocarbon.

41. A toner according to claim 40 wherein the second liquid hydrocarbon is present in a
ratio of 2% or less than the first hydrocarbon.

25
42. A toner according to claim 41 wherein the second hydrocarbon is present in a ratio of

between 0.2% and 1%.
43. A printing method in which a toner image is produced on a first surface and transferred

30 to a final substrate via an intermediate transfer member having a silicone release layer, the

method characterized by the toner being a toner according to any of the preceding claims.
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35. A toner according to any of the preceding clainms and also including a
defoam ng agent. 5 36. A toner according to claim35 wherein the defoam ng
agent is woasemosdn a ratio of 0.0002% 0. 002% by wei ght @CTrnne/osésati |l e
solids in the defoam ng agent with respect to the carrier liquid. 10 37. A
t oner aggording . | ai,m 3 .cl ai j 0AaH o
conpr i sd & Agrniughieinettat B il 40RhAeh iR O Bl dditve,
finely goswit gRhse 1hPerIrind shidrpeintiag antisidngitli @ release piotedtimigitayedSthAGemansei n
t he def oam ng agent conprises Dinethicone/Vinyl D nethicone Crosspol yner
wi th Cyendhrereleass layergiier theamage isdrasfeged hetrlingt o any of the preceding
clains wherein the |iquid hydrocarbon conprises a major part of a first

| i qui d hydrocarbon and a m nor part of a second hydrocarbon, 20 where the
second Hgdr oaptimtingrasthad irewajshraabnarnmagt i prbdiced sntatfast sbffcoind transferredt
hydr ocar bon 1. Atoner according to ¢laim40 wherein.the second |liqyid
hydr e atbanina Sypaisia a1 ARG s rmba IR gt THGRe layer, the
hydrocanhgihg éRurdtteriRd BN REGORAINY aldn AT ‘J:@)n%ﬁlgge'ar}eteﬁﬁ ARCE&MAncer
hydrocarbon is present I'n a ratio of between 0.2% and 1% 43. A printing
met hod iaddiitve ¢at ecniaineon amhgeaty the pntedusiate transferf layertaficn tedoege rotransferred
transfer}rled 30 to a final substrate via an internedi ate transfer menber
havi ng &"<f¥9one rel ease |ayer, the method characterized by the toner
being a toner according to any of the preceding clains. 17 WO 03/ 009064
PCT/1L02/ 00568 44. A printing nmethod according to claim43 wherein the

rel ease 46i f e Aephiningemethgdiac¢ardingdoany of plaime Hgéé evhezgia theialgase liaenhancer

7ol oase WATLP Py haRif b ARG AR Yok Brd BB inolalt.

met hod in which a toner image is produced on a first surface and
transferred to a final substrate via an internediate transfer menber
havi ng 47si | iAcenmapqsitioapf anatiey epmprNRS a ttHSPichar act eri zed by the toner

o ns on add R bR 0 e transter | ayor after the |mge |
transferred asilicone additive,
wherein the silicone additive comprises a release life enhancer additive chosen from the
group consisting of:
a liquid silicone material having a viscosity of at least 5,000 centistokes;
20 a silicone gum;

a silicone surfactant; and

a non-reactive silicone fluid.

48. A composition of matter according to claim 47, wherein the silicone additive
25  comprises:

a liquid silicone material having a viscosity of at least 5,000 centistokes.

49. A composition of matter according to claim 48 wherein the viscosity is at least 10,000
centistokes.

30
50. A composition of matter according to claim 49 wherein the viscosity is at least 50,000

centistokes.

18



therefrom 10 46. A printing nmethod according to any of clains 43-45
wherein the release |ife enhancer additive is substantially non-volatile
at tenperwpDuwsesdoencount ered during the printing process. PET/ILER/@®S68pOSI tion
of matter conprising a mxture of: 15 a liquid hydrocarbon; and a silicone
additive, wherein the sidico Ltive,. j I N er
2ddi 1 va choderppsf MaRDeiht lo e ST ISR, Be ol o liuco0R00
havi ng @emissskesi ty of at |east 5,000 centistokes; 20 a silicone gum a
silicone surfactant; and a non-reactive silicone fluid. 48. A conposition
of matter according to claim47, wherein the silicone additive 25
conprises: a A Lauld:sili 1 V1 E I f - 000
centi st ofes. /BN R A e e o B e & R % he
Vi scesi tyntistokas. | east 10, 000 centistokes. 30 50. A conposition of matter
according to claim49 wherein the viscosity is at |east 50,000
centistokes. 18 WD 03/009064 PCT/1L02/ 00568 51. A conposition of matter
accordi Bg 10 ACbsHhpBsnbnUTehficP alddfdiMy RFQSIT ¥2 Whein hea%dcodiflis @PRast 500,000
centistokes. 52. A conposition of nmatter according to clai'm51 wherein the
vi scosi tcyntistokss. | east 350, 000 5 centistokes. 53. A conposition of matter
according to claimb52 wherein the viscosity is at |east 500, 000
centistokes. 10 54. A conposition of matter according to claim53 wherein

the 19i s6asi t W icBmpbsiti6@ Y mattd08cBRing e tolHin0K® Swherein the viscosity is at least
1,000,000 centistokes.

55. A composition of matter according to claim 54 wherein the viscosity is at least
2,000,000 centistokes.

15
56. A composition of matter according to claim 53 wherein the \;iscosity is about 2,500,00

centistokes.

57. A composition of matter according to any of claims 48-56 wherein the liquid silicone

20  material has an average molecular weight of about 50,000 or more.

58. A composition of matter according to any of claims 52-56 wherein the liquid silicone

material has an average molecular weight of 130,000 or more.

25 59. A composition of matter according to any of claims 52-56 wherein the liquid silicone

material has an average molecular weight of more than about 200,000.

60. A composition of matter according to claim 55 or claim 56 wherein the liquid silicone
material has an average molecular weight of more than about 400,000.

30
61. A composition of matter according to any of claims 48-50 wherein the liquid silicone

material is a silicone oil.
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55. A conposition of matter according to claim54 wherein the viscosity is
at least 2,000,000 centistokes. 15 56. A conposition of matter according
to clai meB mieesed n the viscosity is about 2,500,00 centPSTAkes05@7. A
conposition of matter according to any of clains 48-56 wherein the |iquid
silicon 20 yjaterial h verage .ecill i P t & ¥els
rore. 582 A conpoetthon tap i AL RS Phedlf MEh I SBHERICT, |
the liquid silicone naterial has an average nol ecul ar wei ght of 130,000 or
nore. 25 59. A conposition of matter according to any of clains 52-56

wher ei n 8Bhe 1A gemposition efomatteraceending toray of ¢laips A8 whereithe diayis YHeonss
nore th : Wtion of matter according to claimb55
or clai %@%%%%é@éﬁ%&%&%h{(ﬁ%ﬁﬁhﬁi és?l?) I codr?tgln' mat eri al has an average nol ecul ar
wei gt of nore than about 400,000. 30 61. A conposition of matter according
to any of clainms 48-50 erein the liquid silJicone materi.al. is a. si.licone
oi |. 19 %0 03) 6Y9PRAICTY MEHY) AELE ! .Claé\mcéry@gﬁem i o ierials &?ms@zﬂloa‘iyng
to cl ai RAk.RMEPELBintdaRIRI1bisene oil is a siloxane oil. 63. A conposition
of matter accor d‘?kg telg?yany of clainms 48-61 wherein the liquid silicone
material conprises a polydinethyl siloxane chain. 5 64. A conposition of

matter cording to.claim63 wherein the rial s trimethysilox

t er ni na%gd i) §%Wﬁ%st‘tﬁ%ﬂ ?g]inlag?{a%&’f%g& to gy d%iaé?’tqi“gh&owﬁﬂﬁlnt §'¥ sifiee 8%{8 Pﬁ?& to
any @f GUaitive i¢Brldnt\ReS Ritid dthbetieéd 0Q0EYDAREO 1% By JetdiHti ofeaddftivier t9S&itieri N a
rati o of between 0.001% and 0. 1% by wei ght of additive to carrier |iquid.
66. A cdigpikition of matter according to claim65 wherein the ratio is
0.002%to 0.05% 15 67. A conposition of matter according to claim66
wherein the ratio is 0.005%to 0.01% 68. A conposition of matter

accor di g, t 0 LtahpaskondTensicn aéddedifg to daines hatércinvie enioris 0903% ta 005%.cone
gum

15 67. A composition of matter according to claim 66 wherein the ratio is 0.005% to 0.01%.

68. A composition of matter according to claim 48 wherein the silicone additive comprises

a silicone gum.

20 69. A composition of matter according to claim 68 wherein the silicone gum comprises a

polydimethyl siloxane chain.

70. A composition of matter according to claim 68 or claim 69 wherein the silicone gum
comprises polydimethyldiphenylmethylvinylsilioxane gum.

25
71. A composition of matter according to any of claims 68-70 wherein the additive is

present in the carrier liquid in a ratio of between 0.001% and 0.1% by weight.

72. A composition of matter according to claim 48 wherein the additive comprises a

30  silicone surfactant.

73. A composition of matter according to claim 72 wherein the surfactant is a surfactant of

the pendant type.
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20 69. A conposition of matter according to claim68 wherein the silicone
gum conprises a polydinethyl siloxane chain. 70. A conposition of matter
accor di ngwoosobassmn 68 or claim69 wherein the silicone guPCTADIPEESES

pol ydi net hyl di phenyl net hyl vi nyl silioxane gum 25 71. A conposition of

matter according to any of clains 68-70 wherein the additive is present in
the carrier liquid in a ratio of between 0.001 %and 0.1 % by weight. 72. A

conmposi t74on ok corbdsitiondiBLEkr Agcdraing lta chim & 2vdr eladinr7 3, hhetudh thel suefactantisiases
a 30 silicone surfactant. 73. A conposition of matter according to claim
72 wher @ilisonsgopolimerayithpropyleae xide &Jél@ﬁ?ﬂa §f0UPt-he pendant type. 20 WO

03/ 009064 PCT/1L02/ 00568 74. A conposition of matter according to claim 72
or claim73, wherein the surfactant is a silicone copolyner with propyl ene
oxi dg f umct i @bm@bsitips of Imatfer abcardimgotsi 4riyoof okimut7/26H whewindihegaddativenis of
clainms 72-74 wherein the a ive is resent centration of 0.01 to
206 by WAIERAL NG CRBSHHALIH Oﬂ%f Beapbynveighi e &’elg%o&&'dg %g‘%%ﬂf% of matter
according to any of claims 72-75 wherein the additive conprises a
non-reactive silicone fluid. 10 77. A conposition of matter according to

cl ai m 7@6wherfeicontpositianldift matteri sccardingtb anydof ickadms N7y evhsréinethsi adddbige
fluid 78. A cos\rgrtl)m tion maéher according to any of clains 72-77 wherein

of
the non-SPBRESESANonEagve;sicRaefllid ) acyl ar wei ght of bet ween 10, 000 and

20, 0@0. 79. A conposition of matter according to any of clains 72-78,
wherein the silicone fluid has a viscosity of about 500 centistokes.

80. A cdifposiA conpesdtionefimaticeecardingdo elginang vdreran theradditivers a herl glodi ifﬁe
additive is pres rati o of between 0.01% and 2% by weight to
carri er 1o°et .Veéﬁl.cm)f@%lﬁposi tion of matter according to any of clains
48-80 and al so including a defoam ng agent. 25

78. A composition of matter according to any of claims 72-77 wherein the non-reactive

15  fluid has a molecular weight of between 10,000 and 20,000.

79. A composition of matter according to any of claims 72-78, wherein the silicone fluid

has a viscosity of about 500 centistokes.

20 80. A composition of matter according to any of claims 72-79 wherein the additive is

present in a ratio of between 0.01% and 2%, by weight to carrier liquid.

81. A composition of matter according to any of claims 48-80 and also including a
defoaming agent.

25
82. A composition of matter according to claim 81 wherein the defoaming agent is present
in a ratio of 0.0002%-0.002% by weight of non-volatile solids in the defoaming agent with

respect to the carrier liquid.

30 83. A composition of matter according to claim 81 or claim 82 wherein the defoaming

agent comprises a gel.

84. A composition of matter according to claim 83 wherein the gel is a finely ground gel.
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82. A conposition of matter according to claim81 wherein the defoam ng
agent is present in a ratio of 0.0002% 0.002% by wei ght of non-volatile
sol i ds i nwbls/dmboam ng agent with respect to the carri erdrime/ase30 83. A
conposition of matter according to claim81 or claim82 wherein the

def oam ng agent conprises a gel. 84. A conposition of matter according to
claim83 wherein the gel is a finely ground gel. 21 WO 03/009064

PCT/ | LO25005@8csiposhichWTResict hewdrdihg foednyef chine 8ligdgvlicveianle ddfoarhiagnger@1- 84
wherein the defoam ng agent _conprises D net hi cane/ Vi nyl Dipethicone

Cr osspologerisasiRimetlyeqnsHeny bRimsthigene Crosspolymer Wi o¥slepestasHconat t er
according to any of clains 48-85 wherein the liquid hydrocarbon conprises
a major part of a first liquid hydrocarbon and a m nor part of a second
hydr ecagbon, Avverpotitien seft anmtiehadcardiagbtan ahpsofaclagusptf-83 i wirereiat theoliqludss
than 10% of the first hydrocarbop. .10 87. A conposition of matter

accor di ﬁgg@earbplapwe%swwhp%ep 3 Bpsb Hguid fq&r%%ara&éérfsw PR °§Fé§°é)ﬁfi in
a ratl Ohgarog%‘b&'i, Wk thdgdohd Bydrobabord Hal A€ 87 PR atiof Fate/d IR 1090 Cfhe
matter according to claim386 \MYIEI‘EI n the second hydrocarbon is present in
a rati o fiodt hgdtonebon.0. 2% and 1% 15 89. A nmethod of replenishing toner in a
| iquid toner printing machine, conprising: determning a volune of |iquid
toner in a reservoir; and adding a conposition of nmatter according to any
of ghai By, 47 AB&rhsositin b Mikied ab@8ing to CREA®ESVNGeihahd bofl@lighidi Hydtdcarboaf

vol unme. 22
is present in a ratio of 2% or less than the first hydrocarbon.

88. A composition of matter according to claim 86 wherein the second hydrocarbon is
present in a ratio of between 0.2% and 1%.
15
89. A method of replenishing toner in a liquid toner printing machine, comprising:
determining a volume of liquid toner in a reservoir; and
adding a composition of matter according to any of claims 47-88 to the liquid toner,

responsive to the determination of volume.
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