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WA TE~·BAS~_D :PI(!·M~N]EP IN~~:JIA VIttG SJL.If.~N-~<:;,QfttAl~~G 
tOLYMER INCORPORA ttD.TffER,iN 
.. ... . . ··., •' . . . . . ... , ... • . -

ifield of tbe Invention 

This invention relates to inks -having silicone-containin.$~lyrners as 

additives therein. 

:Background of the Invention 

Pigmented inks for ink jet applicatiqps:h~ve to meet sever-1 stringent 

requirements. For ~ample, particle size has to.be very- small and particle size 

distribution has to be narrow in order to avoid Rigment settling and no~eipluggihg. 

The ·4ispersion has •to have good stability -~gainst;~gglomeration in ;order tQ.:{lvoid 

nozzle plugging an~ to have good sl\elfJife-. The,ink h11s to have:good.th.~al 

15 stab,lity. particularly for application in th~al ink jet ,printer~ in order,,to-.avoid 

"kogalion... The ink ·~as to have good film formiflg property i~· order to'iJmve good 

smear resistance and Jo avoid "mudctacking" problems. The vi~sity of the ink 

has to be in the right range (typically. between 1.2 and 10 centipoise and preferably 

between 1.2 and S centipoise) in orpef to have correct je,tting properties,i~1,4ch as ink 

20 drop velocity. drop mass. and refill·~i~e. Other ;properties such as surfa,.ce1tension, 

drying rate. anti-biological growth, color gam!Jt and coJor density are also very 

important. 

Among the above mentioned requirements. dispersion stability. anti­

kogation. ~d anti-mudcrackiJJg are the toughest challenges for ink form4lators. 

25 Pigment dispersions are thermodynamically unstable. ~he sµspended 

pigment particles tend to agglomerate due to attractive van der Waals (ore~. Since 

ink jet printers make use of:very sm~I jet nozzles (on the order of lesuhan about 

80 micrometers) to provide high resolution images, the resulting pigment 

agglomeration has a tendency to plug the printer heads. Additionally, in the case of 

30 thermal ink jet systems, such inks also suffer from the tendency of materials to settle 

onto. and coat, the heating elements of the printer heads. This causes a r"4uced 
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thermal efficiency of the p_r:int head which results in the formation of smaller ink 

droplets and lower image quality. This effect is cominonJyrereired to as 

"kogation". 

To overcome the problems described above, ~ispersants are typically 

5 employed to adsorb onto pigment surface to build a protective layer. (either 

electrostatically or stericly or a combination of both,) around each particle to 

counteract the attractive .forces. 

In one approach, as disclosed in U.S. Pat. Nos. 5,125,968 and 

4,959,661, the dispersanis are selected from surfactants which contain a hydrophilic 

10 portion as wen as a hydrophobic portion. 

)5 

In anoth~ approach, polymers having hydrophilic segments and 

hydrophobic segments have been used. Polymer dispersants having both random 

and block structures have been disclbsed. Examples of these approaches are 

described in U.S. Pat. No. 4,597, 794 and U.S. Pat. No. 5,0SS,698. 

Other attempts involving the use of polynieric dispersants have been 

made as well. For example, water-soluble polymers such as' styrene-acrylic acid 

c<>polymers, sulfonated poiyesters, and partfoulate polymer dispersions have also 

been considered, yet these have yielded only partial success~ In particular, such 

systems, although promising, have tended to produce non~uniform printed sriJid 

20 block images. The lack· of uniformity in the printed image, which becomes more 

pronounced with prolonged printing, is caused by incomplete coverage of the 

receptor surface in the image area. 

This problem, commonly referred to as ·"banding" results from 

progressively smaller projected ink drops over the course of a printing job. This 

25 effect is believed to be a result ofkogation. caused by deposition of thermal 

insulating materials on the heating elements within the printing cartridge. As a 

result, heat transfer efficiency into the ink is decreased. thereby reducing the ability 

to produce properly sized ink bubbles needed for the printing process. Even if the 

deposited material is thermally conductive, it may still change the nucleation 

30 behavior on the heater surface during heating which also may adversely affect the 

bubble formation. 
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The pr~blems associated with :kogatio~ ~ b;uiding can be reduced 

.or perhaps eliminated by proper selection of surfactants as dispersants. :How~et, 

·si~c~ surfact;Jpts typically have low,molec:ulanweights and therefore are nottfilm 

formers, mudcracking often occurs;in the printed image especially in the,·~n.d.:ar"Y 

5 color and 4-~oh:>r black areas. 

Summary of the Invention 

One aspect oft~isj~vention relates.to water~bilsedpigmented inks 

that can meet the stringent requireqients of inkjet printing applications •. J>~ipilarly 

I 0 thermal ink jet and other printing applications. 

JS 

Another aspect of the present inve'1tion relates Ito water-based 

pigmented inks in which a water soluble or water dispersible silicone-co~''i~'-~g 

;polymer is incorporated as an additive in order to improve ;the qµality of priill~d 

image by minimizing(the likelihood ofbanding-'and mudcra~king~problcm.s. 

"Water-based" refers to either water or water 811~ water Iajs¢jl>le 

. organic solvents. Nonlimiting examples of such organic solvents include al<::oh_ols. 

The inks of the present invention are contemplated for use in .a variety ofwilf~­

based carrier liquids. 

A water-based pigmented ink formulation can comprise a ·water 

20 soluble or water dispersible vinyl silicone polymer. 

Another aspect of the present invention relates .to-ink formul~tions. 

comprising a vinyl silicone graft or block copolymer with a silicone polym~r 

segment and a vinyl polymer segment. This block or graft copplymer is prepared· by 

the .free radical polymerizat;on of a mercapto functional silicone chain transfer agent 

25 and vinyl monomers. 

Another aspect of the present invention relates to ink formulations. 

comprising a copolymer which has pendant ,polysiloxane grafts on a backbone 

formed by the polymerization of ethylenically unsaturated monomers. 

A wide variety of pigments can be used in the present invention. 

30 including without limitation, various organic pigments and various inorganic 

pigments. 

-3-



W097/31984 PCT/US9'/09733 

A feature c:>f the invention is that the inks have general utility in 

printing. particularly iri'ink.jet printi~g applications; . · · 

The selection of water soluble silicone pol}'mer as an additive is 

based on several· considetiltions. There is some reason to -~lieve that silicone-based 

S polymers are less likely to cause kogation problem because 'the adhesion of these 

materials to the heater elements is probably relatively weak. compared to other 

polymeric materials. · · 

Secondly, Silicone-based polymm are usually more thermally stable 

so that· decomposition 'is less likely to occur when· the heater elements are ·intensely 

10 heated during the jetting. process. Thermal decomposition of polymeric materials 

can produce water insoluble fragments which may have a p~pensity to deposit onto 

the heater elements. 

Thirdly. the polymer additive· has a solution viscosity significantly 

lower than that of other p61ymers of equivalent molecular ~eight. This is also an 

15 important consideration because in order to achieve correct jetting properties such 

as ink drop veloCity. drop mass. ~nd refill rate, the ink has to maintain in the low 

viscosity range as mentioned preViously. 

Another potential advantage of using the polymer of the present 

invention is that this poiymer will leave a film on substrate with silicone-like surface 

20 characteristics which may help to reduce water sensitivity of the printed images. 

Further features and advantages wiU become apparent as 

embodiments of the invention are described. 

Embodiments of the Invention 

25 Ink Formulations 

Inks of the present invention comprise pigment, dispersant, 

surfactant, water-based li'quid carrier. silicone-containing polymeric additive. and a 

polyhydric alcohol such as diethylene glycol. 

The am(>Unt of pigment in the ink formulation ranges from about 0.1 

30 to about IS percent. and preferably from about 0.5 to aboot 8 percent by weight of 

the total ink composition. 
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_The am~unt of dispersant in the ink fotm41ation ranges ft6m about 

0.1 to-about 20 percent, and prderably-from •~out 0.2 to abol.lt8 percent~~Y weight 

of the-tot•l ink -.comppsition. 

The amount of surfactant in the ink formulation ranges ·ftoqa about 

5 '0.01 to about 6 percent. and preferably from ab9ut 0.1 to a\)out4 perceqt·by w~ght 

of the total ink composition. 

The amount of either water or water and wat~rimiscible organic 

solvent in the ink formulation.ranges' ftom about 20 to about 90 percent, :and 

_preferably from about 30 to about 80 percent by weight oftlie;total ink 

1 O .composition. 

The amount of silicone-containing pqlymer imthe ink formulation 

ranges from about 0.01 to about 8 percent, and preferably from about 0~02 tocabout 

4 .percent ;by weight of the total ink (}Omposition. 

The amount of polyhydric alcohol; in the ink iformulation rapges from 

15 about S to about 70 percent. -and, preferably from ~bout 10 .to ~bout 50 p~cent .by 

weight .of the total ink composition. 

Other additives can optionally be added to the i11k composition, such 

as biocides. chelating agents. pH modifiers, humectants. viscosity modifiers, and the 

like. according to practices known to those skilled in the art. 

20 Pigment 

_As stated above. _ink fonnulations can employ any of th~ v.no.~s 

organic pigments and any of the variqu$ inorganic pig111ents. 

Nonlimiting examples of black-pigments :inc~tJde carbon black such 

as Special Black 4, Special Black s .. Special 6, Special BJ~ck 4A, ·Color Bla~k 'FW 

25 200, :and Color Black FW2 pigments (all manufa~ured l?y Degussa Corporation of 

Ridgefield. NJ); Raven 1200 carbori black, Raven 1170 carbon black, Raven 3 500 

carbon black. and Raven 5750 carbon black ·pigments (all available from..(:9Jumbian 

Chemical Corp. of Atlanta, GA); Mogol L carbon black and Sterling NS carbpn 

black pigments (both available from Cabot Corp. of Boston, MA); and Carbon 

30 Black MA-100 pigment (available from Mitsubishi Kasei Corp. of Tokyo, Japan). 
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Nonlimiting examples of magenta pigments include Quindo Magenta 
" " 

RV-6828 Pigment Red ··122. Qtiindo Magenta R v;.(;33 l Pigment Red 122 

presscake. Quindo Recl'R-67llPV 19, and Quindo Magenta·RV-6843 Pigment 

Red 202 pigments- (all avaiJable ftom &Yer Corp. of Roek Hill, SC); and Sunfast 

S Magenta 122 and Sunfast Magenta 202 pigments (both aVailable ftom Sun 

Chemical Corp. of Cincinnati, OH). 

Nonlimiting examples of cyan pigments include Palomar Blue B- -

4810 PB 15:3. Palomar Blue B-4710 PB 15:1, arid Palomar Blue B-4900 pigments 

(all available from Bayer Corp.); and Sunfast Blue 15:3 pigment presscake 

10 (available ftom Sun Chemical); 

NonHmiting examples of yellow pigments include Fanchon Fast Y-

5700 PY 139 and Fanchon Fast Yellow Y-5688 C.I. Pigment Ye11ow 150 pigments 

(available from Bayer Corp.); Sunbrite Yellow 14 presscake and Spectra Pac 

YeHow 83 pigments (both available from Sun Chemical); and Jrgazin Yellow 2RL T 

JS PY I IO. Irgazin Yellow 2GLTN PY l09. lrgazin Yellow 2GLTE PY 109. and 

Irgazin Yellow 3RL TN PY 110 pigments (all available from Ciba Geigy of 

Newport. Delaware). 

20 

Dispersant 

Ink formulations of the present invention can employ ionic and 

nonionic dispersants. Nonlimiting example5 include Pluronic L62LF, Pluronic L31, 

Pluronic L92. and Pluronic F68-dispersants(all available from BASF Corp. of 

Parsippany, NJ); Antarox P-84 ·and Antarox P~ 104 dispersants (both available from 

Rhone-Poulenc of Cranbury, NJ); Poly-Tergent P-9E, Poly-Tergent-P-17D and 

25 Poly-Tergent 2AI dispersants (aJI available from Olin Chemicals ofStamford,-CT); 

Arnphoterge KJ-2 and Amphoterge J-2 dispersants (both available from Lonza of 

Fairlawn. NJ); Sokalan PA 30CL dispersant (available from BASF Corp.); 

Solsperse 27000 dispersant(available from Zeneca Colors of Wilmington, DE); 

Carbowax Polyethylene Glycol 400. Carbowax Polyethylene Glycol 600, Carbowax 

30 Polyethylene Glycol I 000. Carbowax Polyethylene Glycol 1450. and Carbowax 

Polyethylene Glycol 3350 dispersants (all available from Union Carbide Corp. of 
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Danbury, CT); and ~sol 44SN, Acusol 450, and A~~l480N disper~ts (all 

.available from Rohm and Haas of Philadelphia. PA). 

Also useful as ;a dispersant is a r:eaction :product of vitayl~actone 

and Bayer's aspartic ester, ring -opened with -amines followed by hydrolysis with a 

5 sodium hydroxide solution. 

10 

Surfactant 

Ink formulations of the present invention can employ ionic and 

nonionic surfactants. 

Nonlimiting.exarnples of ahionic surfactants include Aei:osol-OT 

surfactant (available from American Cyanamid of West Paterson, NJ); and Darvan 

No. I and Darvan No. 7 surfactants {both available from R. T. Vanderbilt Co. of 

Norwalk, CT). 

Nonlimitingexamples of nonionic surfactants4nclude Triton X-100, 

15 Triton X-102, Triton X-114, Triton N-101, and Triton CF-10surfactants (a.U 

available from Union Carbide Corp.); Surfynol CT-136, Surfynol I 04, Sq~ol 

465, and Surfynol TG surfactants (all available from Air Prod~cts and Cb~micals of 

AllentO\yn, PA) and Tergitol NP-8, Tergitol NP-9, and Tergitol NP-10 surf,ctants 

(all available from Union Carbide Chemicals and Plastics Co. ofDanbury.~,CT). 

20 

25 

Polymeric Additive 

The polymeric additive useful in:the'.present invention is a V,inyl 

silicone graft or block copolymer. 

Nonlimiting examples of silicone-.coft.taining copolymers useful in the 

present invention, and their methods of preparation. are vinyl silicone graft or block 

copolymers disclosed in U.S. Pat. No. 5,468,477 (Kumar et al.) and PCT Patent 

Publication WO 95/03776. 

Other examples of silicone-containing copolymer useful for.the 

30 present invention are copolymers having pendant polysiloxane grafts on a b,ackbone 

formed by the polymerization of ethylenically unsaturated monomers. The 
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copolymer comprises repeating·A. B, and C monomers which are disclosed in U.S. 

Pat. Nos. 4,981,902 (~itr~ et al.) and 4,981,903 (Gafbe efai.). The copolymer~ 
~ . . 

can optionally contain titiofomonomers such as diiclosed irt'U.S. Pat. No. 

4,972,037 (Gafbe et al.).· 

Desirably. the copolymer used in the fomiulliions of the present 

invention is either a gra~ or block copolymer and is represented by the following 

general formula. 

wherein Gs represent monovalent moieties which can independently be the same or 

different selected from the group consiSting of alkyl,· aryl, alkaryl, alkoxy, 

20 alkylamino, fluoroalkylJ hydrogen, and .;zSA; A represenis a vinyl polymeric · 

segment consisting ess~tially of polymerized free radicBJly polymerizable ·. 

monomer. and Z is a divalent linking group. Useful divalent linking groupsZ 

include but are not limited to the following: C1 to C10 alkylene, alkarylene. arylene, 

and alkoxyalkylene. Preferably, Z is selected from the group consisting of 

25 methylene and propylene for reasons of commercial availability. 

30 

06 represents monovalent moieties which can independently be the 

same or different seJected from the group consisting of alkyJ. aryl, alkaryl, alkoxy, 

alkylamino, fluoroalkyl, hydrogen, and -ZSA; 

G2 comprises A; 

G .. comprises A~ 

R1 represents monovalent moieties which can independently be the 
. ' 

same or different and are. selected from the group oonsisting: of alkyl, aryl, alkaryl, 

alkoxy, alkylamino. fluoroalkyl, hydrogen, and hydroxyl; Preferably, R1 represents 

monovalent moieties which can independently be the same or different selected 
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from the group consiSting ofC1-4 alkyl ~nd hydroxyl f($t,reasons-of commercial 

availabiJity. Most preferably, R1 is methyl. 

R2 can indepen~~ntly:be the same or different -an.d represen¢$ dival.,nt 

linking groups. Suitable divalent linking groups include but are not limited,to;the 

5 following: C1 to C1o alkylene, arylene,:alkarylen~ and alkoxyalkylene . .f>r~bly, 

R2 is selected from the group consisting ofC1.3 alkylene and\C1-C1oal~le~edue 

to ease of synthesis of the-compound. ,Most.pre(erably, R1 is selected!frofu~the 

group consisting of -CH2-. t ,3-propylene, and 

10 

15 

--CH 2~CH 2 CH 2-

R3 represents monovalent moi~ies which can independ~tJy be the 

same or different and ip-e selected from, the grou.p COP,sisting ofat~I. aryl, -1k~l. 

alkoxy, alkylamino,. fluoroalkyJ, hydroge.n, and hy9roxyl; Preferably, R3 rq>r~ts 

monovalent moieties which can independently be the same or d~fff;rent seleet~ 

from the group consisting of C '"" alkyl and hydroxyl for reasons of commerci1d 

availability. Most preferably. ;R_, is -methyl. 

20 Ra can independently be the same oulifferent and are divalent 

linking groups. Suitable divalent linking groups inclu~e but are not limited.to the 

foJlowing: C, to ·C 10 alkylene, arylene •. alkarylene and .aJkoxyaJkylene. Pr~ferably. 

R. is selected from the group consisting of C 1.3 alkylene and CrC 10 alka[yleile for 

reasons of ease of synthesis. Most preferably, ·It. is selected ·from the group 

25 consisting of -Clf2-. 1,3-propylene, :.Blld 

30 

xis an integer of0-3~ 
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integer ranging from abohi. 40 to about 270; 

q is ari irateger of0~3; 

wherein at least one of'the:following is true: 

q is an integer of at least l; 

x is an i~teger of at least I; 

Gs compri~es at least one -ZSA moiety; 

G, comprises at least one -ZSA moiety. 

PCT/US96/09733 

:;: 

As noted above. A is a vinyl polymeric segment formed from 

polymerized free radically polymerizable monomers. The selection of A is typica1ly . 

based upon the intended. ~ses of the composition, and the properties the copolymer 

must possess in order to accomplish its intended purpose~ ·If A comprises a block in 

15 the case of block copol}'iriers. a polymer having AB and ABA architeeture wi11 be 

obtained depending upon '.whether a mercapto functional group -SH is attached to 

one· or both terminal silic0n atoms of the mercapto functionill silicone compounds, 

respectively. The weight :ratio of vinyl polymer block or segment, to silicone 

segment of the copolymer can vary. The preferred copolymers are those wherein 

20 the weight ratio of vinyl polymer segment to silicone segment ranges from about .. 

98:2 to 40:60, in order that the copolymer possesses properties inherent to each of 

the different polymeric segment while retaining the overall ·polymer's solubility in 

low-viscosity silicone oiland/or low-boiling-point oil. 

Poly(dirnethylsiloxane)-g-poly(acrylate) polymers are preferred for 

25 use in this invention. These polymers are formed by grafting a 

poly(dimethylsiloxane) polymer with a poly( acrylate) polymer. The resulting 

polymer has the followi11g chemical structure: 

CH.~ CH3 
t I .· 

--(Si--0-)m --(Si--0-)n-- R 
I I . I 

30 CH.1 CH2 CH2 CH2--S--( CH2--er--) p-- . 

COOR•' 
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where 'R and R' are independently selected from the gf~~i> consisting of hydrogen 

and alkyl groups having from •bout 1 .to about 18 'C8rb016 atoms; wherem./n ranges 

from 9 to 49~ and wh~ p is a number ranging ftom ~ut 1 to about 191000. 

The poly(dimethylsilo~e) polym~ can •ve a Molecula:r ·We.ight 

5 (number average),ranging·from about 750 to about 20 .• ~00,,preferably:fO>m about 

3,000 to about 20,000. 

The poly(acrylat~) polymer-can b.e any polymer ·form~A from 

acrylic monomer(s) havjng from about 4 to .about 25 carbQn atoms, ~d J)>r~~bly 

from about 4 to about 15 ~rbon ato~s. Represeptative~~ples of monomers 

1 O that may be used .to form the.. vinyl polymeric s~gment represented herf:.i,. by A 

(hereafter "A monomers") are the tower to intermediate acrylic acid esters, or 

methacrylic acid esters of alkyl alcohoJs. Specific ~ample& of such ~lcobols. iIJclude 

methanol. ethanol. 1-propanol, 2-pr~panQl, 1-butanol, 1,l-4im~hyl ~~hanol, 

2-methyl-1 ~propanol. 1-penta,nol, 2-pentanol, 3-pentanol, 2-methyl-1-bu~~oJ, 

1 5 3-methyl-1-butariol, 2-hexanol, 3.-methyl-1-pentanoJ, 3-methyt .. 1-pentanot, 

cyclohex~nol, 2-ethyl-1-butanol. 3-heptanol, benzyl .. alcohol,· 2-octanol, 

6-methyl-1-heptanol, 2-ethyl-1-hexanol, 3,5-dimethyl-1-hexanol, 3,5,S-trimethyl-l­

hexanol, 1-decanol, and 1-dodeeanol, and the like. 1Preferably,(he alcohols have 

from 1 to 18 carbon atoms, and more preferably 1 to 12 carbon atoms, with the 

20 average number of carbon atoms.being about 4 to 18. Some small amount of 

copolymerizable styn;ne, vinyl.~ters. vinyl chloride, vinytidine chloride, 

acrylonitrile, methacrylonitrile, acryloxypropyl tri-methpxysilane, 

methacryloxypropyl tri-methoxysilane, other acryloyl monomers and -the like may be 

used. Such monomers are known in the art .nd many arj:i commercially avaOa,ble. 

25 Particularly preferred monomers include isooctyl(meth)a:crylate, isononyl 

· (meth)acrylate, 2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, i-pentyl 

(meth)acrylate, n-butyl (meth)acrylate, i-butyl (meth)acrylate, methyl 

(meth)acrylate, ethyl (meth)acrylate. t-butyl(meth)acrylate, tridecyl (meth)acrylate, 

stearyl (meth)acrylate, and the like and mixtures thereof with above defined 

30 monomers. 
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Repr~nt~tive examples of polar monomers useful as A monomers 

include hydrophilic unsaturated monomers of a cationiC, ·'anionic, norii~nic, or.· 

amphoteric nature which'~re polymerizable through radic8J polymerization. 

Examples of such polar monomers include acrylic. acid. methacrylic acid, itaconic 

S acid. vinyl acetic acid. acrylonitrile. fumaric acid, maleic acid, maleic anhydride, 

crotonic acid, acrylamide, vinyl pyridine, vinyl pyrrolidone, hydroxyethyl 

methacrylate, polyethylene glycol mono(meth)acryJate, 

N,N-dimethylaminoethyl(meth) acrylate, N,N-dimethyldiallyl ammonium chloride or 

bromide. vinyl sulfonic acid, p-styrene sulfonic acid, N,N-dim~thylacrylamide, 
10 N-t-butylacrylamide, methaccylonitrile, or salts thereof and the like. 

The polymeric additive contains from about 2 to about 60 weight 

percent of poly(dimethylsiloxane) ·graft moieties, and preferably from about s·to 

about 40 weight percent of the total polymer. The balance of the polymeric 

additive is the poly(acr)'late) polymer as the backbone of the graft polymer. 

15 The polymeric additive can have a molecular weight (number 

20 

average) ranging.from about 1,000 to about 1,000,000,' preferably from about 

1 o.ooo to about l00,000 and most preferably from about 20,000 to 30,000 ... 

The polymeric additive can have a polydispersity ranging from about 

1 to about 10 and preferably about 2 to 3. 

A variety of commercially available poly(dimethylsiloxaile)-g-

poly( acrylate) polymers are useful as polymeric additives of the present invention. 

Preferred among these commercially available polymers is a water soluble· silicone 

polymer, JM brand .. Silicones 'Plus' Polymer" poly(dimethylsiloxane)-g­

poly(acrylate). Product No. VS 80 commercially available from the Encapsulated 

25 Products business of Minnesota Mining and Manufacturing Company of St. Paul, 

MN. 

Usefulness of the Invention 

Use of selected polymeric additives in water-based pigmented ink 

30 formulations can reduce the likelihood that the inks will kogate and that the printed 

images on inkjet media will have mudcracking problems. 
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Ink formulations oft.he. present invention ~an be used on any $\litable 

inkjet media known to those skilled in the art. 

It has been found in the present•bwention thJt there are two major 

advantages in using water soluble silicone polymers such as poly(dimethylsiloxane)-
S g-poly(acrylate )s as additives in wat~-based pigmented inks for ink j"1, particularly 

thermal ink jet printing applications. 

Unexpectedly, particularly .for pigmented black ink, .the 

incorporation of poly( dimethylsiloxane)-g~poly(acrylate) significantly improves the 

uniformity of the printed image by significantly reducing the slight but yisi~le 

1 O banding problems. This in~~cates·~tiat the siJi.CQne polymer at ·l~st si_gQitican~~y 

reduces the likelihoo~ that the ink will kogate. . 

Further unexpectedly, the incorporation ofpoly,(dimethylsiloxane)-g­
poly(acrylate) into the ink:fonnulation signiti~ntly redu~es any inudcracking 

problem in the image area that is printed with 4-color black image and.also 

1 S sign.ticantly reduces banding pr!)blem in the imag~ area that is printed ·wit~ a sir)gle 

color black primary ink formulation. 

Further unexpectedly, u.se ofa water and water miscible or~anic 
solvent system. particularly those systems with polymer comprising a carboxy 

functional monomer partially neutralized with a volatile amine (such as ammonia) to 
20 enhance water solubility, provides images which are resistant to bleeding~aft~ 

solvent removal and during any re-wetting of the image. Inadvertent or:purposeful 

re-wetting ofthe image does not mar that image. 

The following examples·illustrate but do not· limit the invention. A 
JM brand Silicones "Plus" Polymer VS 80 from JM Comp~ny of St. Paul, ;MN is 

25 incorporated_in some of the following examples. This polymer·has a Mn molecular 

weight of about 26,000 with a 2.7 polydispersity; an acid.equivalent weight of946 

(946 g/mole -COOH); a glass transition temperature around 98°C. 
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Examples 

Es.ample 1 CSinile ~olor Black> 

A pigmented black ink was prepared according to the folloWing 

procedure: 

1. 5 .0 grams of a 40% solution of a dispersant was weighed 

into a 4 oz. (114 ml.) glass jar. The dispersant was made by treating the reaction 

product of vinyldimethyl azlactone and Bayer• s aspartic ester With Oc:tyl amine for 

10 ring opening foUowed by hydrolysis using sodium hydroxide solution. 

2. 20.0 grams of photographic grade diethylene glycol 

(obtained from Sigma Chemical Co .• St. Louis. MO) was added to the dispersant. 

3. 68.0 grams of de-ionized water was added to the above 

mixture. 

15 4. 1.0 gram of JM brand Silicones "Plus" Polymer VS;.80 (100.4 

solution in water) (3M Co., St. Paul, Mn) was added to the aquerius mixture. 

5. The mixture was mixed using gentle shaking until a 

homogeneous solution was obtained. 

6. 3.0 grams ofDegussa Special Black 4 (Degussa Corporation. 

20 Ridgefield. NJ) was added to the solution and mixed thoroughly by gentle shaking. 

7. 3.0 grams of Triton X~100 (Union Carbide Chemical and 

Plastics Company Inc, Danbury, CT)was added to the mixture. 

8. The resulting mixture was again thoroughly mixed by gentle 

shaking to avoid excess foam formation. At this point. the pH of the resulting 

25 mixture was measured and determined to be 9.03. 

9. The pigment was dispersed by using a model Xl..2020 

Sonicator made by Misonix Incorporated (Farmingdale. NY) for 3 minutes at a 

setting of 192 watts. 

10. The pH of the dispersion was measured at this point and 

30 determined to be 8.05; and the viscosity was measured using a Brookfield 

viscometer with UL adapter and determined to be 3.54 centipoise. 

-14-
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1). The dispersion was then centrifused using a Sorvall GLC-2B 

General Laboratoty~Cc::ntrifuge at 2800 rpm (dial reading) for 1 hour to remove 

large particles. 

The final ink thus p~ared was filled into a clean en)pty MP S l626A 

5 DeskJet cartridge and test printed ~sing a NovaJet printer .. Contjnuous printing was 

carried out to print 34 inches (863.6 mm) x 36 inches (914.4 mm) solid blocks onto 

JM Scotchprint™ Opaque Ink Jet Film (Product No. 8502) until the cartridge was 

empty. The ink printed continuously without ariy prot>I~ to produce a .uniform 

black image of excellent quality. No nozzle plugging was observed during the 

1 O entire printing process, no banding was visible on the printed ,im~ge, and the 

appearance of the color density remained the same from the begipning to the end of 

the solid printed blocks. 

15 

Example 2 (Single Color Blaekl 

Another black pigment ink was prepar~ using the following 

formulation according the method described below. 

Ingredient Amount {s;r1ms) 

I. Triton X-100 6.0 

2. Dispersantcu (50% solution) 8.0 

3. 3M VS-801
4!
1 (10% solution) 2.1 

4. De-ionized water 148.0 

5. Diethylene glycol'~> 30.0 

6. Degussa Special·Black 4 6.0 

20 (1) The dispersant was made by treating the reaction product of vinyldimethyl 
azlactone and Bayer's aspartic ester with octyl amine for ring opening followed 
by hydrolysis using sodium hydroxide solution. 

(2) 3M brand Silicones "Plus" Polymer VS-80 (10% solution in water) (3M Co., 
St. Paul, MN) 

25 (3) Obtained from Sigma Chemical Co .• St. Louis, MO. 
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The above mentioned components were premixed in a 16 oz. ( 455 

ml.) glass jar by gentle ~baking. The mixture was'diSpersed· by. using a model 

XL2020 Sonicator mad~ by Misonix Incorporated for 8 ~nutes at a setting of 165 

watts. The resulting di'spersion was·then eentrifuged using• Sorvall GLC-2B 

5 General Laboratory Centrifuge at 2800 rpm (dial reading) f'or I hour to remove 

large particles. 

10 

Example 3 <Yellow): A Coniparjson Example 
! . . .. 

A yelJow pigment ink was prepared using the following formulation 

according to the method of Example 2: 

Ingredi~nt Amount {grams) 

1. Triton X-100 · 1.0 

2. Dispersant"' (500.At solution) 4.0 
•' 

3. JM VS-sorz> (100.At solution) J.5 

4. De-ionized water 151.4 

5. Diethylene glycot<J> 37.0 

6. Bayer v;:..5688 Pigment Yellow 1 so<4> 6.0 

(4) Bayer Fanchon Fast Yellow Y-5688 C.I. Pigment Yellow 150.(Bayer 

15 Corporation, Rock :Hill, SC). · 

20 

The above mentioned components were preqlixed, dispersed, and 

centrifuged as described in Example 2 to produce a final yellow ink. 

Example 4 <Magenta) 

A magenta pigment ink was prepared using the following 

formulation according t<> the method ofExamp1e 2: 

-J&. 
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Ingredient Amoyn1 (gramll 

1 Triton X-100 6.0 
···:.-,.,.,). "'!:'_; .. • .. 

2. Oispersant11• (SOOlo solution) 3.0 

3. 3M VS-801'0 (100/o: solution) 2.0 

4. De-ionized water 146.2 
.. 

5. Diethylene glycotV> 35.8 

6. Bayer-RV-682& Pigment 'Re4· 122 <'> 7.0 

(5) Bayer Quindo Magenta RV-6828 Pigment Red-122:(8Jyer Corporatipn, Rock 
Hill. SC) 

The above mentioned components were ·pr¢mixed. dispersed, and 

centrifuged as described~in Example 2 to,:produce a final mage ... ta ink. 

Example 5 «Cyan> 

I 0 A cyan pigment ink was prepared using 1he following fonnulation according 

to the method of Example 2: 

Ingr~i!mt Amount {grams) 

1 Triton X-100 6.0 

2 Dispersant411 (500/o solution) 4.0 

3 3M VS-8012
) (10% solution) 2.0 

4 De-ionized water 146.0 

5 Diethylene glycol(~) 36.0 

6 Bayer B-4810 Pigment Blue-15:3<61 6.0 

(6) Bayer Palomar Blue B-4810 C.I. Pigment,Blue-15:3 (Bayer Corporation. Rock 
15 Hill. SC) 

The above mentioned components were premixed, dispersed. and 

centrifuged as described in Example 2 to produce a final cyan ink. 
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Example 6 <Yellow) 

A yellow'.pigment ink was prepared· using the following formulation 

5 according to the method: stated below: 
.· .... 

,;_ 

Ingredimil Amoynt !s.mm1} 

1. Dispersantm (500/o solution) 1.7 

2. De.ion,ized water 76.4 

'3. Diethy1ene g1ycolm 18.9 
. 

4. Bayer Y-5688 Pigment Yellow 15014
' 3.0 

The above mentioned components were premixed in an 8 oz. (228 

ml.) glass jar by gentle $baking. The mixture was dispersed by using a model 

I 0 XI...2020 Sonicator mad~ by Misonix Incorporated for 4 minutes at a setting of 165 

watts. The resulting dispersion was then centrifuged using a SofV8]1 GLC-2B 

General Laboratory Centrifuge at 2800 rpm (dial reading) for 1 hour to remove 

large particles. 

15 Inks from Example 2 to Examp1e 6 were fiJJed into clean. empty HP 

DeskJet S 1626A cartridges. They were then grouped into two separate sets of inks, 

·each set consisting of fe>ur colors, and print tested using a test pattern which 

generated 0.5 inches (12.7mm) stripes ofboth primary and secondary colors in the 

following order: yellow,. magenta, cyan, red, ~reen., blue, 4-color black, single color 

20 black. Color stripes were printed onto JM Scotchprint™ Opaque Ink Jet Film 

25 

(Product No. 8502). These two sets of inks are shown below: 

Ink set number one: 

-18-
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5 

Ink set ·number two: Example 2 {Black) 

Exarilpi6 .g (Y~llow) 
-Example 4 (Magenta) 

Example 5 (Cyan) 

The appearance of the ·sepondary color stripes generated by these 

two sets of inks was significantly different. Ink set·number:one had severe 

mudcracking problems in all the secondary color stripes: ·red, green, and 4-color 

JO black. aJJ of which use yellow to some.extent. ·B.Jue also1howed some 

mudcracking. It is presently uncertain why blue also showed mudcracking. Ink set 

number two showed no mudcracking in· blue ,and 4-color black stripes, 'but there 

·was still some slight 1111udcracking intred and~gteen which :was only visible when 

viewed within a short distance. This:is:an acceptable result for the invention. 

15 Comparison Example 3 showed that. for the ·particular yellow pigment, Fanchon 

Fast Yellow Y-5688 CJ. Pigment Yellow 150, that the presence of polymeric 
additive in the ink formulation was not required. However, other yellow pigments 
may require the presence of the polymeric additive used in the present irwention. 

20 Example 7 (Single Color Black) 
· ... 

A black pigment ink was prepared using the foHowing formulation 
according to the method described below: 

-19-
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Ingredient AmQynt (gram&} 

1. Triton X-100 . 3.0 . 

2. Amphoterge KJ 2<7> 2.0 

3. JM VS-so<2> (100/o solution) · 1.0 

4. De~ionized water 73.0 

S. Ethylene glycoi<1> 18.0 

6. Degussa Special Black 4 3.0 

(7) Obtained from Lonza Inc,~ Fair Lawn, NJ 
(8) Obtained from Fisher Scientific Company, Fair Lawn, NJ. 

The above mentioned components were premixed in an 8 oz. 

(227ml.) glass jar by gentle shaking; The mixture was dispersed by using a model 

XL2020 Sonicator made by Misonix Incorporated for 4 minutes at a setting of 165 

watts. The resulting dispersion was then centrifuged using a Sor\ralJ GLC-2B 

General Laboratory Centrifuge at 2800 rpm (dial reading) for 1 hour to remove 

10 large particles. 

Example 8 (Magenta) 

A magenta pigment ink was prepared using the following 

15 ·formulation according to the method of Example 7:· 

Ingredimit Amount (gram&) 

1. Triton X-100 3.0 

2. Amphoterge KJ 2'7> 2.0 

3. 3M VS-80121 (100/o solution) 1.0 

4. De-ionized water 72.6 

5. Ethylene glycol181 17.9 

6. Bayer RV-6828 Pigment Red-122 ()> 3.5 

-20-
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The above mentioned components were premixed, dispersed, and 

centrifuged as described in Example 7 to produce a ,final magen'a ink. 
. . . ·. ~-

Example 9 f Cyanl 

A cyan pigment ink was prepared using the!following formulation 

according to the method of Example 7: 

Ingredient Amount (grams). · 

1. Triton X-100 3.0 

2. Amphoterge KJ 2171 2.0 

3. 3M VS-80'21 
( l 0% solution) 1.0 

4. De-ionized water 73.0 

5. Ethylene glycot<•> ~18.0 

6. Bayer B-48 lO'Pigment Blue-15 :3161 3.0 

The. above mentioned components were premixed, dispers~. and 
centrifuged: as described in Example 7 to produce a final cyan ink. 

Examole 1 O <Single Color Black), A Comparison Examp.le 

A black pigment· ink was prepared using the fo,llowing form.µJation 
according to the method of Example 7: 

Ingredient Amoynl (gtams} 

1. Triton X-100 3.0 

2. Amphoterge KJ T71 "2.0 

3. De-ionized water 74.0 

4. Ethylene glycol181 18.0 

5. Degussa Special Black 4 3.0 
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The above mentioned eomponents were premixed. di~perse~ and 

centrifuged as described in Example 7 to produce a final black ink 

Example 11 (Yellow), A Comparison Example 

A yellow pigment ink was prepared using the following formulation 

according to the method of Example 7: 

Ingredient Amount (gr1m§) 

1. Amphoterge KJ 2m 2.0 

3. De-ionized water 76.4 

4. Ethylene glycot<•> 18.6 

5. Bayer Y-5688 Pigment Yellow 1 5014> 3.25 

The above mentioned components were premixed, dispersed, and 

centrifuged as described in Example 7 to produce a final yellow ink 

Examole 12 (Magenta). A Comoarison Example 

A magenta pigment ink was prepared using the following 

formulation according to the method of Example 7: 

1nKredient Amoynt (gr1ms) 

I. Triton X-100 3.0 

2. Amphoterge KJ 2'11 2.0 

3. De-ionized water 73.6 

5. Ethylene glycotuo 17.9 

6. Bayer RV-6828 Pigment Red-122 1'
1 3.5 

-22-
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The above mentioned components were premi~~. dispersed, and 

centrifuged as described in Ex~mple 7 to produce a final magenta ink. 

Example 13 <(;yanl A Comparison Example 

A cyan pigment ink was pr~ared using-:lhe following formulation 

according to the.methodofExample 7: 

Jngrmi~nt Amount (gc1msl 

]. Triton X-100 3.0 

2. Amphoterge KJ 2(7> 2.0 

3. De-ionized water 74.0 
; 

5. Ethylene glycol18> UJ.O 

6. Bayer B-4810 Pigment ·Blue-IS :316
> 3.0 

10 The above mentioned components were premixed. dispersed; and 

centrifuged as described in .Example 7 to produce a finaJ cyan .ink. 

Inks from Example 7".to Example 13 were filled into clean empty HP 

Desklet 5 l 626A cartridges. They were then .grouped .into two separate sets of inks, 

15 each set consisting of four colors. and· print tested using a test pattern which 

generated 0.5 inches (12.7 mm)·stripes of both primary and secondary c6Jors in the 

following order: yel1ow. magenta, cyan, red, green. blue, 4-color black, .i.-,bfack. 

Color stripes were printed onto JM ScotchprintTM Opaque Ink Jet1Film (Product 

No. 8502). These two sets of inks are shown··below: 

20 

Ink set number three: 

25 
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Ink set number four: 

Companson Examples 

Example 10 (Black) 

Example 11 (Yellow) 

Example 12 (Magenta) 

Example 13 (Cyan) 
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Test res.JI~~ Showed a significant difference in the appearance of the 

4-coJor black stripes generated by these two sets of inks.. Ink set number three, 

including polymeric ad~itives of the present invention in black. magenta, and cyan, 

printed a uniform 4-colot black stripe free of any mudcracking. whereas ink set 

10 numb.er four having no polymeric additives of the present invention in any of the 
. . .. 

four colors showed pronounced mudcracking in the 4-color black stripe. Both blue 

stripes (a secondary color based on a mixture of cyan and magenta) printed with the 

two sets of inks were free of mudcracking; however, the green stripes and the red 

stripes (secondary colors based on a mixture including yellow) of both sets showed 

l S some mudcracking which was visible when viewed at a short distance. 

Mudcracking seen only at .a short distance is an acceptable result. 

From the examples, one skilled in the art will recognize that 

polymeric additive of the present invention is a benefit for cyan-, magenta-, and 

black-pigmented inks and can be a benefit for yellow-pigmented inks depending on 

20 the particular yellow pigment employed~ The cumulative benefit of the polymeric 

additive used in the present invention can be best seen in those secondary colors 

requiring a mixture of any two of cyan-, magenta-, or black-pigmented inks. One 

cannot supply all of the polymeric additive used in the present invention through 

only one or two of the pigments to minimize mudcracking in secondary colors 

25 because too much of the polymeric additive will effectively clog the inkjet delivery 

systems through which the ink formulations pass because the ink viscosity will be 

too high to allow efficient ink drop formation during the printing process. 

Moreover, use of the polymeric additive in the present invention 

minimizes banding. particularly in tests involving single color black primary color. 

30 Use of the polymeric additive in ink formulations of the present invention minimizes 

a progressive lowering of the projected drop volumes which could otherwise result 

-24~ 
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in either banding or an undesired decrease in ·reflective optical density. ~!K> use of 

polymeric additive .in ink formulations of the present invention can minimize a 

progr~sive decrease in drop velocity of inkjet inks. w11i6h could otherwise .. result in 

an undesired misdirection of ink drops toward the media. 

The .invention is ·not limited to the embodiments described above. 

The claims follow. 
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What is claimed is: I lllllll lfllll 1111111111 II 1111 
* C_ L M S * 

1. A water-based pigmented ink formulation comprising: a 

water soluble or water dispersible vinyl silicone polymer. ~ 

2. The formulation of Claim l. wherein the vinyl silicone 

polymer is a block copolymer having vinyl polymer segments and silicone polymer 

segments. 

3. The formulation of Claim 1. wherein the vinyl silicone 

polymer is a graft copolymer having a vinyl polymer backbone and silicone polymer 

grafts. 

4. The formulation of Claim I. wherein the vinyl silicone 

15 polymer is a graft copolymer having a silicone polymer backbone and vinyl polymer 

grafts. 

20 

25 

5. The formulation of Claim 1. wherein the formulation further 

comprises pigment. dispersant, surfactant. and a water-based carrier liquid. 

6. The formulation of Claim 5. wherein the vinyl silicone 

polymer comprises from about 0.01 to about 8 percent by weight of the total ink 

formulation. 

7. The formulation of Claims. wherein the vinyl silicone 

polymer comprises from about 0.02 to about 4 percent by weight of the total ink 

formulation. 

8. The formulation of Claim 4. wherein the vinyl silicone 

30 polymer has the following formula: 

-26-
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wherein G5 represent monovalent moieties which can independently 

be the same or different selected from.the group consisting.of alkyl, aryl,.-~karyl, 

alkoxy, alkylamino. tluoroalkyl, hydrogen. and -ZSA; A repr,esents a vinyl 

lo polymeric segment consisting essential1y of polymerized free oidically po.lyiperizable 

monomer. and Z is a divalent linking group; 

15 

20 

25 

G6 'represents monovalent moieties which can independently be the 

same or different selected from the group consisting of alkyl. aryl. alkaryl, alkoxy, 

alkylamino, tluoroalkyl, hydrogen, and -ZSA; 

G2 comprises A; 

G.a comprises A; 

R1 represents monovalent moieties which candndepende;ttly-be the 

same or different and are 'selected from the group consisting of alkyl, aryl • .a)karyl, 

alkoxy, alkylamino. fluoroalkyl. hydrogen. and·.hydroxyl; 

Rican independently be the same or different:and represents divalent 

linking groups; 

R.~ represents monovalent moieties which can independently be the 

same or different and are selected from the group consisting.of alkyl, aryl, alkaryl, 

alkoxy. ·alkylamino, fluoroalkyl. ~hydrogen, and hydroxyl; 

linking groups; 

R., can independently b~ the same or different and are divalent 

x1s an'integer of0-3; 

y is an integer of 5 or greater; 

q is an integer of 0-3; 

30 wherein at least one of the following is true: 

q is an integer of at least 1; 

x is an integer of at least l ; 

Gs comprises at least one -ZSA moiety~ 

-27-
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G, comprises at least one ~ZSA moiety. 

9. The formulation of Claim 8, wherein the vinyl silicone 

polymer comprises poly(dimethylsiloxane )-g-poly(acrylate) polymer. 

10. An ink. comprising: pigment. dispersant. surfactant, a water-

based carrier liquid, and silicone-containing polymeric additive, wherein the 

additive is a vinyl silicone polymer of formulations of Claims 1-9. 

11. The ink of Claim 10. wherein the vinyl silicone polymer 

comprises from about 0.01 to about 8 percent by weight of the total ink 

formulation. 

12. The ink of Claim 11, wherein the amount of pigment in the 

15 ink formulation ranges from aboutO. l .to about 15 percent, wherein the amount of 

dispersant in the ink formulation rangesfrom about 0.1 to about 20 percent, 

wherein the amount of surfactant in the ink formulation ranges from about 0.01 to 

about 6 percent, and wherein the amount of water in the ink formulation ranges 

from about 20 to about 90 percent of the total ink composition. 

20 

25 

13. The ink of Claim 12. further·cornprising a polyhydric alcohol. 

wherein the amount of polyhydric alcohol in the ink formulation ranges from about 

5 to about 70 percent by weight ofthe total ink composition. 

14. A method of using an ink of Claim 10, comprising the step of 

delivering the ink from a cartridge to inkjet media. 

111111111111111111111111111111 
* C L M S * 
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