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FI ELD OF THE I-NVENTI ON The present invention relates to pol ymer
bl ends whi ch are wuseful in liquid toner conpositions for 1 magi ng
procésses. - BACKGROUND OF THE | NVENTI ON ~ Liquid toner

conposi tigns used in imaging proces guzﬂgggﬁﬁﬁ y conprise pignmented
polynerlcq'artlcles a carrier §B£ ge director. Certain

i magi ng préocesses use
3 The present invention relates to polymer blends which
are useful in 1liquid toner compositions for imaging
processes. .

generally comprise pigmented polymeric particles; a carrier

liquid and charge director. Certain imaging processes use
10 intermediate transfer hembers which receive an image from
11 the photoconductor and transfer it to the final substrate,
12 e.g. paper. When an intermediate transfer member (ITM) is
13 used, the 1liquid toners should meet the following three
14 criteria, namely, they should transfer well from the
15 photoconductor to the ITH; they should transfer well from
16 the ITM to the final substrate; and they must fuse well to
17 the final substrate so that the image is abrasion
18 resistant. _
19 ‘The transfer steps are preferably effected at as low a
20 temperature as possible, because low temperature operations
21 prolong the life of the ITM and the photoconductor. The
22 liquid toners presently used in the art frequently contain
23 Elvax(R) II polymers or surlyn (R) polymers. wWhile the
24 Elvax II polymers generally transfer and fix well, some of
25 them are too soft in the presence of carrier liquid to
26 resist squashing during transfer to and from the
27 intermediate transfer member. Those which do transféer and
28 fix well require intermediate transfer member temperatures
29 which marginally effect the operation of the photoreceptor
30 and reduce the life of the intermediate transfer member.
31 In general Surlyn polyﬁers wet paper substrates poorly
32 and require very high temperatures for fixing on paper.
33 These materials are, however, very hard and thereforé are
34 very abrasion resistant when they are fixed to paper at
35 high temperatures. '
36 SUMMARY OF THE INVENTION
37 In a 1liguid toner imaging system utilizing a
38 photoreceptor and an intermediate transfer member (ITM),

4
5
6
7 Liquid toner compositions used in imaging processes
8
S

REPLACED &% IZ‘.Z 3 SG

V1 Description :paged .. .. to paged . & .
This Sheet Has Been Replaced Claim(s)  :paged ..B... to paged "l’

“IIII lIII" ”II III V] Drawing(s) : paged Y to paged ..

Abstract pab(.,d ........ to pdc'r‘d e T

DATE OF RECEIPT




i.nt er TP 82A782hinsfer nenbers which receive an image from PCT/L1L92/00049

phot oconductor and transfer it to the final substrate, e.g. paper. When
an internedi ate transfer nmenber (ITM is used, the liquid toners should
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image transfers completely (i.e. not splitting between the
IT™ and the substrate). Thus a semi-logarithmic cooling
curve of viscosity vs. temperature should show a transition
between a lower slope (slowly varying) portion for
temperatures above the knee and a high slope portion for
temperatures below the knee. The term "break-point" is used
herein 1in the specification and claims to describe this
transition. This knee should occur at or near the optimal
viscosity range at as low a temperature as possible and
should be as sharp as possible.

Moreover, the transferred image, while  still
containing a high percentage of carrier 1liquid, should
preferably be hard, in order that an additional
fusing/fixing step in which solvent is evaporated, may be
avoided. - -

The known Elvax 1II (Dupont) polymers which are useful
as toner materials for example Elvax II 5650T and 5950,
when in a 40% NVS (noh-volatile solids content) mixture
with 1Isopar L carrier liquid have a knee at approximately
the correct viscosity at a temperature of about 60°C. Other
Elvax II materials have a lower break-point temperatures
but their viscosity is low and they are more prone to
squash than the preferred Elvax II materials.

Surlyn polymers (Dupont) (which are "ionomers" derived
from ethylene/methacrylic acid copolymers), when used in
liquid toners, confer excellent abrasion resistance on the
image, but transfer poorly to paper and require very high
ITM temperature to effect fixing to substrates.

- It is an object of one aspect of the present invention
to provide polymer blends which have broadly a similar
range of viscosity as the Elvax II 5650T and 5950 resins,

-
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[e5|sﬂ”°§565§ﬂ?ng during transfer to and from the I nternedi ate

transfer nmenber. Those which do transfer and fix well require
intermedi ate transfer nmenber tenperatures whi ch margi nal |y effect t he
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transfer ora U yn po yne aper substrates
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SUMMARY OF T&@‘ﬁ%’fé&"} d“”ﬁ’ﬁ eqt qmg;t%[ Eork e'ﬁ‘?‘e?d\ tg sy ARRRAT
utilizing$ dxromitdte rdasexiptian vmidmtf@rhmsat e transfer menber (ITM,
6 The present invention accordingly provides in one
7 aspect, a polymer blend of at least two distinct polymer
8 components, the blend being characterized by the fact that
9 in a 40% non-volatile mixture with a hydrocarbon 1liquid
10 toner carrier, on a semi-logarithmic viscosity vs.
11 temperature cooling curve, it has a break-point in the
12 viscosity vs. temperature curve at a temperature below
13 about 65°C and viscosity between about 3 x 10° and 5 x 10°
14 centipoise.

15 Preferably at least one of the polymer components does
16 not have a break.point in the preferred range.
17 In a preferred embodiment of the invention, one of the

18 polymers is an ionomer derived from ethylene/methacrylic
19 acid copolymer. One of the preferred polymers is a
20 terpolymer preferably an acid modified ethylene vinyl
21 acetate terpolymers. In a preferred embodiment of the
22 invention each of the components are present'in the range
23 of between 25% and 75%.

24 In another aspect, the invention provides a liquid'
25 toner for use 1in imaging processes which comprises
26 pigmented polymer particles, at least one charge director
27 and a hydrocarbon liquid toner carrier, wherein the polymer
28 comprised in the particles is a blend of at 1least two
29 distinct polymer components, the blend being characterized
30 by the facts recited in the preceding paragraphs.

31 The invention further provides, in an electrostatic:
32 imaging process utilizing a liquid toner which includes
33 pigmented polymer particles, at least one charge director
34 and a hydrocarbon liguid toner carrier, the improvement
35 which comprises using as the polymer comprised in the
36 particles is a blend of at least two distinct polymer
37 components, the blend being characterized by the facts
38 recited in the preceding paragraphs.
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. 2- t (OPIIR23 mage (which contains a substantial anount ol?cglyrl‘rglzéur“ o
I|qU|d) at the start or transfer fromthe ITMto a final substrate, e.g.
paper , shoul d have a relatively |low viscosity (optlnally about 5 x 10[err]
to 5 X 10[err] cen oi ses).such that rt*f1ows into and wets the yet
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senl-logarlthm I'i'ng curve of VI SCOSI
tran5|t|on4 least one charge director and a hydrocarbon 1liguid toner

carrier, and in which an image formed on the surface of a
photoconductor is develobed by the toner, the image is
transferred from the surface to an intermediate transfer
member and from the intermediate transfer member to a
substrate, the improvement which comprises using as the
10 polymer comprised in the particles is a blend of at 1least
11 two distinct polymer components, the blend |Dbeing
12 characterized by the facts recited in the preceding'
13 paragraphs.
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betmeeﬁ")ggnygﬁ%r slope (slowy varying) portion for tenperatures

above the knee and a high slope portion for tenperatures bel ow the knee.

The term'"break-point" is used herein in the specification and clains to
descfibe this transition. This knee shdhrd occur _at or near the optinm
viscosity Yange at as | oRELEERESCRL] s OF, JHE DRAWINGS shoul d be as
sharp as pa@ssible. mg Nbrstwe thet hibclxIﬂgalaﬁxerTel’seﬁbf Blvage Il \golymers
still cont n| r of carrier liquid, should preferably be
hard, in aj q:g&’ ﬁ?tg ¥ E%r&’%%dltlonal fusing/fixing step in which
solvent is 4evapor atFeW my shows, dihgeooling trviesons Bleads | qfpuyfirlyn
pol yners why C*’QO’E@ aﬂﬂsﬁl'ﬂl}axa%zéd)% yuEHL el 8f Wse&Ws%p@xV@@ Il 5650T

and 5950, when a 40% NVS (non-vol at,il e solids c%rl %s) r’rthturelvmth
| sopar L c&rier I i cflﬁ d FafRoys FOoLiRG GuTYEeScOf of Sur

7 9020 and Elvax 4355 polymers at 40% NVS in Isopar L; .

8 Fig. 4 shows the cooling curves of blends of Surlyn
9 1601 and Elvax 4355 polymers at 40% NVS in Isopar L;

10 Fig. 5 shows the cooling curves of blends of Surlyn
11 1601 and Elvax 4260 polymers at 40% NVS in Isopar L; and

12 Fig. 6 illustrates an electrostatic imaging apparatus

13 and process in which a ligquid toner which includes the
14 polymer blend of the present invention may be employed.

15 DETAILED DESCRIPTION OF THE INVENTION
16 It has surprisingly been found in accordance with a

17 preferred embodiment of the present invention, that blends
18 of some Surlyn polymers with some Elvax (Dupont)
19 terpolymers, in certain proportions, possess the
. 20 viscosity/temperature characteristics of the invention,
21 which have been recited in the above summary (the
22 "criteria"). - In particular instances, it has been found
23 that 1liquid toners containing pigmented polymer particles
24 wherein the polymer is constituted by such blends, may be
25 used in electrostatic imaging processes at either
26 comparable operating temperatures to those which are
27 utilized in the case of pigmented Elvax II  polymer

28 particles, or even at advantagecusly lower temperature
29 ranges.

30 Fig. 1 shows (cooling) curves of viscosity vs.
31 tenmperature for various Elvax II resins in a 40% NVS (non-
32 volatile solids) mixture with Isopar L (EXXON), an
33 isopparaffinic hydrocarbon fraction, which is often used as
. . 34 a carrier liquid in liquid developers. It is estimated that

35 40% NVS is the approximate proportion in a 1liquid toner
36 1image when the image is transferred to paper.

37 As seen in Fig. 1 Elvax II 5650T and Elvax II 5950
38 resins have breakpoints within the desired range, where the
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the corrWe92/1T3sity at a tenperature of about 60[err]C. O RET/NLY2/R0049
materi al s have a | ower break-point tenperatures but their viscosity is | ow
and t hey ‘are nore prone to squash than the preferred Elvax Il nmaterials.

" " rived from
chny! b i e B Rt 4% R 5 o ¥ scomity
excel | ent al® asison betoresmIcex am taimal mu§ge~?eritlilpolt1)r(sialsip?g.1§0%|er£§ 0 bR@AR -
i an Lﬁﬁéﬁtﬁ%’?%e' T8 Bty Yaletsalay | Savnn heed pROTEGEE e
bl ends whi clf hBAEIHIARKRSEY tanan mmcg-opthes’c@&w a8 wesifisysachl as
5650T and 5%50 EIA&NSII 5610 and Elvax II 5720 have viscosities which are
6 too low and in general are not preferred as toner particle
7 resins for liquid toners.
8 In practice the image cools by about 10°=-15°C as it
9 comes in contact with a final substrate and the image does
10 not split on transfer from an intermediate transfer member
11 to the final substrate if it cools to a temperature above
12 the break point.
13 Fig. 2 shows (cooling) curves of viscosity - vs.
14 temperature for various Surlyn 9020/Elvax 4260 blends. The
15 Surlyns are ionomers derived from ethylene/metacrylic acid
16 copolymers and the Elvaxs (as opposed to the Elvax IIs) are
17 acid modified ethylene vinyl acetate terpolymers. Both are
18 manufactured by Dupont corporation.
19 As seen in Fig. 2 both the pure Surlyn %020 and the
20 pure Elvax 4260 'do not meet the required optimum conditions
21 of break point temperature and viscosity. While Elvax 4260
22 does have a break-point at about 42°C, the viscosity at
23 this point is very low. Surlyn $020 does not have a break-
24 point in the proper range and has a very high viscosity in
25 the desired temperature range. Neither of these resins has
26 been found to be a suitable polymer for 1low temperature
27 operation in an intermediate transfer imaging system.
28 Blends containing between 50* and 80% Surlyn 9020 do
29 meet the criteria and are believed to be suitable for use
30 in intermediate transfer liquid toner systenms.
31 Fig. 3 shows (cooling) curves of viscosity vs.
32 temperature for various Surlyn 9020/Elvax 4355 blends. As
33 seen in Fig. 3 both the pure Elvax 4355 does not meet the
34 required optimum conditions of break point temperature and
35 viscosity. While Elvax 4260 does have a break-point at
36 about 35°C, the viscosity at this point is too 1low. This
37 resin has not been found to be suitable resin low
38 temperature operation in an intermediate transfer imaging
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-3- buM@941782% break point or turning point at a |ower tHpENLIE{20049
wher eby i magi ng processes, particularly those enploying an | TM can be
conducted at relatively |ow tenperatures. Qher objects of the invention
will® appear fromthe description which7fell ows. The present invention
accordi ngl ¢ psystéms in one aspect, a polyner blend of at |east two

dlStlnCE pal ymer CS&BBHQ“ESntB@ﬁlﬁbeﬁﬂ%be??ﬂ Sﬁér86%eéhi@ﬂnb§ohbedﬁaﬁbethat
'n a 40%ngn- ngatgégtgkégure gnare be¥1égggrto be gable for wuse in
intermediate <transfer 1liquid toner systems. The blend
containing 66% Surlyn 9020 marginally meets the criteria
and may also be suitable. )

Fig. 4 shows (cooling) curves of viscosity wvs.
temperature for various Surlyn 1601/Elvax 4355 blends. As
seen in Fig. 4 the pure Surlyn 1601 does not meet the
10 required optimum conditions of break point temperature and.
11 viscosity. Surlyn 1601 does not have a break-point in the
12 proper range and has a very high viscosity in the desired
13 temperature range. This resin has not been found to be
14 suitable as a base for toner partiéles used for low
15 temperature operation in an intermediate transfer imaging
16 systemn.

17 Blends containing between 25% and 75% Surlyn 1601 do
18 meet the criteria.and are believed to be suitable for use

19 in intermediate transfer liquid toner systems. The 80%

20 Surlyn blend marginally meets the criteria.

O 0~ 0w

21 . Fig. 5 shows (cooling) curves of viscosity vs.
22 temperature for various Surlyn 1601/Elvax 4260 blends.
23 ~ Blends containing between 25% and 80% Surlyn 1601 do

24 appear to meet the criteria and are believed to be suitable
25 for use in intermediate transfer liquid toner systems.

26 While Figs. 2-5 do show a certain amount of
27 unpredictability regarding the suitability of a particular
28 blend even when the suitability of other blend of the same
29 materials is known. Notwithstanding this unpredictability,
30 the skilled person can of course readily determine the
31 viscosity/temperature relationships for any particular
32 polymer blend in order to know whether these are such that
33 the blend in gquestion falls within the scope of the
34 invention. .

35 It will further be appreciated that persons skilled in
36 the art may readily determine the optimal temperatures at
37 which the polymer blends of the invention, which in 1liquid
38 toners will of course be in an admixture with liquid toner
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toner WA92/37823 on a sem-logarithmic viscosity vs. tEETENLIZ00049
cooling curve, it has a break-point in the viscosity vs. tenperature curve
at a tenperature bel ow about 65[err]C and viscosity between about 3 Xx
10[err] and 5 x 10[err] centi poi se. - 8Pceferably at |east one of the

pol yner codpofexrdedoesPigmentvand shangepdinecter mayrke ditdlizadgefor
In a prefeare@leebedg&anaco&maagn ng@fpbsas.one of the polynmers is an

preferred ol ymer Srapsd ' §3Rery PRRRY=iF P8R CLPS HiPdC PYSATEPRG EPRGRene
vi nyl acet 4t e ineogpoyates. thea pnvésntive epbbninaentbbendsne i necassanidych
of the conMBOneRhtaiht oRhaRER! chE‘r&EE ii‘gﬂ?dg géﬁ f)? 3?%&@&75 /'I‘ypzcall n
anot her aspect, the invéntion provid use
i magi ng pﬁoc@gses SRehch se&yﬁppges whzch are mentloned here for
7 1illustrative purposes only, are insulating, nonpolar
8 1liquids, preferably having a resistivity in excess of about
9 10° ohm-cm and a dielectric constant below about 3.0.
10 These solvents are generally hydrocarbons, preferably
11 aliphatic and more preferably isomerized aliphatic
12 hydrocarbons, as, for exampie, those marketed by Exxon
13 Corporation under such trade marks as Isopar-G, Isopar-H,
14 1Isopar-L and Isopar-M, which meet the preferred resistivity
15 and dielectric regquirements. Alternatively, other 1liquids
16 having the preferred resistivity and dielectric
17 requirements, e.g. light mineral oils, such as those
18 manufactured by the Humble 0il and Refining Company  under
19 the trade marks Marcol 52 and Marcol 62, may be used. A
20 further suitable solvent is marketed as "Peneteck"
21 (Penreéo, Butler, Pa.) described by the manufacturers as a
22 technical white mineral oil, of flash point 129°cC,
23 viscosity 38742 (SUS at 100°F) and 3.4/4.7 (CST at 40°C)
24 when Tmeasured according to ASTM D 445, 'specific
25 gravity .808/.818 at 60°F and API 41.5/43.6, measured
26 according to ASTM D 1298.
27 Blends of 75% Surlyn and 25% Elvax terpolymer were
28 made up into 1liquid toners and used in a 1ligquid <toner
29 imaging system incorporating an intermediate transfer
30 member. Using these toners, a good transfer to the
31 intermediate transfer member was obtained, as well as a
32 good transfer from the latter to both XEROX paper and
33 printers stock at optimal intermediate transfer member
34 temperatures between 45°C and 70°C, depending on the blend,
35 with optimal temperatures for the Surlyn 9020 based toners
36 having an optimum intermediate transfer temperature of
37 between 45° and 50°C and the Surlyn 1601 based materials
38 having an optimal intermediate transfer member temperature
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pi gmenMQ9M§3Rr particles, at |east one charge director RET/ANIA2M99r bon
liquid toner carrier, wherein the polymer conprised in the particles is
a blend of at least two distinct polymer conponents, the blend being

characterized by the facts recited in~the precedi ng paragraphs. The
i nvention ¥ur®her®PprolPtes, i arfi@¥RiR i themginrEdr Hass $REF| zing a

liquid torer mméd%ﬂmnﬁm@ﬁqp%\éﬂ&jod@rﬁiﬁiﬁ,wa?étd;}l@@&in@dleby
o0 ord “h RSBk WG IR U Ao LML el ying
particles 4s %F%Pendngt i3 bebisvedo hiwaver: thatmsingnpethex s, polymer
bl end bei ng OhpéRds Sri€Rth the ddbbe GFlthd vt idh WL P&l dharder
paragraphss images to be cbtained, thuéiavoiding the necessity for the
7 additional fusing/fixing step.
8 The specific preferred toners which are disclosed
9 herein are preferably produced as follows. 1000 grams of
10 polymer material in the required proportions and 1000 grams
11 of 1Isopar-L are mixed at low speed in a Jjacketed double
12 planetary mixer connected to an oil heating unit set at
13 170°C for one hour. 2000 grams of Isopar L, preheated to
14 =110°C is added to the mix and the whole is mixed for a
15 further hour at'hiqh speed. The material is allowed to cool
16 in the mixer until it reaches =70°C at which time it is
17 discharged from the mixer into aluminum pans. The material
18 is cooled to room temperature and is shredded and passed
19 through a meat grinder to produce a coarsely ground
.20 material. Approximately 1050 grams of the coarsely ground
21 material, 66 grams of Mogul-L carbon black (Cabot) and 1200
22 grams of Isopar L are charged into a S1 attritor (Union
23 Process) and milled by 3/16" carbon steel balls for 10
24 hours with water cooling (=20°C). The resultant toner
25 particles have a median (by weight) diameter of about 2 um.
26 The resultant material is diluted to a non-volatile solids
27 content of 1.5%, using Isopar L. Charge directors as known
28 in the art are added to charge the toner particles.
29 Preferably, the charge directors described in commonly
30 assigned U.S. patent application 7/354,121, filed May 22,
31 1989, or U.S. patent appiication 7/533,765,'fi1ed on June
32 6, 1990, the disclosures of which are incorporated herein
33 by reference, may be used.
34 Reference will now be made to Fig. 5 which illustrates
35 imaging apparatus, in which the electrostatic imaging
36 process of the invention employing the liquid toners of the
37 invention (including the inventive polymer blends), may be
38 carried out. The operation of this apparatus is described
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-4- WOR/828s  yet further provided by the presen?a4%wa,

in an electrostatic inaging process ut|I|Z|ng a liquid toner which

Lngludes ‘pi gnent ed pol ymer particles, 10Ieast one charge director and a
; s

ydrocarbon llqyl%ﬂéng%ntext of liquid developer systems with negatively

2 charged particles and positively charged photoreceptors,
3 but the invention may also be applied to other combinations
4 of toner charge and photoreceptor charge.
5 The apparatus of Fig. 5 comprises a drum 10 arranged
6 for rotation about axle in the direction indicated by arrow
7 14. Drum 10 is formed with a cylindrical photoreceptor
8 surface 16, preferably selenium based or organic
9 photoconductors. When the apparatus is activated, drum 10
10 begins to rotate and a charger 18 is operative to generally
11 uniformly charge surface 16 with a positive charge,
12 +typically of the order of 1000 volts. Continued rotation
13 of drum 10 brings charged surface 16 into image receiving
14 relationship with 1light source 19, for example a laser
15 scanner, which projects a desired image onto charged
16 surface 16, thereby selectively discharging this surface
17 and producing a latent image thereon. Typically, the
18 discharged areas of surface 16 have a voltage of 100-200
19 volts.
20 Continued rotation of drum 10 brings charged surface
21 16 bearing the electrostatic latent image into operative
22 association with developer unit 22, operative to apply a
23 1liquid develdper (toner) to develop the latent image. For
24 multicolor systems, unit 22 may comprise, for example, a
25 plurality of developers, one for each color, which are
26 selectively engaged with the photoreceptor surface, as
27 described e.g. in U.S. Patent No. 4,690,539, or a single
28 development station where the liquid toner is changed
29 between colors, or any other suitable development system.
30 Developer unit 22 includes apparatus (not shown) for
31 dispensing carrier 1liquid, toner particles and charge
32 director, each of which may be stored in separate dispenser
33 cans or reservoirs. :
34 Following application of toner thereto, surface 16
35 passes a typically positively charged rotating roller 26,
36 preferably rotating in the direction indicated by arrow 28;
37 roller 26 functions as a metering roller which reduces the
38 thickness of liquid on surface 16. Typically, the spatial
—’~¢ﬂ_*_—__~___ﬂé~ﬁ
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carri eyvo Qﬂg % 43 Whi ch an image fornmed on the surface of a pnhppmggnnhugor
i s devel ope y the toner, the image is transferred fromthe surface to an

|nterned|ate transfer nmenber and fromthe internediate transfer nenber to
a substrate the inprovement which conpyj ses using as the polyner

conprised §n ééﬁa?&ﬁbﬁ' est| Sré‘lﬂxeﬂdzé’f ‘ﬂorﬁeﬁﬁtfaéé’\ﬂhléi' fSis ?csboueolty%mr
fﬁnp?ﬂgntS%ré%ﬁ%;ﬂﬁsparaﬁgaﬁﬁér%%lééégEgﬁgéé ler 23 is f%tefhe 1a£§C|t§;

3 voltages of the latent image areas and of the background
areas on the photoreceptor surface.

Downstream of roller 26 there is preferably provided a
rigidizing roller 30, which is preferably resiliently urged
against surface 16; roller 30 is preferably formed of a
metal core having a covering of a siightly conductive
resilient material, as described, for example, in U.S.

10 Patent No. 3,959,574 or U.S. Patent No. 3,863,603. In a
11 preferred embodiment of the invention, an electrically
12 biased squeegee roller is used as roller 30. Roller 30 is
13 negatively charged to a potential of at least several
14 hundred volts, e.g. up to 2000 volts, generally with the
15 same sign as the charge on the pigmented toner particles,
16 so that it repels similarly charged pigmented particles and
17 causes them to more closely approach the image areas of
18 surface 16, thus compressing and rigidizing the image.

19 Downstream of rigidizing roller 30 there is provided
20 an intermediate transfer member 40, which rotates in a
21 direction opposite to that of surface 16, as shown by arrow
22 41, providing zero relative motion between their respective
23 surfaces at the point of propinquity. Intermediate
24 transfer member 40 is operative for receiving the toner
25 image from surface 16 and for transferring the toner image
26 to a receiving substrate 42, such as paper. Disposed
27 internally of intermediate transfer member 40 there may be
28 provided a heater 46, to heat intermediate transfer member
29 40. Transfer of the image to intermediate transfer member
30 40 is preferably aided by providing electrification of
31 intermediate transfer member 40 to a voltage of sign
32 opposite to that of the charged particles, thereby causing
33 transfer by electrophoresis. Various types of intermediate
34 transfer members are known, and are described, for example,
35 in U.S. Patent No. 4,684,238, PCT Publication WO 90704216
36 and U.S. Patent No. 4,974,027, the disclosures of all of

' 37 which are incorporated herein by reference.

W 0o N o

38 Following the transfer of the toner image to
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-5- WO 92/17823 g0y EE DESCRI PTI ON OF THE DRAW NGS Fig. I shows the

cooling curves of Elvax Il polynmers at 40% NVS in |sopar L; Fig. 2
shows the cooling curves of blends of Surlgg 9020 and El vax 4260 pol yners
&

at - 40% NVS |n l5 S co o sds 9k
Surlyn 9020 *and Rihelsiare F?ﬁ%?gra?‘% ekNg0COPhO0r Ekyeer Obupkases o

shows the c@ol engag@sved of1BRBABRY §FaS&PPyﬁ916OThhﬁd£E?5 QN 4RBY pggynﬁpg
at 40% NVS i3n lcopR@ntlional cEéﬂnlﬁgShQW&thbﬁ ceehpristngvee.gi bttedning

0
7T acot cnSarade sb YheR MAE! SoRhedl R nuiBabiratetisnd  pacaFih ©
liquid toneS \swickhas ﬁ@h@dpglygnbylene or neoprene. Clegnlng roller 50
6 may be wetted by clean lubricating cleaning ligquid, which
7 preferably comprises 1liquid developer from which all or
8 nearly all of the toner particles have been removed.
9 Cleaning roller 50 is driven so that its surface moves
10 oppositely to surface 16 at their nip, to provide scrubbing
11 action for removal of residual particles and carrier liquid.
12 from photoreceptor surface 16. A scraper 56 completes the
13 removal of any residual toner which may not have been
14 removed by éleaning station 49. A lamp 58 completes the
15 cycle by removing any residual charge, characteristic of
16 the previous image, from surface 16.
17 While the invention has been described with regard to
18 imaging systems using intermediate transfer members, liquid
19 toners of the invention can also be advantageously used in
20 systems vwhich provide direct transfer from photoreceptor
21 surface 16 to paper and subsequently fuse the image in a
22 separate fusing station. o
23 While the present invention has been particularly
24 described, persons skilled in the art will appreciate that
25 many variations and modification can be made. Therefore,
26 the invention is not to be construed as restricted to the
27 particulérly described embodiments, rather the scope,
28 spirit and concept of the invention will be more readily

29 understood by reference to the claims which follow.
30
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Hm” i ton may be enployed.  PCT/NL92/08f49, | -
m,”,mﬂnm has surprisingly been found in

I.

DESCRI PTI ON OF THE

accordarice with a préefetréed enbe nt of the present invention, that

bl ends of some ~ Surlyn polyners wth 1Sore El vax (Dupont)

terpol yners, in certain proporti on%”%g&)ssess t he

vi scosity/tenperature characteristics o I nvention, which have _been

recited i%h %he AbRAIYR&FmMELENd (Ofe atcr ikedsty tWo | RiSHINGY,| folymer
i nstances,3 i tcdifpondiesy), feuiablehd Hditiy EHayaiterd@Ediin thay grerd ed 0%

pol ymer payti
be used ?%

pi gment ed g El

% enper at ure r.anges
P 7 bé§
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oper ati ng 5 t @A@Y esit t das,hosm #hi Geniarleganithmic *ivisaasdttasers.of

tehperdtul®! WBILRRY dudhRS, & brasilpgdimd\e@nt adetetipertaiifte
ow about 65°C at a viscosity of between about 3 x 105
centipoises and about 5 x 106 centipoises.

2. A polymer blend according to claim 1, wherein at least
one of said two distinct polymer components does not have,
in a 40% non-volatile mixture with a hydrocarbon 1liquid
toner carrier, on a semi-logarithmic viscosity wvs.
temperature cooling curve, a break-point at a temperature
below about 65°C at a viscosity of between about 3 x 105
centipoises and about § x 105 centipoises.

3. A polymer blend according to claim 1, wherein at least
two of said two distinct polymer components do not have, in
a2 40% non-volatile mixture with a hydrocarbon liquid toner
carrier, on a semi-logarithmic viscosity vs. temperature
cooling curve, a bréak-point at a temperature below about
65°C at a viscosity of between about 3 x 109 centipoises and
about 5 x 10% centipoises.

4. A polymer blend according to claim 1 or claim 2 wherein

said blend substantially comprises only two distinct polymer
components.

5. A polymer blend according to any cne of the previous
claims wherein one of said polymer components is an ionomer
derived from ethylene/methacrylic acid copolymers and

another of said polymer components is an ethylene/vinyl
acetate/acid terpolymer.

6. A polymer blend according to any of the previous claims
wherein one of said polymers is present in a range of about
25%-80% and the other of said polymers is present in a range
of 20% to 75% by weight.
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Fig. 1 WOR{E7828cool | ;”m" iscosity vs. tenper BEGNLI2Z/P0049
various El vax I I reS| n mﬂulmm,”"rlon volatile solids) mxture
with, I|sopar ah i%sopparaf finic hydrocarbon fraction, which
is often used as a carrler liquid in liquidigewel opers. It is estlnated
that 40% NVS is the approximate proportion in a |liquid toner inmge when the
i mage is trahsferred to paper. As seen in Fig. 1 Elvax Il 5650T and

Elvax |l 59507 +resids higwidr daipms ntfomiusie in hdmigsing:d proagesseshemh idhe

3 comprises pigmented toner particles, at least one charge
director and a hydrocarbon liguid toner carrier, wherein the
polymer comprised in said particles is a blénd according to
any of the preceding claims.

8. In an electrostatic imaging process utilizing a 'liquid
toner which includes pigmented toner particles, at least one
10 charge director and hydrocarbon liquid toner carrier, the

11 improvement which comprises utilizing the toner according to
12 claim 7.

13

14 9. An electrostatic imaging process according to claim 8
15 including the steps of:

O 0 4 o &

16 forming an electrostatic image on an imaging surface;
17 developing the image with the l;quid toner to form a
18 developed liquid toner image; and :

19 transferring the developed liquid toner image to a
20 final substrate.

21

22 10. An electrostatic imaging process according to claim 9
23 wherein the step of transferring includes the steps of:

24 transferring the developed image from the imaging
25 surface to an intermediate transfer member; and

- 26 transferring the image from the intermediate transfer

27 member to the final substrate.
28

29
30
31
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- 6- brg&%ilmnterrperature S about.'_ 55?19/6]] '-_ 65[err] C and th’E’\’/‘?‘%%%{S."?y"’ S
between 3 x 10[err] and 106 centi poi se&/®hile these break- points are not
especially sharp, these materials are satisfactory toner polyners. O her

Elvax |11 resins such &IG vhiiBELVAXN e @ndRESENS!. 5720 have viscosities
which are too | ow and in geneg 1Qpr §her n§[ particle resins
for liquid toners. I n p‘é&g&gﬁes?ﬁ ggsop?%?a out
10[err]-15[err]C as it cones I cC W e_'fi_ng_l_s_g@trg_’ge and the

i mage does not split on transFer Fromarinternedrat e transrer menber to
the final supgiate if it cools to a tenperature above the break point.
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Fig WO (cooling) curves viscosity vs. tenp 12200049

various Surlyn 9020/ El vax 4260 bl ends Z Surlyns are iononers derived
fromethyl ene/metacrylic acid copol yn# and the Elvaxs (as opposed to the
Elvax Ils) are acid rmdlfled et hyl ene vi nyI acetate terpolymers. Both are

manuf act ured by Dup "R Y OotRTIHh® e
Surlyn 9020 and the ure E}Iig't?o d@ é@re% %26 BELEF\BIS
condi ti ons of break point t Qﬁru% Sld e EI vax 4260 does
have a break-point at about Qtp@r ng tQUYVEpsity at th| S point is very

| ow. Surlyn 9020 does not hazesz frreak=— gt o = He propes =ange = e e
very high viscpsity in the desired tenperature range. Neither of these
resins hasltéen_found to be a suitable polyner for |ow terrperature

operation in an-inter nmedi ate transfer i magi ng system - Bl ends
‘cont ai ni ng bet ween 50% and 80% Surlyn 9020 do
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neet tWe© 92/17823i a and are be'l ieved to be 3% abl e for use F’Fri’m%?’m%te
shows

viscosity vs.
seen

|l iquid toner systens.

is too low This resin

Fig. (cooling) curves of

tenperature for various Surlyn 9020/ El vax 4355 bl ends. As
in Fig. 3 both the pure El vax 4355 does not .neet
opti mum condi tions of
4260 does have a bre
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-7- syWQ$2/17823 Bl ends contai ning 25% 75%. and 80% Sur | yn PSTSNLIZ/ORMS: ¢ he
criteria and are believed to be suH;abIe ?g use in internmedi ate transfer
liquid t'oner systens. The bl end containing 66% Surlyn 9020 margi nally neets
the criteria and may al so be suitable. Fig. 4 shows (cooling)
curves of viscosity vs. tenperature for various Surlyn 1601/ El vax 4355
bl ends. As seen in FIBIG4 4hSTPREYNr | 16040+ ED¥A R0t 4855 t BLEBND Sed
opti mum condi tions of break g ?teltqqqesat 1§ *TS’O:?% Rsity. Surlyn 1601
does not have a break-point ( 8i: Hé)p% WEE) and has a very high
viscosity in the desired cooill u
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t enper MAP¥ 178 e. This resin has not been found to be sui tPADI/NLIZL0049
base for toner particles wused for 5/5\/ tenperature operation-in an

i ntegmedi ate transf-er imagi ng system Bl ends contai ni ng bet ween 25%
and 75% Surlyn 1601 do neet the criteria and are believed to be suitable
for use in intermnedi t s, o\ i . % | end
margi nal |y neets thequlliﬁterfsml‘ %B(tgf %ﬂz %Eﬁ ngﬁ?g@g
viscosity  vs. tenperature‘fgrpgl'r-l\ot Sulnyn &8 4260 bl ends.

Bl ends cont ai ni ng bet ween 25(%9 mg scrmrrva 01 do appear to neet the

criteria and are believed to=le=stdable = of =ise- 0= Biprgediato—i+ ansd 67— —
liquid tonitrgsystem; Wile Figs. 2-5 do show a certain amount

of unpredi ity regarding the suitability of a particular blend even
when the suitabflity of other blend of the sane
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. WO 92/17823 .. : : : . P(ﬁl‘ ?ooa
materi al s fs nown. Notw thstanding this unpredictability, t e!ﬂﬁﬂzf e i

person can of course readily determ ne ) vi scosity/tenperature
rel ati ohnships for any particul ar polymer blend in order to know whet her
t hese are -such that the blend in question falls within the scope of the

I nventi on. It wll further be appreciated that persons skilled in the.
art may readily determ ne the optinmal tenperatures at which,tshe pol yner
bl ends of the invention, which in liquid toners will _of codrsSe be in an

adm xture with liquid toner
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-8-"carrier, pignent and charge director, may be utilized-f.of c!
i magi ng pur poses. Li qui d toner conp03|t|ons of théf :

i ncorporate the inventive polyner blends neceds a¥i
carrier liquids, usually solvents. Typical of such :
are ment i oned her e for illustrative 1purposes Wankyia
insul ating,- nonpolar liquids, preferably having & Yésrsb1V|ty“w. :
of about 10[err] ohmcm and a dlelemnnnnucdnanunl belom/about 3.0. These
solvents are generally hydr RO TH [ i . e
preferably | sonmeri zed alip -e%aﬁphe“”rhose““‘
mar ket ed by ExxorThe present invention relates to polymer blends which

are useful in 1liquid toner compositions for imaging

processes.
BACKGROUND OF THE INVENTION

- Liquid toner compositions used in imaging processes

. generally comprise pigmented polymeric particles, a carrier

liguid and charge director. Certain imaging processes  use

-t intermediate transfer members which receive an image from

the photoconductor and transfer it to the final substrate,

e.g. paper. When an intermediate transfer member (ITM) is

used, the 1liquid toners should meet the following three

criteria, nahely, they should transfer well from the

photoconductor to the ITM; they should transfer well from

the ITM to the final substrate; and they must fuse well to

the final substrate so that "the image is abrasion
resistant.

The transfer steps'are'preferably effected at as low a
temperature as possible, because low temperature operations
prolong the 1life of the ITM and the photoconductor. The

* liquid toners presently used in the art frequently contain
Elvax(R) 11 polymers or Surlyn (R) polymers. While the
Elvax II polymers generally transfer and fix well, some of
them are too soft in the presence of carrier 1liquid to
resist squashing during transfer to and from the
intermediate transfer member. Those which do transfer and
fix well require intermediate transfer member temperatures
which marginally effect the operation of the photoreceptor
and reduce the life of the intermediate transfer member.

In general Surlyn polymers wet paper substrates poorly
and require very high temperatures for fixing on paper.
These materials are, however, very hard and therefore are
very abrasion resistant when they are fixed to paper at
high temperatures.

SUMMARY OF THE_ INVENTION

In a liquid toner imaging system utilizing a

photoreceptor and an intermediate transfer member (ITM),

Thls is the replacement sheet
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Cbrporatlon under such trade marks as Isopar-G, | sopar-H, I|sopar-L and
tsopar-M which neet the preferred resistivity and dielectric requirenents.
Al ternatively, other |iquids having t he prefefred resistivity and
dielectric requirements, e.g. light mneral oils, such as those
manuf actured by the Hunble O and Refini-hg-Conpany under the trade.
mar ks Mar coltk® ammhésir cithage, (whjchecontains & Subshantiali t ambantsolofent

S ket earr 1 RERRAPCKar (FRO"ERre Bt | EFanERe) SE5A! HETMG WP

manuf acturers as a te ni ca m nera
129[err] C, \ﬁlsltaﬂs.ﬂb%wa@e( )T at PAPEF er r§guldghave) a. ve@es:pvatlym[lam 0
when neasunrgiscositep méDl ABMit B x 164D, to sprcibPc geatipwises

. 808/ . 818 at nd asured according to ASTM D 298
B ends %\53*3?}4%% 58, tﬁléaxan&% ? PREFE: n¥AE B | ROSTA
toners and wsich | rthee | papex] (whereby the toner image cools somewhat),
the viscosity should substantially increase so that the
image transfers completely (i.e. not splitting between the
ITM and the substrate). Thus a semi-logarithmic cooling
curve of viscosity vs. temperature should show a transition
‘between a lower slope (slowly varying) portion for
temperatureé above the knee and a high slope portion for

'+ temperatures below the knee. The term "break-point" is used
herein in the specification and claims to describe this
transition. This knee should occur at or near the optimal
viscosity range at as low a temperature as possible and
should be as sharp as possible.

Moreover, the transferred image, while still
containing a high percentage of carrier 1liquid, should
preferabiy be hard, in order that an additional
fusing/fixing step in which solvent is evaporated, may be
avoided.

The known Elvax II (Dupont) polymers which are useful
as toner materials for example Elvax II 5650T and 5950,
when in a 40% NVS (non-volatile solids content) mixture
with Isopar L carrier liquid have a knee at approximately
the correct viscosity at a temperature of about 60°C. Other
Elvax II materials have a lower break-point temperatures
but their viscosity is low and they are more prone to
squash than the preferred Elvax II materials.

Surlyn polymers (Dupont) (which are “"ionomers" derived
from ethylene/methacrylic acid copolymers), when used in
ligquid toners, confer excellent abrasion resistance on the
image, but transfer poorly to paper and require very high
ITM temperature to effect fixing to substrates.

It is an object of one aspect of the present invention
to provide polymer blends which have broadly a similar
range of viscosity as the Elvax II $650T and 5950 resins,

This is the replacement sheet
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| magi ng system incorporating an internediate transfer menber. Using
these toners, a good transfer to the internediate transfer nenber
was obtained, as well as a good transfer fromthe latter to both XEROX
paper and printers stock at optimal internediate transfer nenber
tenperatures between 45[err]C and 70[err] C, depending on the blend, with
optinmal tenperatures for the Surlyn 9029 _based toners having an optinmum

i nt er nedi at gy’ ahsh8ing enPesiddle pdimet o eturddieg r | pafdt 50her r AC aveeirhe
Y o0 (e, Urerbby ThafifP prBedd0¢, BaLELEu1A2T5' SEnELPS!
tenperature ¢
employing an ITM, can be conducted at relatively 1low
temperatures. Other objects of the invention will appear
from the description which follows.

. The present invention accordingly provides in one
.aspéct, a polymer blend of at least two distinct polymer
components, the blend being characterized by the fact that
in a 40% non-volatile mixture with a hydrocarbon 1liquid
toner carrier, on a semi-logarithmic viscosity vs.
temperature cooling curve, it has a break-point in the
viscosity vs. temperature curve at a temperature below
about 65°C and viscosity between about 3 x 105 and 5 x 10°
centipoise.

Preferably at least one of the polymer components does
not have a break point in the preferred range.

. In a preferred embodiment of the invention, one of the
polymers is an ionomer derived from ethylene/methacrylic
acid copolymer. One of the preferred polymers is a
terpolymer preferably an acid modified ethylene wvinyl
acetate terpolymers. In a preferred embodiment of the
invention each of the components are present in the range
of between 25% and 75%.

' In another aspect, the invention provides a 1liquid

toner for use in imaging processes which comprises

pigmented polymer particles, at least one charge ndirector?

and a hydrocarbon liguid toner carrier, wherein the polymer

comprised in the particles is a blend of at 1least two

¢ distinct polymer components, the blend being characterized
by the facts recited in the preceding paragraphs.

The invention further provides, in an electrostatic

imaging process utilizing a liquid toner which includes

5 pigmented poiymer particles, at least one charge director
and a hydrocarbon liquid toner carrier, the improvement
which' comprises using as the polymer comprised in the
particles is a blend of at least two distinct polymer

/ components, the blend being characterized by the facts
recited in the preceding paragraphs.

This is the replacement sheet
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-9- of 60[err]-70[err]C In this exanple, the inmage was soft in
presence of carrier liquid, but good fixing was obtained by evaporation of
the carrier in an additional fusing/fixing step. It is believed, however,
that -using other. polynmer blends within the scope of the invention wll
enabl e harder inmages to be obtained, thus avoiding the necessity for the
addi tironal fusing/fixing step. The specific preferred toners which are
di scl osed herein are preferably produced as follows. 1000 grans of pol yner
material in the required proportions and 1000 grans of |sopar-L are m xed
at | ow speed in a jacketed double
-4 - _
There is yet further provided by the present

invention, in an electrostatic imaging process utilizing a
liquid toner which includes pigmented polymer particles, at
least one charge director and a hydrocarbon liquid toner
carrier, and in which an image formed on the surface of a
photoconductor is developed by the toner, the image is
transferred from the surface to an intermediate transfer
member and from the intermediate transfer member to a
. substrate, the improvement which comprises using as the
polymer comprised in the particles is a blend of at least
two distinct polymer_'components, . the blend being
characterized by the facts recited in the preceding
_paragraphs.

This is the replacement sheet
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pl anetary mixer connected to an oil heating unit set at 170[err] C for one
hour. 2000 grans of Isopar L, preheated to [err]110[err]C is added to the
m x and the whole is mxed for a further hour at high speed. The materi al
is allowed to cool in the mxer until it reaches [err]70[err]C at which
time it is discharged fromthe m xer j®gto alum num pans. The material is

cool ed to room tenperat urgreftl bRsERIPHEEEH @ﬁdTﬁﬁsﬁﬁﬂwtﬁégrgh185gﬁat f
rinder to producg, a coarsely ground ferial. ﬁgprOX|nafe grans o
?he coarsely gro hat%r?%?%sG%hﬁr%ﬂg§ngNBBEY9 €§r§$ﬂaﬁliék PeaBersand
1200 grams it [40pNVS HmeIstpaged;into a S1 attritor (Union Process) and

: " i.n
(Lerr1200) . mndidood (RS EhE o300 P BaFRas ook RAdRaR (B3 wshdiep
di anet er of HRutardl [Bkvixn 476@ pelyhernstatnéetiMVSi $ndisoperd Lo a
non-vol atile sol ighgy conf etMo®l the%odPifg LGPPEE br HDBHEE dEEECEBEiyﬁs
known 9020 and Elvax 4355 polymers at 40% NVS in Isopar L;
Fig. 4 shows the cooling curves of blends of Surlyn
1601 and Elvax 4355 polymers at 40% NVS in Isopar L;
Fig. 5 shows the cooling curves of blends of Surlyn
1601 and Elvax 4260 polymers at 40% NVS in Isopar L; and
Fig. 6 illustrates an electrostatic imaging apparatus

and process in which a ligquid toner which includes the
polymer blend of the present invention may be employed.
DETAILED DESCRIPTION OF THE INVENTION
It has surprisingly been found in accordance with a

preferred embodiment of the present invention, that blends
of some Surlyn polymers with some Elvax (Dupont)
terpolymers, in certain proportions, possess the
viscosity/temperature characteristics of the invention,
which have been recited in the above summary (the
“criteria").  In particular instances; it has been found
that 1liquid toners containing pigmented polymer particles
wherein the polymer is constituted by such blends, may be
used in electrostatic imaging processes at either
comparable operating temperatures to those which are
utilized in the case of pigmented Elvax II polymer
particles, or even at advantageously lower temperature
rahges.

Fig. 1 shows (cooling) curves of viscosity vs.
temperature for various El&ax II resins in a 40% NVS (non-
volatile solids) mixture with 1Isopar L (EXXON), an
isopparaffinic hydrocarbon fraction, which is often used as
a carrier liquid in liquid developers. It is estimated that
40% NVs is the approximate proportion in a 1liquid toner
image when the image is transferrgd to paper. :

As seen in Fig. 1 Elvax II 5650T and Elvax II 5950
resins have breakpoints within the desired range, where the

This is the replacement sheet
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inthe art are added to charge the toner particles. Preferably, the charge
directors described in commonly assigned U S. patent application 7/354,121,
filed May 22, 1989, or U S. patent application 7/533,765, filed on June 6,
1990, the disclosures of which are incorporated herein by reference, my be
used. Reference will now be made to Fig. 5 which illustrates inmaging
apparatus, in which the electrostatic. igmagi ng process of the invention

enpl oyi ng ”l@rééﬁpkbﬂntoﬂéﬁﬁeﬁétﬁi‘& hQVSBthnsélmeud:l e.gadt |‘t@xe| NYgRdosi ty
pol ymer Bl enfs) poBeds §% 169 Sha 108°-2R 30128, OlmiiTe® (3R 2 ‘i-sea'ks
descri bed :
points are not espec1ally sharp, these materials are
satisfactory toner polymérs. Other Elvax II resins such as
Elvax II 5610 and Elvax II 5720 have viscosities which are
too low and in general are not preferred as toner particle
resins for liquid toners. .

In practice the image cools by about 10°-15°C as it
comes in contact with a final substrate and the image does
not split on transfer from an intermediate transfer member
to ‘the final substrate if it cools to a temperature above
the break point.

Fig. 2 shows (cooling) curves of viscosity vs.
temperature for various Surlyn 92020/Elvax 4260 blends. The
Surlyns are ionomers derived from ethylene/metacrylic acid
copolymers and the Elvaxs (as opposed to the Elvax IIs) are
acid modified ethylene vihyl acetate terpolymers. Both are
manufactured by Dupont corporation.

As seen in Fig. 2 both the pure Surlyn 9020 and the
pure Elvax 4260 do not meet the required optimum conditions
of break point temperature and viscosity. While Elvax 4260
does have a break-point at about 42°C, the viscosity at
this point is very low. Surlyn 9020 does not have a break-
point in the proper range and has a very high viscosity in
the desired temperature range. Neither of these resins has
been found to be a suitable polymer for 1low temperature
operation in an intermediate transfer imaging system.

Blends containing between 50% and 80% Surlyn 9020 do
meet the criteria and are believed to be suitable for use
in intermediate: transfer ligquid toner systems.

Fig. 3 shows (cooling) curves of viscosity vs.
temperature . for various Surlyn 9020/Elvax 4355 blends. As
seen 1in Fig. 3 both the pure Elvax 4355 does not meet the
required optimum conditions of break point temperature and
viscosity. While Elvax 4260 does have a break-point at
about 35°C, the viscosity at this point is too 1low. This
resin has not been found to be suitable resin low
temperature operation in an intermediate transfer imaging
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- 10 - in the context of |iquid devel oper systens with negatively

charged particles and positively charged photoreceptors, but the
i nvention may al so be applied to other conbi nations of toner charge and
phot or ecept or char ge. The apparatus of Fig. 5 conprises a drum 10

arranged for rotation about axle in thd direction indicated by arrow
14. Drum 10 $¥st¥@Rped with a cyllndrlcal phot oreceptor surface 16,

preferably Se|en'U§1e§§§eéontﬁin1n@r§3§'C75%pEBHOQGQdBﬁEQ¥ﬁFdﬂ%ﬁ"d&“ﬁeet

apparatus is activated, druml bégins . to rotate and
operative to g%m%ra?¥bﬁerhﬂlfBPﬁ1?rechﬁigsve§uFPaP§ syjtaple Tor Ms& il
char ge, intermediate transfer 1liquid toner systems. The blend

containing 66% Surlyn 9020 marginally meets the criteria
and may also be suitable.

Fig. 4 shows (cooling) curves of viscosity vs.
temperature for various Surlyn 1601/Elvax 4355 blends. As
seen in Fig. 4 the pure Surlyn 1601 does not meet the
required optimum conditions of break point temperature and
viscosity. Surlyn 1601 does not have a break-point in the
proper range and has a very high viscosity in the desired
temperature range. This resin has not been found to be

. suitable as a base for toner particles used for low
temperature operation in an intermediate transfer imaging
system. |
Blends containing between 25% and 75% Surlyn 1601 do
meet the criteria and are believed to be suitable for use
in intermediate transfer liquid toner systems. The 80%
Surlyn blend marginaily meets the criteria.
Fig. 5 shows (cooling) curves of viscosity vs.
temperature for various Surlyn 1601/Elvax 4260 blends.
Blends containing between 25% and 80% Surlyn 1601 do
-appear to meet the criteria and are believed to be suitable
for use in intermediate transfer liquid toner systems.
While Figs. 2-5 do show a certain amount of
unpredictability regarding the suitability of a particular
blend even when the suitability of other blend of the same
materials is known. Notwithstanding this unpredictability,
the skilled person can of course readily determine the
: viscosity/temperature relationships for any particular

polymer blend in order to know whether these are such that
- the blend in question falls within the scope of the
' invention. :

It will further be appreciated that persons skilled in
the art may readily determine the optimal temperatures at
which the polymer blends of the invention, which in 1liquid
toners will of course be in an admixture with liquid toner
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typically of the order of 1000 volts. Continued rotation ~of drum 10

brings charged surface 16 into inmage receiving relationship with |ight
source 19, for exanple a | aser scanner, which projects a desired i mage
onto charged surface 16, thereby selectively discharging this surface
and producing a |latent inage theng;n. Typically, the di schar ged

areas of suré@eeid®, hayeghene! aagecRArd80a2fctoyry! hey be utilGeRd nuyes
ace 16 bearing the electrostatic

rotation of um 10 br)ngs,chatged_sur

ot ont | mage 1T R IR, 1RaGLEG CRREPPERE - i 1 devel oper unit 22

operative to appliquid tonerd dempbsptiofisonef) thedeinveptilom | abheinth

0%y or G GLER o B! STRvellt o2 2pEHRRRPE B! O AT

engaged wi t IFOnfeanRrgaript GRrsieTatéquids, usyalilyegolwentsi.n Typicad: ent

No. 4,690,539 Or si@chSiN§bBvents, which are mentioned here for
illustrative purposes only, are insulating, nonpolar
liquids, preferably having a resistivity in excess of about
10° ohm-cm and a dielectric constant below about 3.0.
These solvents are generally hydrocarbons, preferably
aliphatic and more preferably isomerized aliphatic
hydrocarbons, as, for example, those marketed by Exxon
Corporation under such trade marks as Isopar-G, Isopar-H,
Isopar-L and Isopar-M, which meet the preferred resistivity
and dielectric requirements. Alternatively, other 1liquids

i having the preferred resistivity and dielectric
' requirements, e.g. light mineral ocils, such as those

manufactured by the Humble 0il and Refining Company under
the trade marks Marcol 52 and Marcol 62, may be used.' A
further suitable solvent is marketed as "Peneteck"
(Penreco, Butler, Pa.) described by the manufacturers as a
technical white mineral oil, of flash point 129°C,
viscosity 38/42 (SUS at 100°F) and 3.4/4.7 (CST at 40°C)
when measured according to ASTM D 445, specific
gravity .808/.818 at 60°F and API 41.5/43.6, measured
according to ASTM D 1298. '

Blends of 75% Surlyn and 25% Elvax terpolymer were
made up into 1liquid toners and used in a 1liquid toner
imaging system incorporating an intermediate transfer
menber. Using these toners, a good transfer to the
intermediate transfer member was'obtained, as well as a
good transfer from the latter to both XEROX paper and
printers stock at optimal intermediate transfer member
temperatures between 45°C and 70°C, depending on the blend,
with optimal temperatures for the Surlyn 9020 based toners
having an optimum intermediate transfer temperature of
between 45° and 50°C and the Surlyn 1601 based materials
having an optimal intermediate transfer member temperature
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devel opnent station where the liquid toner is changed between colors, or
any ot her suitable devel opnent system Devel oper unit 22 includes
apparatus (not shown) for di spensing carrier liquid, toner particles and
char ge director, each of which may be stored in separate dispenser cans
or reservoirs. Fol |l owi ng application of toner thereto, surface 16
passes a typically positively charged gotating roIIer 26, preferably

rotating in (3€§f£?§68n 'nﬂbcaéﬁﬂsb%xéﬁ%9$’ §ahLEer ggsfugggkpngnas a

nmetering rol reduces th I ckhess I| urd on surf :

Typical |y, tpﬁg%ﬁﬁg#a?f carrier liquid, but good f1x1ng was obtalned by
evaporation of the carrier in an additional fusing/fixing
step. It is believed, however, that using other polymer
blends within the scope of the invention will enable harder
images to be obtained, thus avoiding the necessity for the
additional fusing/fixing step.

The specific preferred toners which are disclosed
herein are preferably produced as follows. 1000 grams of
polymer material in the required proportions and 1000 grams
of Isopar-L are mixed at low speed in a Jjacketed double
planetary mixer connected to an oil heating unit set at
170°C for one hour. 2000 grams of Isopar L, preheated to
®110°C is added to the mix and the whole is mixed for a

»  further hour at high speed. The material is allowed to cool

v in +the mixer until it reaches ®70°C at which time it is
discharged from the mixer into aluminum pans. The material
is cooled to room temperature and is shredded and passed
through a meat grinder to produce a coarsely ground
material. Approximately 1050 grams of the coarsely ground
material, 66 grams of Mogul~L carbon black (Cabot) and 1200
‘grams of Isopar L are charged into a S1 attritor (Union
Process) and milled by 3/16" carbon steel balls for 10
hours with water cooling (=20°C). The resultant toner
particles have a median (by weight) diameter of about 2 um.
The resultant material is diluted to a non-volatile solids
content of 1.5%, using Isopar L. Charge directors as known
in the art ‘are added to charge the toner particles.
Preferably, the charge directors described in commonly
assigned U.S. patent application 7/354,121, filed May 22,
1989, or U.S. patent application 7/533,765, filed on June
6, 1990, the disclosures of which are incofporated herein
by reference, may be used.

Reference will now be made to Fig. 5 which illustrates
imaging apparatus, in which the electrostatic imaging

- process of the invention employing the ligquid toners of the
invention (including the inventive polymer blends),-may be
carried out. The operation of this apparatus is deécribed
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- 11 - separation of roller 26 fromsurface 16 is about 50 m crons,
and the voltage on roller 26 is internedi ate the vol tages of the | atent

i mage areas and of the background .areas on the photoreceptor surface.
Downstream of roller 26 there is preferably provided a rigidizing roller
30, which is preferably resiliently wegged. against surface 16; roller 30

| s preferablin ft{drsbntdxt dof m@idca)éeehayeﬁgsﬁseemsrwmahof nagaltiigiily

conductive resiljent maierial s describ for S.

Patent  No. @w%nmtw%s pindopoRbEluehs, eharded Tphgtoteceptors,
but the invention may also be applied to other combinations
of toner charge and photoreceptor charge.

The apparatus of Fig. 5 comprises a drum 10 arranged
for rotation about axle in the direction indicated by arrow
14. Drum 10 is formed with a cylindrical photoreceptor

} surface 16, preferably selenium based or organic
photoconductors. When the apparatus is activated, drum 10
begins to rotate and a charger 18 is operative to generally
uniformly charge surface 16 with a positive charge,
typically of the order of 1000 volts. Continued rotation
of drum 10 brings charged surface 16 into image receiving
relationship with light source 19, for example a laser
scanner, which projects a desired image onto charged
surface 16, thereby selectively discharging this surface
and producing a latent image thereon. Typically, the
discharged areas of surface 16 have a voltage of 100-200
volts.

Continued rotation of drum 10 brings charged surface
16 bearing the electrostatic latent image into operative
association = with developer unit 22, operative to apply a
liquid developer (toner) to develop the latent image. For
multicolor systems, unit 22 may comprise, for example, a
plurality of developers, one for each color, which are
selectively engaged with the photoreceptor surface, as
described e.g. in U.S. Patent No. 4,690,539, or a single
development station where the liquid toner is changed
between colors, or any other suitable development system.
Developer unit 22 includes apparatus (not shown) for
dispensing carrier 1ligquid; toner particles and charge
director, each of which may be stored in separate dispenser
cans or reservoirs.

Following application of toner thereto, surface 16

- passes a typically positively charged rotating roller 26,
preferably rotating in the direction indicated by arrow 28;
‘roller 26 functions as a metering roller which reduces the
thickness of liquid on surface 16. Typically, the spatial
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preferred enbodi ment of the invention, an electrically bi ased squeegee
froller is used as roller 30. Roller 30 is negatively charged to a

potential of ‘at | east several hundred volts, e.g. up to 2000 volts,
generally with the same sign as the charge on the pignmented toner
particles, so that it repels simlarly charged pignented particles and

causes themto nore closely approach thej page areas of surface 16, thus

conpressi g gegairh®idn?i M t 1R11WIC 26 from RWEIdEaN Of {4 i hghdd 50
roller 30 there is provid an i nternedi ate transfer penber 40, whic

ed (
rotates in a™CHPREet i ARDIMEME RIS 100t FHLISK 2ic S entarnediftey e ow
41, providi ngodtagese! dif theMiatehthdmeRR drittid AIMBREECt itige  SAEKRESSng at

the point of ropi QQui ty. | nt er medi at transfer nmenber 40 is
operative fo?rfggeloa ﬁg’et I%‘qt(?ﬁé*lceptic’ﬁaggé‘ surface 16 and for

transferring the Dowastresge of troller r2#cdheareg iss prefextablp prsavidedisa
paper. D SP9§eMizing roller 30, which is preferably resiliently urged
' against surface 16; roller 30 is preferably formed of a
metal core having a covering of a slightly conductive
resilient material, as described, for example, in U.S.
Patent No. 3,959,574 or U.S. Patent No. 3,863,603. In a
preferred embodiment of the invention, an electrically
biased squeegee roller is used as roller 30. Roller 30 is
negatively charged to a potential of at least several
hundred volts, e.g. up to 2000 volts, generally with the
same sign as the charge on the pigmented toner particles,
so that it repels similarly charged pigmented.particles and
causes them to more closely approach the image areas of
surface 16, thus compressing and rigidizing the image.
Downstream of rigidizing roller 30 there is provided
an intermediate transfer member 40, which rotates in a
direction opposite to that of surface 16, as shown by arrow
41, providing zero relative motion between their respective
surfaces at the point of propingquity. Intermediate
transfer member 40 is operative for receiving the toner
image from surface 16 and for transferring the toner image
to a receiving substrate 42, such as paper. Disposed
internally of intermediate transfer member 40 there may be
provided a heater 46, to heat intermediate transfer member
40. Transfer of the image to intermediate transfer member
40 is preferably aided by providing electrification of
intermediate transfer member 40 to a voltage of sign
opposite to that of the charged particles, thereby causing
transfer by electrophoresis. Various types of intermediate
transfer members are known, and are described, for example,
in U.s. patent No. 4,684,238, PCT Publication WO 90/04216
and U.S. Patent No. 4,974,027, the disclosures of all of
which are incorporated herein by reference.
} Following the transfer of the toner image to
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internally of internmediate transfer nenber 40 there may be provi ded a
heater 46, to heat internediate transfer nenber 40. Transfer of the imge
to internedi ate transfer nenber 40 is preferably aided by providing
electrification of internedi ate transfer nmenber 40 to a voltage of sign
opposite to that of the charged particles, thereby causing transfer by

el ectrophoresis. Various types of internedi ate transfer nenbers are
known, and are described, for exanple, - 12nmU.S. Patent No. 4,684, 238, PCT
Publ i cation {Wketpediate sxansfsr member MO PhQ#QnﬁPEPQQEaﬁﬂ%ﬁﬂ%%urb@ of

al | of Wh'éﬁ?aéés' naoreqteahsﬂghertawohy aoef endnee sttlicVndy ¥ any
transfer toner ipage to

conventional cleaning station, comprising e.g. cleaning
roller 50 which may comprise a suitable resilient material
such as foam polyethylene or neoprene. Cleaning roller 50
may be wetted by clean lubricating cleaning liquid, which
preferably comprises liquid developer from which all or
nearly all of the toner particles have been removed.
Cleaning roller 50 is driven so that its surface moves
oppositely to surface 16 at their nip, to provide scrubbing
action for removal of residual particles and carrier liquid
from photoreceptor surface 16. A scraper 56 completes the
removal of any residual toner which may ‘not have been
removed by cleaning station 49. A lamp 58 completes the
cycle by removing any residual charge, characteristic of
the previous image, from surface 16.

While the invention has been described with regard to
imaging systems using intermediate transfer members, liquid
toners of the invention can also be advantageously used in
systems which provide direct transfer from photoreceptor
surface 16 to paper and subsequently fuse the image in a
separate fusing station.

While the present invention has been particularly
described, persons skilled in the art will appreciate that
many variations and modification can be made. Therefore,
the invention is not to be construed as restricted to the
particularly described 'embodiments, rather the  scope,
spirit and concept of the invention will be more readily
understoocd by reference to the claims which follow.
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- 12 - | nt erviliepti Be 1¢% menber 40, photoreceptor surface 16 engages a
cleaning sta Station may be any conventional cleaning station,
conpri si ng e 'MHIB win& ol l'er 50 which nmay conprise a suitable resilient
mat eri al suc et hyl ene or neoprene. J eaniigGa¥de raRPeRg) be
wetted by clean lubricating cleaning I'iguj4, _which preferabkXNE¢BpPrises

i quid devel oper fromwhich all or nearly all of the tomer—partTctes have
been renoved. 'CLAIMS

1. A polymer blend of at 1least two distinct polymer
components, the blend being characterized in that in a 40%
non-volatile mixture with a hydrocarbon 1liquid toner
carrier, it has, on a semi-logarithmic viscosity wvs.

temperature cooling curve, a break-point at a temperature
below about 65°C at a viscosity of between about 3 x 10°
centipoises and about 5 x 106 centipoises.

2. A polymer blend according to claim 1, wherein at least
one of said two distinct polymer components does not have,
in a 40% non-volatile mixture with a hydrocarbon liquid

. toner carrier, on a semi-logarithmic viscosity vs.
temperature cooling curve, a break-point at a temperature
below about 65°C at a viscosity of between about 3 x 10°
centipoises and about 5 x 106 centipoises.

3. A polymer blend according to claim 1, wherein at least
two of said two distinct polymer components do not have, in
a 40% non-volatile mixture with a hydrocarbon liquid toner
carrier, on a semi-logarithmic viscosity vs. temperature
cooling curve, a break-point at a temperature below about
65°C at a viscosity of between about 3 x 105 centipoises and
about 5 x 10° centipoises.

4. A polymer blend according to claim 1 or claim'z wherein
said blend substantially comprises only two distinct polymer
components. '

5. A polymer blend accofding to any one of the previous
claims wherein one of said polymer components is an ionomer
derived from ethylene/methacrylic acid copolymers and
another of said polymer components is an ethylene/vinyl
acetate/acid terpolymer.

6. A polymer blend according to any of the previous claims
wherein one of said polymers is present in a range of about
25%-80% and the other of said polymers is present in a range
of 20% to 75% by _weiaht.
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rven so that its surface noves oppositely to
© %'eg,Ref,lgze@rovi-de scrubbing action for renoval of

o
ﬂﬁﬁ E ier liquid fromphotoreceptor surface 16. A

Cl eani ng
surface 16 at.
resi dual par
scraper 56 co noval of any residual toner which may not have
been renoved tion 49. A lanp 58 conpl etes. . the cycle by
renoving any residual charge, characteristic of the (SENGARORE TAGENT
surface 16. Wiile the invention has been describgd wiGRakggs d t
i magi ng systems using intermediate transté¥ menbers, Tiqui t he
I nvention can al so be advantageously used in systens which provide direct

transfer from photorecgept.ar surface 16 to paper .and subsequently fuse the
imge in a sgbarahe ﬁd@%ﬁa'siﬁﬁ%ﬁm for “ﬁ%ﬂ%? iR 9 Pies MOT io‘“_ﬁhl s
been parti cocbapiiseésscpiominted sdomherkigdraddled hatarleast | ompr eshatge
t hat

rom

director and a hydrocarbon liquid toner carrier, wherein the
polymer comprised in said particles is a blend according to
any of the preceding claims.

8. In an electrostatic imaging process utilizing a 1liquid
toner which includes pigmented toner particles, at least one
.charge director and hydrocarbon liquid toner carrier, the
improvement which comprises utilizing the toner according to
claim 7.

9. An electrostatic imaging process according to claim 8
including the steps of:
- forming an electrostatic image on an imaging surface;
developing the image with the liquid toner to form a
developed liquid toner image; and
transferring the developed liguid toner image to a
final substrate.

10. An electrostatic imaging process according to claim 9
wherein the step of transferring includes the steps of:
transferring the developed image from the imaging
surface to an intermediate transfer member; and
transferring the image from the intermediate transfer
member to the final substrate.
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many variations and nodification can be nade. Therefore, the invention
is not to be construed as restricted to the particularly described

enbodi ments, rather- the scope, spirit and concept of the invention wll
be nore readily understood by reference to the clains which follow

- 15 -
POLYMER BLENDS

_ ABSTRACT OF THE INVENTION
In a liquid toner for use in imaging processes which
comprises pigmented polymer particles, at least one charge

director and a hydrocarbon 1liquid toner carrier, the
polymer is a blend of at 1least two distinct polymer
components, the blend being characterized in that in a 40%
non-volatile mixture with a hydrocarbon 1liquid toner
carrier, it has on a semi-logarithmic viscosity vs.
temperature cooling curve, a break-point at a temperature
below about 65°C'at a viécosity of between about 3 x 10°
centipoises and about 5 x 10® centipoises. The polymer
blend and an electrostatic imaging process (particularly
one using an intermediate transfer member). utilizing the
above toner are also claimed. Use of such polymer blends
enables liquid toner to be applied in such processes at no
more than and in some cases iess than the customary
processing temperatures.
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CLAI VB A pol yner blend of at |east two distinct polyner

conponents, the blend being characterized in that in a 40%

non-vol atile mxture with a hydrocarbon l'i quid toner carrier, it has,
on a sem -l ogarithmc viscosity vs. tenperature cooling curve, a
break-point at a tenperature bel ow about 65[err]C at a viscosity of
bewt een : ' '

FIG 1:ELVAX—-2 RESINS
40per.NVS. in ISOPAR L.
(cooling curve).
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about 3 x 10[err] centipoises and about 5 x 106 centi poi ses. 2. A

pol yner bl end according to claim1, wherein at |east one of said at
| east two distinct polymer conponents does not have, in a 40%
non-volatile mxture with a hydrocarbon |iquid-toner carrier, on a
sem -l ogarithmc viscosity vs. tenperature cooling curve, a

br eak- poi nt at a tenperature bel o% about 65[err]C at a viscosity of

FIG 2:SURLYN 9020—ELVAX 4260 BLENDS
40per.NVS. in ISOPAR L.
(cooling curve).
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bet ween about 3 x 10[err] centipoises and about 5 x 10[err]

centi poi ses. 3. A polyner blend according to claim1, wherein at |east
two of said at |east two distinct polymer conponents do not have, in
a 40% non-volatile mxture with a ' hydr ocarbon liquid toner carrier,
on a sem-logarithmc viscosity vs. tenperature cooling curve, a

br eak- poi nt at a tenperature bel ow abojt' 65[err]C at a viscosity of

FIG 3:SURLYN. 9020-ELVAX 4355 BLENDS
40per.NVS. in ISOPAR L.
(cooling curve).
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bet ween about 3 x 10[err] centipoises and about 5 x 10[err]

centipoises. 4. A polyner blend according to claiml or claim2 wherein
said blend substantially conprises only two distinct pol yrer
conponent-s. ° :

4

FIG 4:SURLYN 1601—-ELVAX 4355 BLENDS
40per.NVS. in ISOPAR L.
(cooling curve).
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-14- 5. A pol ymer bl end according to any one of the previous cl ai s

wherein one of said polynmer conponents is an I ononmer derived from
et hyl ene/ met hacrylic acid copol ynmers and anot her of said pol yner
conponents i s an et hyl ene/ vinyl acetate/acid terpolyner. 6. A

pol ymer bl end according to any of the prevjous clai s

FIG 5:SURLYN 1601-ELVAX 4260 BLENDS
40per.NVS. in ISOPAR L.
(cooling curve).
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wherein one of said polyners is present in a range of about 25% 80W and

the other of said polyners is present * in a range of 20%to 75% by
wei ght . 7. Aliquid toner for use in inmaging processes which
conprises pignented toner particles, at |east one charge director and
a hydrocarbon liquid toner carrier, wherein the polynmer conprised in
said particles is a bl end accordi ngsto any of the preq&ﬁing cl ai ns.

- 8. An electrostatic inaging process ingguding t he steps '
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CLAIMS

A polymer blend of at 1least two distinct polymer
components, the blend being characterized in that in a
40% non-volatile mixture. with a hydrocarbon 1liquid
toner carrier, it has, on a semi-logarithmic viscosity
vs. temperature cooling curve, a break-point at a
temperature below about 65°C at a viscosity of bewteen

about 3 x 10° centipoises and about 5 x 10° centipoises.

A polymer blend according to claim 1, wherein at least
one of said at least two distinct polymer components
does not have, in a 40% non-volatile mixture with a
hydrocarbon liquid toner carrier, on a semi-logarithmic
viscosity vs. temperature cooling curve, a break-point
at a temperature below about 65°C at a viécosity of
between about 3 x 10° centipoises and about 5 x 10°

centipoises.

A polymer blend according to claim 1, wherein at least
two of said at least two distinct polymer components do
not have, in a 40% non-volatile mixture with a
hydrocarbon liguid toner carrier, on a semi-logarithmic
viscosity vs. temperature cooling curve, a break-point
at a temperature below about 65°C at a viscosity of

between about 3 x 10° centipoises and about 5 x 10°

" centipoises.

A polymer blend according to claim 1 or claim 2 wherein
said blend substantially comprises only two distinct

polymer components.
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surface to an internediate transfer nenber; and t r aREPEAGEMENT BHEET

i mge fromthe intermediate transfer menber to tﬁg_ii_—T-‘““—*—~—~
substrate. I Iﬂj VT
- 14 - _ L ow s
. 5. A polymer blend according to any one of the previous

claims wherein one of said polymer components is an
ionomer derived from ethylene/methacrylic acid
copolymers and another of said polymer components is an

ethylene/vinyl acetate/acid terpolymer.

6. A polymer blend according to any of the previous claims
wherein one of said polymers is present in a range of
about 25%-80% and the other of said polymers is present
in a range of 20% to 75% by weight.

7. A liquid toner for use in imaging processes which
comprises pigmented toner particles, at least one
charge director and a hydrocarbon liquid toner carrier,
wherein the polymer comprised in said particles is a

blend according to any of the preceding claims.

8. An electrostatic imaging process including the steps
of:

forming an electrostatic inmage on an imaging
surface;
developing the image with the liquid tonér ac-
cording tb claim 7 to form a developed liquid
tbner image; and
transferring the developed liquid toner image to

a final substrate.

9. An electrostatic imaging process according to claim 8
wherein the step of transferring includes the steps of:
transferring the developed image from the imaging

surface to an intermediate transfer member; and
transferring the image from the intermediate

transfer member to the final substrate.
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