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BRANCHED VINYL. RESIN FI ELD OF THE | NVENTI ON The present i nvention rel ates

to printing ink conpositions and umﬂ printing inks, especially

l'i thographic printing inks. The co mu"mmmnd met hods of the invention
enpl oy novigj ooyl resins that are prepawnsd using pol yfuncid-Qpsy,g@aoners,
particularly vinyl resins having | ow ngnber average nol ecul ar weights and
broad pol ydi spersities. BACKGROUND OF THE | NVENTI ON Printing inks generally
i nclude one or nore vehicles and one or nore colorants as principal
conponents. Printing ink vehicles nust neet a nunber of performance
brocess,  such as AnMHEEINEE ColPRAINE TR ANERG I RESI® PN | ages.
suitable length to avoid fly or mst, or proper drying characterlstlcs and
requi renent g4 eFerHE (NVERTRIN Nt ed image, such as gl oss, chenical

resi stance, durability) or color. In general, ink vehicles include one or

nore materials s ol é tiabliNk 86mes éﬂ%qpolyners
that contribute F?‘P%ge?éﬁg p@%hﬁg%tpsftgg‘seﬂ?gé an gnﬁgéﬁgﬁ‘?jg‘ ot 3

cormponent s ?gﬁé? @&gﬂégt acce)sBQEu‘ég;Pth 8\“5’;?] gn‘hhﬁ iy 3s:tnc?r{§d SO on

that may af cterTstics. r|n ng I'nks are

ot o or eso 2B IREPRAY of Ind i Aie AASTIRED VLIRS RIOSE RERat”! o1

|l etterpress I'ng, ogr exograp gravure
and ot her intagli cesses, sScree [ n nd i et di

printing. TH&M rﬂf’?g@rﬁg'%?'t ﬁ“8h°f"§f%fﬂaé§‘f%%y9‘[yh %ﬁﬁ&'le c}f’wt'ﬁ"g“g‘?rocess
used. For exanpl e) |nk use rin eratjons in which the ink 8
May 2003 JV@V%QQW %998 @zp&yaigpe%@sr nto contact with rubber
el ements, such as the bl ar_lrket of an offset |ithographic press, generally

i ncl ude as N vehicle only petroleumdistillate

fractions or other aliphatic solvents that will not adversely interact with
r ubber. Printing inks generally include one or more vehicles and one or more

colorants as principal components. Printing ink vehicles must meet a number
of performance requirements that include both requirements related to the
printing process, such as suitable consistency and tack for sharp, clean
images, suitable length to avoid fly or mist, or proper drying characteristics,
and requirements related to the printed image, such as gloss, chemical
resistance, durability, or color. In general, ink vehicles include one or mare
materials such as vegetable oils or fatty acids, resins, and polymers that
contribute to the end product properties, and may include other components
such as organic solvents, water, rheology modifiers, and so on that may affect
body, tack, or drying characteristics.

Printing inks are employed in a variety of printing processes. Printing
processes include letterpress printing, lithographic printing, flexographic
printing, gravure and other intaglio processes, screen printing, and ink-jet
digital printing. The ink compaosition is affected by the demands of the

process used. For example, inks used in printing operations in which the ink
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In lithographic printing) an inked printing plate contacts arfiMay20@3 ers an
i nked i mage to a rubber bl anket, and then the bl anket contacts and
transfers the inage to the surface being printed. Lithographic plates are
produced by treating the image areas of the plate with an ol eophilic
mat eri al ayglog@ageér i Ng that the non-i mage areas are hydrophetrmsodsis
typical lithographic printing process)“the plate cylinder first cones in
contact with danpening rollers that transfer an aqueous fountain sol ution
to the hydr 4 Co - | -1 o) I ey pl.ate then
&m%me@ intg %Ph{éﬁ%tﬁ rgﬁtﬁenrgé?ﬁw%ﬁts“ s8kh-as'HE q‘i‘%}g}ég I%E%B rﬂfﬁgpﬁ

contacts an'i ng roller, acce he 1Thk only 1n i mge
. Th t t ti I i th inti, t
Mnsure t hat Mg eeBuEe ety Gtoq 88 g sPRRH! Bhroras e KembR e
i ntai ned t hat ft. ' h to th inti but ly th
orint ng-areaeiegn dials Gedions et at5habaabiens BEMY ndadStrned

print. The industry has | ong sought an offset printing process and

associ at ed Wﬁqfé?ti"éﬁ/f!;“{bﬁﬁb woul d not require a separate fountain solution. -
Water | ess pl ates have been nade by applying to the non-image area a

si | i cone rubber ,Indithegrapic paintiegyan dnkeslipfiating plete gpntacts ard transfeet t ed by
the ink. The silicone-nodified plates are expensive, however, and require
expensi ve, andpkad anbge doch adbper bfanket)i ame theb ethaublankdtecdmacts aad sol uti on
of the traditional two-fluid nethod .al so serves as a coolant. Qther efforts
have been dirassfesdthicoiniiged us itivg sarfatd Peing |pdinted. i tLGOGRPRAIC platds ate €. ) an

i nk that does not 8 May 2003 VO 00l 32706 PCTI US99/ 28182 3 require a

separ at e f ogwidated B9!ttdatiRg thd fiRhge aredscofthechidie With AR didshtle Mmatedapar d
presses and all-netal plates. Parkinson, in U S. Patent No. 4,045,232 (the

entire disc I S | %edJfaC o] herei y rence)
descri bes I%ﬁ(ﬁ%ﬁi@h?%@?r‘rﬁ‘h r?gﬁgﬁﬁﬁéa?ﬁdeér %trg?f g?’%@gg‘lh?ect@dgt t3’E)§fra§duci ng a
si ngl e-f 1 ui i LGl de t O 3 i =fluld.i to be
nstabi c. AAPREEBAR G piateSt telfal BHRREE (st Soh ' i B ¢
glycerin angd_salts tend to tbhreak, " with the result that th | yeerin wets
Pha ki ng. fanpanbo Pl i BRSEEan Aebry® FRTHER o 33 P Bt o ove
single-fluid ink obtaine sing_an additive th i ncl udes a.resin
treated mﬁtﬂoﬁ“ﬁﬂﬁ%@ﬁFﬁéﬁégg§ﬁ r alhedpmpegad Plafs: 8ﬂ§PFVtha%5ﬂvﬁydric or
nonohycric al cohol. Preferred polyols are glycerin, ethylene glycol, and
propyi ene grafieb| acaspdagithe ink oply” in the wlegphilicpgpage awas.4, bisd P5ess (t he
entire disclosure of which is expressly incorporated herein by reference)
descri be a ppeémtarn@uishicontinually smanitemilies ipontiod pracess Imé@%medi{lab@@nd a

wat er - m sci bl e phase. The patentees allege that an emul sion containing a

si gni fi cant cpuwedtibatarcke afdhe fountdivo datutdh 89d thedinkniplrogintaineohas titabtiie aci d as
a critical conponent has inproved stability agai nst phase separation and
can be usedinksadhesen@ thef priritihgl archogbatpdnlg thalprinTihg abeasSaifitie pihte in
conposition further includes as a diluent and enul sion stabilizer an oil

W th the prgpRité prodate Mhalp, Wli-Afined dring! oils and a polyol enulsifier,
of which glycerin and ethylene glycol are the only exanpl es provided.

that  have pr evi oty § (RekpHEs RHBIRRGAE 8 ISPCRRITE Folo i bendiB " ny ™
poor def | ni {1.00; 409nLCRLIR AL FaflieE 4SS SRR SR Hardasd
plates have been made by applying to the non-image area a silicone rubber,
which has a very low surface energy and is not wetted by the ink. The
silicone-modified plates are expensive, however, and require expensive,
specially-cooled press equipment because the fountain solution of the

traditional two-fluid method also serves as a coolant. Other efforts have been

directed to producing a single-fluid lithographic ink, i.e., an ink that does not



8 May 2003 WO 00l 32706 4 PCT/ US99/ 28182 to be a dual-fluid |i8Magr2apsi c ink
that includes an ink conponent and a _ separate fountain sol ution
cOnponent . Applicants have now di scovered that particul ar conpositions that
i nclude a pol yol phase dispersed or enulsified in a vinyl resin vehicle
phase . overcones these problens in a single-fluid Iithogrggﬂjﬁ”iﬁzra Yet
anot her prYdP¥Yoserved in printing prsocesses, especially 1 gh speed
presses such as web-offset |ithographic presses, is what has been terned
"ink msting." Ink msting coomonly refers to ink droplets that becone

ai rbor ne duréquet hesqparatei fogntairo sefdionf dhategamybee uaed twith fptes midustrer e t he
rotating inked rollers separate. Wien two inked rollers are in contact, as
they are fogtahtigrd peesdeananer ali-metdlf pltesor i Parkigson, il B Fata@ Ran resul t
in the formation of ink filanments that may break to produce ink droplets.
Wien t he dr gpl4gtasbEse eRtile?diSQhsItE dTRHcH idExpraE8RaoorpdisteRr RhtbRpy By be

termed "ink slinging." The high speed of the presses and the nodification

of ink prop?éf&.ieﬁeaf Ueefifls AhHEh! BiRRe ShaPeBRRF SorfIRCHAREE e

probl em of m sting or slinging. e m st can be annoyl ng an

cont am nat i o) ) ' . 1 811 antially
create envi ?%ﬁﬁ%ﬁgﬁ%ﬁ@ﬁﬁ@dé@@%fﬂ?% gbré .tﬂ%‘ﬁ%aféé{cg&f\%g{bé%g@ﬁt@ksof i nk

m sting for ticul i can_b £ i ned by conpar.ing the.inks on an

i nkonet er, gﬁﬁ% 6%3#“]?6)%51 egﬁl@?ﬁoq Bgfeﬁﬁﬁag\r"g]c"éﬂﬁ'ﬂ%‘? R?ﬁ?ﬂ"&ﬂ%%@@%ﬂwiave been
suggested foy reducing m sti Lor slingi in inks., -For exanple, different
Sat ves nabEee R raSsead 10; Riaeke vl Mk rese 3t Hie vGe R Heb e
surfactants, or an additive that is an organic acid phosphate, glycerol, or
propyl ene cHisgnsellers Jreventing pead i inkings. Ragkinsgp . sugasstsoen 78wrowddor essl y

i ncorporated herein by reference. It has al so been 8 May 2003 NO 001 32706
5 PCT/ US99/ s8gkflyid inkudbinisgdthyatsinghas additiventhat in¢ludesya resim fredigdavithi st i ng
when the ink is less extendible or elastic. Applicants have di scovered that
printing i nkescamentptady iherahacel, and)ydptioasiins aopolytneric nore manohydrios e
surprisingly high resistance to m sting and slinging on high speed presses.
A further pakgbhein Plefdrrdibpolipels are ghesrit ssthdeheoglycok ant ipadpylevsd glgeolvi nyl
copol ymer vehi cl es has been objectionabl e odor due to residual nononer.

Ripley et apDeBaht,UrSetRatin MG, Pafeal .Nbl1l4 08%F1gsghe enfirotRelbau@doher ei n by
reference) disclose a styrene-acrylic copolyner in a | ow sol vency

hydr ocar bonyhh @ éidrBQW #RBSorRiddMérBmh b@'fef_e?élﬁ:&?@?&dﬂ@eé dridtiAg linkhear

pol ymer having a wei ght average nol ecul ar” wei ght of up to about™ 50,000 in

an essenti ajja é@%h%lk@g'&dﬁ%%g%ﬂegﬂéyfBhgfé;aiggé?rg{riééb!%”p%@- raoe of

390- 595F. e authors report sentia ete conversion of the

U b f . i h
oot - GRS, et RGP L SRR Sl 1
RSN IS SN ¥l T N T K I

patent exhibit high tacks and have unacceptable m sting and slinging. Wile
tack may be'mmﬁgétaﬂ“ﬂ%aaﬂ'ﬂﬁww sepgratin and gan haysed 3ad siegedlist “causes
an unacceptabl e reduction in ink body that introduces other problens in
printing théthographipinki cEe Beramodis conppsidioafuitimsrinsledepaseedienhat may
be used to obtain vinyl polyners that have substantially no residual
nmononer andand @msdsjoarstabilizeama dir with tie poperiessotNat tdndiNd 7 kel diml
nonormer .

and a polyol emulsifier, of which glycerin and ethylene glycol are the only
examples provided.
Nonetheless, due to various drawbacks of the single-fluid lithographic

inks that have previously been proposed, including the limited stability and

poor definition and toning already mentioned, the industry standard continues
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i nvention provides a printing ink conposition conprising a solution of a
branched vinyl resin. The term"vinyl resin" when used in conjunction with -
the present invention includes polynmers prepared by chain reaction

pol ymerization, —or addition polymerization, through carbon-garhen Aeubl e ‘
bonds, usi WVH nononers such as acryic and nethacrylic nononers, vinyl
aromati ¢ nononers including styrene) and nononers conpatible with these. By
"branched vinyl resin" it is nmeant that, while the vinyl polyner is
branched, it théaet yatdyid ihapraphics érkuthal i8eludes aan K cemlpgbeet' and 2 s neant
that the polynmer can be diluted with one or nore solvents. (By contrast,

pol ymer s may segaratecfosintaik selufion compemdntbl e, t hr ee- di nensi onal net wor k
structures that are only be swelled by solvents.) The branched vinyl resins,
of the invention Appliqaats ddivy newadiscewdrati thiat yparticugi tcemplositiogsi fhiat ant
branchi ng The branched vinyl polynmers of the invention preferably include

at | east abomclda!eoé)%owpuéﬁeemsFerséerorléiﬂuliﬁamsn _@fvimm@@iﬁrvéhmlypﬁéééed, of .,
at | east one nononer having at |east two ethylenically unsaturated

pol ymer i zabl 6\,9@8&':%3%@&;)@8@?&5. iﬁl%()éih%@fﬁ%litﬁe?'ﬁabﬁlcqﬁks per 100 granms of

nmononer pol ymerized of each of two ethylenically unsaturated pol ymerizable
doubl o bonas,  The' Bt anciiel PRsHooBi@Ua i phRfing BRdkck26s PERKCRILAAR S, e
branched vi o o8 BroRS SR HE AR RAR nodtoBh8 e6005 SorBR heBey |
ol yst yrene DeahirE JoCansidG (BR BRI HORMSRY S 0 nk dispjetoBelro”
oor ~z~06 become airborne during the printing process, for example at the point where

the rotating inked rollers separate. When two inked rollers are in contact, as

they are for the ink transfer in offset printing, ink splitting can result in the

formation of ink filaments that may break to produce ink droplets. When the

droplets become larger or more like threads, the problem may be termed “ink

slinging." The high speed of the presses and the maodification of ink

properties to print on such high speed presses exacerbate the problem of

misting or slinging. While the mist can be annoying and cause contamination

at low levels, higher amounts of misting can potentially create environmental

and/or safety problems. The relative amounts of ink misting for particular inks

can be determined by comparing the inks on an inkometer, employing

) standard testing procedures.
Various methods have been suggested for reducing misting or slinging
in inks. For example, different additives have been proposed, including
kaolin, anionic or cationic surfactants, or an additive that is an organic acid

phosphate, glycerol, or propylene carbonate, as described in U.S. Pat. No.

5 5,000,787, expressly incorporated herein by reference. It has also been



The invention al so provides a nethod of nmaking an i nk conposi&@Mayn2093 h t he
branched vinyl resin. The nethod conprises the steps of: (a) preparing a
branched vinyl resin by polynerizing a nonomer m xture that includes at

| east one nononer having at | east about two ethylenically unsaturated

pol ymer i zaﬁ&gwgq{}‘]kds per nolecule in the presence of a freepdpdisnkis:
initiator has a half-life of |less than3about two ninutes, wherein said

pol ymeri zation results in |l ess than about 0.5%residual nononer based on

the total wei of .t he noner s i,ng polynerized, and (b). conbining said
br anched vi RoPRiaSt shalinke 26 Tode fkeihdo B, i inoalien, tid ik & 1884 nci ng

i nk, wherein the branched vinyl resinis in solution in the printing ink In
anot her asp&xtergible geelaglicant i on, the vinyl-based printing ink i s nodified
by the addition of another vehicle resin. The invention further provides a
met hod of pol yneApplicagtahdvediseevsred that pristinginks enpleying dnsnavalividyl y no
nmononmer remai ns unpol yneri zed. The invention al so provides a nethod of
printing usiregins hef thenjnyentiororwvef surpesinglye highoresistaice do nmiséing oarsd

i ncluding the branched vinyl vehicle of the invention have unexpectedly

i nproved m Hingiggancigh spedngepsesperti es. The inks using the branched vinyl
pol ymer have reduced tack at higher viscosities relative to conparabl e inks

made wi th |inear avuRtiiér groblefrethat Ahs ek entbenteradefar inks thadinelage iitgl amount
of msting and slinging and 'inproves the tack/body bal ance as conpared to

what woul d %gsgygg;tv@ﬂidé%rhg ﬁééﬁ%%écﬂbﬁaﬁlerd‘ﬂﬂr%&dtd"fésmdél MonoAfeH cl es

that woul d prov body by increasihg tack or nonvolatile content or both.
| oor poratl gl i, 1 S e Ak S5 SlechobRYRIbl Hhrgn ey 2003
that | nel uade TR L SRS, ) B R SRR oY 1 A SofBprbved
o S Sbator Skt MO e AR Ak
ot S e ol S S SR g 5
invention include a vinyl polyner that is branched but usefully soluble. By
"sol ubl e i tessgniipdlyAliphatie: hyidrecaslery selvertdhabloilg in (e spanger ¢f 390-595°F.

While the authors report “essentially complete conversion of the monomers,”

it has been found that copolymers prepared according to the instructions of

the Ripley patent typically had objectionable odor due fto incomplete

conversion of the monomers, as even low levels of residual monomers may

cause odor problems. In addition, the polymers of the Ripley patent exhibit

high tacks and have unacceptable misting and slinging. While tack may be

lowered with additional solvent, the additional solvent causes an

unacceptable reduction in ink body that introduces other problems in printing

the ink.

Applicants have discovered an improved process that may be used to

obtain vinyl polymers that have substantially no residual monomer and,

consequently, are free of odor associated with residual monomer.



one or nore solvents. (By contrast, polynmers nmay be crossli nk€MayA093 g
May 2003 WD 001 32706 PC TNS99/ 28182 8 i nsol ubl e, three-di nensi onal network
structures that nmay only be swelled by solvents.) The branched vi nyl

pol ymers of the invention may be diluted by addition of solvent) as

cont r ast edowostropol ymers crosslinked ipto an insol ubl e, threFasoesisi onal
network that are instead swollen by sofvent. The preferred polyners of the
invention are significantly branched. The branching may be acconplished by
at least two nethods. In a figgf PAE T QERMIGNt h two or nore

pol yneri zabl e doubl e bonds i zation reactlon In a
second met hod, %al r of ethy] enical l% Esat urated nononers, fcﬂl f whi ch
has in additi on!#o MVRRILPLAYIEER A BTG |Cé)ng)(9ﬁ[§logt(>0p@g§pgoq1éolg £l 8nal

functionaljty reactive with the_ additiona f’%dlonallt on. it he ot her
monorer, aP@NFRRY ViR gt Thecter nme resif xy ‘?’é” ng&ﬂrv Y"Q'&H‘e Pegsdr abl y,
t he reactl on of the additjonal functjonal oups tak pl ace during. the

pol yner i zatWenioneaeitsien po'ﬁF‘FFﬁ)HEﬂ’aﬁd E’Vi“é‘aﬂ'bfe%g‘é‘h p&@"@(‘???%‘alor |"’de8
formati on of a polyner according to the invention and the reaction of t he
addi ti onal P9 lfﬁ@ﬁ"’ra@ﬂ‘al thepugh rarbagycaseon dpyhie pogds: g vigy! PoRImeR GUFY agef or e
or after polynerization. A variety of suchagalrs of nmut alla/ reactive
groups ar edgHlicsan @‘eﬂchﬂ(ﬂ‘gtm%’quse)(‘a)ﬁ'p?@@ f 'g‘ﬂﬂﬂ‘i"edél"l‘ uging SRS \?é‘dgroups

include, without limtation) epoxide and c rbox gr.oups, am ne and

car boxyl gwauwgefse%maae'%@ 'Qﬁ?%@ygrbém?é‘ é’ﬂlﬁ(}/‘?f dig "é‘?ﬁwm“lt'd@h'ﬁrtaﬁps)
am ne and an ydr| de rou dr ox and car boxy y e QuUpSs,

o e and MBYPobkNG S S "OB‘F‘\PI’?\"'&?]ée‘T‘?'HF b sl i a%ug(? g

or ganoal koxysi | ane and car box anat e and dro rou S)
cyclic carB6A% Bakthe polymer C%‘ B%pfﬁ'“&ldslﬂ’gﬁ & Ay catfi Y%‘tﬁr@pg B

on. Specific exanpl es of su mnone clude, wi.thout lim¢tation

ol yci dyl (RAYRSRCPN B8 efwltf%eﬁ iR Sy, Hresfpeniipnd RESHEERUPe
acrylam des (which react with 20 3 0l 32706. 9 PCT/ US99/ 28 ( 82
t hensel ves‘)‘reSBE'M ge syslled by cﬁ&/‘f‘?@ﬁﬂ& QFegra&\é\% gfesins 3 ot the Shvertion
gamanet h al koxysi | ane (whjch thltself)) and

conbi nat i o‘l‘@g’@ﬁ‘ét?@)ﬂeta‘f‘ﬁo I PSR O WE?WgLffé’\é\%'f‘Pptl on of this invention,
the term"(nmeth)acrylate” will be used to refer to both the acrylate and
the nethacrylate esters and the term"(neth)acrylic" will be used to refer
to both the acrylic and the rret hacrylic conpounds. Preferably) the vinyl
resin of the invention is i/rrerl zed using at feast one nononer having two
or nore pol ynerrﬁ%mfé“@l%iylv &l ealvgensnahtir doventigshassfembly getudecal ar |l y
preferably fromtwo to about four polynerizable ethylenically unsaturated
bonds. 111 lesst abouled. 8RB eghivelents, pesridiegearael mpromerqrolyroedest bf aeni cal |y
unsaturated noieties include, without limtation, (neth)acrylate esters of
pol yol s suldashsofig4-rhot@anedi bhvidg ( ratt hipast y hed e)etﬁylérhieal%edhsﬂturated

di (nmeth)acryl ate, neopentyl glycol di(neth)acrylate, trinethylol propane
tri (met h) apolyhrtigableetidrRizedhyt Mlastieiborn®. 084 refuiRidnta ey | fiegrams of
pentaerythritol tetra(nmeth)acrylate, dipentaerythritol penta(meth)acrylate,

di pent aery fynbhilr pﬁ%‘?’érﬁ%ﬁmf@arcbi'o?ttﬁlo &hbdnfifly gldéﬁ@rat@b( nt?ér%bbél ates and

pol yal kyl ene gl ycol “di (neth)acryl ates, such as ethy ene dl
di (net h) ac cr i coI
di (et h) acm ah%rst r }éﬁ%ﬁéﬁﬂéﬁ'&@%%@# &aafnd te %’@? #’Kyl ene
gl ycol di( cr di vi ny| benze th crylate, diall
oht hal at e, Hﬁv@%%W%?eﬁﬁﬁqtefﬁapa%@ywaﬁaeﬁ*ﬂévw%'Lv & APy U Er Vshar i ons
of two or nore. these, di w%l benzene, butyl ene gl ycol dinet hacryl at e,
but anedi ol "lﬂl‘?fgé‘{arfé!!‘?'wta@f@ arearbpalydEnsrghanks 2 preferef smbodiRent, t
pentaerythritol tetraacrylate are highly preferred, and divinyl benzene IS
still norebrangheq viswkfesin elthe ingenion 2893 polydispersity of at least about 15,

as determined by gel permeation chromatagraphy calibrated with polystyrene

standards according to well-known methods.



WO 001 32706 1~ PCT/ US99128182 Preferably, the branched vinyl 8hdaw2R03 i s

pol ynmeri zed using at | east about 0.008 equival ents per 10D grans of nononer
pol ynmeri zed of at |east one nononmer having at |east two ethylenically
unsat urated pol yneri zabl e bonds, or 0.004 equival ents per 100 grans of
nononer pol ynerized of each . of two nonomers having nutual l .ve
groups i nveddBtioéen to an et hyl enical |l y;unsaturated pol yrrer'l"fyzi%gg%‘gg#d.
Preferably, the branched vinyl polyner is polynerized using from about
0.012 to about 0.08 equivalents, and nore preferably fromabout 0.016 to

about 0. 064 equrneaheiitidnRitso piNidaEs alfmeModBINAMERg Eﬁ'imérinﬁ@éitid?f with €ne
pol yfuncti onal nmononer or nononers having at |east two ethylenically

unsat ur at egtapHed Ryl 22l hdpRERdonisbditheldds gif nonomers having one
pol ymeri zati on bong and one additional nmutually reactive group. The

pol yfunctional @&pPNOMREpARIng"® BAIRAED Rirf RIsRDby paRwRrkigm eohr fnfiliure
et hyl enically unsaturated polynerizable bonds) and nore preferably two

et hyl eni cal 'y unsat upat @tiRekY BEMNEZtbbRe DRBASMed hating afMheskt MBHduti twd S
preferred for the branched vinyl resin to be prepared by polynerizing a

m xture of mononers di@nitdlg! LeiRturhte@mpabautizdbic> ohds 3R UinoR¥ule "R the

preferably fromabout 1.2%to about 6% yet nore preferably from about 1.2%

to about 4% and eVaﬂeMcé P&l @bl hitiady AR Uthal-iRYot BsS BRIt abdu RI6
di vi nyl benzene based on the total weight of the nononers pol ynerized.

(Corrmer cial gr ades Qﬁindie!,i Wﬁbﬁﬁﬂgﬁa%dlﬁﬁérﬁdﬁ‘om’?&ﬂﬂ& Wﬁs@s%é’r‘u aBhGY @59non
functional material. The anpbunt of the comrercial material needed to

provi de the indi cat adsiB@sCGREAGEIAShABEI ord theC Bl Waigietof ther mEnaats Seimy/o bY
wei ght of a material that is 80% by wei ght divinylbenzene |20% nono 8 May

2003 YO 00132706 ~ IhoRfahdrid@84ndB182 functional nononmers woul d provide 4% by
wei ght of the divinyl benzene fraction.) The opti num anmount of (1)

di vi nyl benzene (gf Ot da{bidiiy 948 briAirHed Virg! rds@afith hvRaBObNEBihkZ Atdial to
ethylenically unsaturated bond or (2) pair of nononers having polynerizable

group and addi ti _0na|formtﬁﬁﬁlirgd’mk,aﬁﬁéﬂemhglb%ﬁed binf rasin 14 MCIoNstRM ih hd he
pol yneri zati on m xture depends to sone extent upon the particular reaction

conditions, such as gdagng @ke of addition of nonomers daring pol ynmerizati on,
t he sol vency of the polyner being formed in the reaction nedi um chosen, the
anmount of nNDNONEA SiInbBkAbEyER:L 0 tHh@vedtRA! trevingdiased plifittghiak fis hidd@ieafbyt he

initiator chosen at the reaction tenperature and the amount of initiator by
wei ght of tthe aaiionesrSancitied veheld eesiet Ehndnimedtifty fsthieal @biidley wamdtiodssdi ng.
polymerizing a branched vinyl resin in which substantially no monomer remains

unpolymenzed. The invention also provides a method of printing using the

compositions of the invention.

Ink formulations including the branched vinyl vehicle bf the invention
have unexpectedly improved misting and slinging properties. The inks using
the branched vinyl polymer have reduced tack at higher viscosities relative to
comparable inks made with linear vinyl polymer vehicles. The invention
reduces the amount of misting and slingfng and improves the tack/body
balance as compared to what would be expected for previous inks formulated
with vinyl vehicles that would provide body by increasing tack or nonvolatile

content or both. Incorporation of the branched vinyl vehicles of the invention



Gt her nononers that may be pol ynerized along with the pol yfuBdday2003
nmonomers include, without Iimtation, a,[err]-ethylenically unsaturated
monocar boxyl i c acids containing 3 to 5 carbon atonms such as acrylic)

met hacrylic, and crotonic acids and the esters of those acids; .
a, pethylenically unsaturated di carboxylic acids containing 4 to 6 carbon
atons and t he anhydri des, nvnoesters, and diesters of those acids; vinyl
esters, vinyl ethers, vinyl ketones, and aromatic or heterocyclic aliphatic
vi nyl conmpounds. Representative exanp|es of suitable esters of acrylic,
met hacrylic, and crotonic acids include, wthout |imtation, those esters
fromreaction with saturated aliphatic and cycl oali phatic al cohol s

cont ai ni ng intotiok Zompmsitions alsntends e herdain rarnpynt, ofeelastic. charegpr to theopr opyl |
n-butyl, isobutyl, tertbutyl) 2-ethyl hexyl, lauryl, stearyl, cyclohexyl,

t ri met hyl cymitso ivehigh )in trabmalkeyseoisibenefidial &t ade propestidst o&tdws inkarttiai sobonyl
acryl ates, nethacryl ates, 8 May 2003 wo oor~z~a6 12 rc~rnms99ns~8z . and
cr ot onat es;inckidk [Bié )lﬂb&féﬂe@nﬁngﬂ Y6I9mer Wthat ingentish tavd anpidvat asib-off
Represent ati ve exanpl es of other ethylenically unsaturated pol ynerizable
MONOMErS | Ry esW thout limtation) such conpounds as fumaric, malefic)
and itaconic anhydrides, nonoesters, and diesters with alcohols such as

met hanol ) et Nan@inaify BRARRS or RO RIVARRGE cbnbi#iAB the braRABLARM cafflsh t Tt
np of pol nono

but anol . Representative exanpl es ymer 1 zati on vi nyl mers 1 ncl ude,

ithout |irg LON, h [ t i i t
iyt et herliafiR. oS Wiy ABTBRNERG B! ¥ horSI3uR i, pliftlla B! BBEL an
vinyl ethyl. ketone. Re resent?tive exgﬁgh s of arom%tic or heterocyclic
al i phat i ¢ JiYRAUORJHAH geopsly g@playe OOf ARG PIRHNI RIQEFSEBrpounds as

styrene, a-nethyl styrene, vinyl toluene, tert-butyl styrene, and 2-vinyl
pyrrol i done. The sel ection onéﬁﬂﬂdﬂlﬁEﬁEﬂﬁﬁﬂagﬁh the basis of various
factors conmmonly considered in making ink varnishes, including the desired
gl ass transiti o hecimpeofthe evantion lreclutis arviayl gidlymerbihiat isybrahcihéd bubsul ti ng
polymer in the solvent or solvent systemof the ink conposition. The
preferred uisefllysolybier Syragiubk" i isaacad that thel poymenvanbe aitaledtwitthni ques,
preferably free radical polynerization in a sem -batch process. For
instance, tdwe BPNABRY SolvieRts | 3By CokraftNbolilecNaldy beagek8inkagdeimto my be
fed at a controlled rate into a'suitable heated reactor charged with
solvent in a sem -batch process. Typical free radical sources are organic
per oxi des, including dial kyl peroxides, such as di-tert-butyl peroxide and
di cunyl peroxi de, peroxyesters) such as tert-butyl peroxy 2-ethyl hexanoate
and tert- butyl peroxy pival ate; peroxy carbonates and peroxydi carbonates,
such as tent-butyl peroxy isopropyl carbonate, di-2-ethyl hexyl

per oxydi carbonat e and di cycl ohexyl peroxydi carbonate; diacyl peroxides,
such as di benzoyl peroxide



8 May 2003 VO 00/32706 1' CT/US991 28182 - |13 and dil auroyl perédayl@f03

hydr oper oxi des, such as cunene hydroperoxi de and tent-butyl hydroperoxide;
ket one peroxi des) such as cycl ohexanone peroxi de and net hyli sobutyl ketone -
per oxi de; and peroxyketats, such as 1, 1-bis(tertbutyl

per oxy) -3 &o%oéfﬁé"ﬂ hyl cycl ohexane and 1, 1-bis(tert-butyl ReFRISYHINSIS2

cycl ohexane; as well as azo conpounds duch as

2,2' -azobi s(2met hyl butanenitrile), 2,2'-azobis(2-nethyl)propionitrile, and
1, 1" azobi s(cycl ohexanecarbonjtrile Organi c peroxi des are preferred.

Parti cul ar | yasoiubietheag-digengionabie O”béP’H S‘r‘r?g it osy oplyr b swelled byai n
transfer agents nmay al so be used in the polynerization. Typical chain
transfer agesetventse Ther rapehed viawt polyaess 1of | thadpventioa may beodilutethby dodecy!|
mercaptan, thiosalicylic acid, nercaptocarboxylic acids such as

mer capt oacetadditiaoiof salvéntras mptra@ted pritinpelyarsirsl censdlinkedi intoeam éss|ublan d

nmer capt oet hanol ; hal ogenat ed conpounds; and di neric al pha-nethyl styrene.
Preferably, tireealiaensionamebeorkdbatdreiisstead Iswadidn by sabeat.oThedoefeand ot her
known drawbacks. The particular initiator and anount of initiator used

depends upomolynidre ot tidpivBntich bResigaifisantys kidrchgd] Mheraathingstapbas t he
reaction tenperature, the anount and type of solvent (in the case of a

sol ution polawg,hr,zatl gﬁ)at lémm@h{etﬁéése FPnfa 1% rdthdd, aatt?ubnoﬁi%‘i'wﬁﬁ thg- The

addi ti on pol yner Is usually carried out in so ution at tenperatures

];nr)?(ran SPg?grén %out @60 iéar%m i%ggblﬁgr efer %&&I%M&ZOOC
Femer at ur e "4 *oﬁsﬁﬁ o thetolr's AR STk Thei e RO shou o

be chosen so fe a he.r act on te t ferably no
nore t han at?@lﬁ "If'ﬁﬁh?é@%'béﬁ %Hﬁlﬂé{me}flzgﬁgf% 9°ﬂgp PHS% about
five 8 May 2003 C,\/O C)C]@gZ?OG 14 PC (YUS99128182 mi nutes, yet nor e
preferably r?é’dl‘r'ﬁf‘é' funstenaliyuteactive withuthesadditieqal dunciianality, am é‘P‘? Sthesr e

initiators having a half-life of |ess than about one mnute at a

t enper at ur e MAANAMeM aolncladet o theowrorrwoe. mixtyendeing pelywedzed.he
branchi ng nmononer can be included when the initiator half life is shorter
andl or when Rrefegabliy,i the aeastion of dbe additiheaMiungtionsb lgyotns takés plass dafing he
invention preferably have little yr no residual {unreacted) nononer
content. | n tharpdlyabdzatioh heeactioy,| aliedugh dhisaise npt efeenabb ycitidastiantheal | 'y
free of residual nononer, i.e., have | ess than about 0.5% residual nonomer)
and even mrf@rnﬁdti%hedsfablpbwrﬁérsab&tﬁamgbwth&ua/e%msarﬂuaie FEUUBBR rof e wei ght ,
based on the total weight of the nononers being polynerized. In a

sem - bat ch pi{a@nal fnblodBRPOESs AN HeichhRdCbut §afﬂ§n1ﬁer Whdlthefore or

pol yneri zation reactor over a period of tinme, preferably at  a constant
rate. Typic p&g; and add
times of frgérﬁeg 0 tr%rgg%ﬁ'to l)r%uf F%@éﬂ gﬁ#s fi?%g%@b%h";%g  add times
typically produ I nunber a efage ecul ar nber

aver age ol dRTFHE ‘*}‘%ﬁa&*’%ﬁ%ﬁg‘ &8 ABdels 0, MR SurhB Ao o
sol vent to no, u5| r sol vent fo he result| n

ol yar ' GRGR Utatiort pRXREA GARgR Py e SBino g FRVERT GRURSS a 1 ow
nunber average nol ecul ar wei ght and a broad poI ydi spersity. The nunber
aver age nol ceRgxigdle @ard gamingn gramsisgrepaxida Agd ehdiden drowpghemite andi ny |
resin according to the invention can be determ ned by gel perneation

chr omat ogr apmhydedengropips yistdgoxyth and carimegytier, anthidabe grasipsy amindhbed ficid up to s

. mllion weight average nol ecul ar wei ght, according to well-accepted
met hods. Pol ghibritlecgroupy, dlleylahad-imieel add dahisoxyhigraupsf ofdahbalidoxydilana gadef er r ed

enbodi nent, the vinyl polynmer has a nunber average nol ecul ar wei ght {M) of
at | east carboxyl groups, isocyanate and hydroxyl groups, cyclic carbonate and amine
groups, isocyanate and amine groups, and so on. Specific examples of such

monomers  include, without fimitation, glycidyl (meth)acrylate with

(meth)acrylic acid, N-alkoxymethylated acrylamides (which react with



8 May 2003 JVO 001 32706 PCT/ US99I Z8182 15 about 1000) and nor8eMpy @0@F abl y
at | east about 2000. The nunber average nol ecular weight is also preferably
| ess than about 15,000, nore preferably |ess than about 10,000, and even
nore preferably | ess than about 8500. A preferred range for M is from
about 1OOOWB%§%8&H 10,000, a nore preferred range for M ipgTiUsosn@BDUL
2000 to about 0, and an even nore pre®ferred range is from about 4000 to
about 8000. The wei ght average nol ecul ar wei ght should be at | east about

30, 000, preferably at |egast about .100,000. .The i ght average nol ecul ar
wel ght (M perEseesder S8y ¢ sRIORESAIET) Hhednenorodmee
determ nation using an avail abl e standard having 6 mllion weight average
nol ecul ar W@MQW‘RXW‘@F‘@?‘Y%H"?aWEC'FoFe"’PﬁWi‘g'”frttffﬁ"g]béﬂfj Sombo@tiess about 55
mllion) a nore preferred range for MWis from about 100,000 to about 1
mllion, andh%reeg i 1 In eoneeglionf withethea degeriptiors raf nthiso dnvention, oo temm about
300, 000. Resins having ultra-high nol ecul ar wei ght shoul ders (above about
45 mi | i on) y(méthcrdate” bl caesedip 1€ii)to doth fhecd@ylats 3ndhthei detiatryiateé he MWV
range of from about 100,000 to about 300, 000. The pol ydi spersity, or ratio
of MVI M, esters bad tive tevmeirasth)déhylid Qvill peafsedddlrgfetifo bath dheatryli®@hd The
pol ydi spersity is preferably at |east about 15, particularly preferably at

| east about thdmelterfilR) dompiapbsi ty preferably falls in the range of from
about 15 to about 9000, and nore preferably it falls in a range of from

about 50 to aboupgapably e Wﬂ?PFe%fri Sﬂhegh@éﬁiohriéﬂéweﬁﬁe& %gmggﬁégs% can be

adj usted according to thods wel [ -known 1 n the art through ection and

apPor t{ OnTe e ofohliel HATRACHY, ot P BB BB IRy uhbsuHigs” ot c

Tg i s above enperature, and pref Ica 'S at | east

about 60 O ,nore preferably,at |east out. 70 ho and

conposi ti onsbo&fis't ﬁggp‘?@‘g‘”%y péef%é%j"&gbﬁ’é“\‘}&"og‘? 3%’%%% P@K@?@ﬁ%ﬁw

i nvention preferably enploy vipyl pol rs having,a Tg of fromahout 50C to
about 125C, Siengl dntaoted Bindo WusiaRvE SXaBBISS d0PEONRE BIURS mor ¢
preferably fromabout 70C to about 90C. In one enbodi ment of the invention)
t he branchedWQi®fyMase sthenigally yasaturated nitoisties sinelydey wiBouh imitaliater resins
in the ink conposition. Exanples of suitable other resins that may be

conbi ned wi t(mettnachylade esteds gP pglyolsesyich astiddeidanggieldimeth)aervatei 4:6-

pol yester and al kyd resins, phenolic resins, rosins) cellulosics, and
derivati ves hExanediok diowth)asrytaiei meopdityl eglyqoheditshétbacndatendtimethyiali fi ed
rosi ns) hydrocarbon-nodified rosins) nmalefic nodified rosin) fumaric

modi fi ed r ogpropandhy dripeethjacrylatesi rtetrametityéolc heetreaney | tatragmeth)ayi/lategsi ns)

pol yam de resins, and so on. Such resins or polynmers may be included in
amount s of Usentaerpdeitd! Getpa(friesh Yavrvite g hdigentadepttititol  panta(igtiy@drglate, of t he
branched vinyl polynmer of the invention, based upon the nonvol atile weights

of the resingpedtBedifitbll RExA(QetEcRIADC BRGISHeNYlyche BimeM)ScriBlesObRgr resin
conponents, the ink conmpositions of the invention preferably include one or

nore sol ventqsoéﬁl]@@neorF@y&&eddﬁmgggrg&gtegf tgﬁlﬁhi nyent iewe'{éﬁepéyﬂched

Vi n%I OIresi n a so Ion olr a Pt sol ut’i OP hav: ng ‘no aph t I
sol vent s andARIRENGRE, o RN it JUReiRleey Bt fRne! @vifccost 1y
W th | ow KadRimBhTeRaRe iaR Eical NTBLISPOIEr Rl PHEPLI Bcsn

contact with rubber parts_ such as rubber rollers during the printing
process, suctimethlacrylale) givipihenzenec aliy, meghaspdate. Qﬁ"égph’iﬁ’@laﬁ%ed‘laﬂﬁber .
Suitabl e solvents for |ithographic inks or other inks that will contact
rubber part sterephithalate, \windhtbatlike, rsingly iconin onlsinationd of twharrirore. Of

these, divinylbenzene, butylene glycol dimethacrylate, butanediol
dimethacrylate, trimethylolpropane triacrylate, and pentaerythritol tetra-

acrylate are highly preferred, and divinylbenzene is still more highly preferred.



8 May 2003 CVO 00132706 1' PCT/US991 28182 hydrocarbons such a&Mag2088 eum
distillate fractions and normal and iso paraffinic solvents with limted
aromatic character. For exanple, petroleumniddle distillate fractions such
as those avail abl e under the tradenane Magi e Sot, available from Magi e

Bros. G @83}335% a subsidiary of Pennsyl vani a Refini ng Cop@ggyesnkisankl in .
Park, 1L, under tﬁe tradenanme ExxPrint,lGvail able from Exxon Chem cal Co.
Houst on, TX) and from Gol den Bear O| Specialties, Gldale, CA Tota
Petrol eum I nc.) nyer . and l,unet Lubricants Co., Indianapolis, 1N
may be- used. whi 1EINTERg e, ATROCHTAS VAo OO 1s (POBET B ST B fgeeh ¢ he
rubber parts which the ink contacts& solvents for gravure inks and

f 1 exogr aphi caboHt0-G88 eguivriantspes @0 gsage ArmeneaaT eolyaezed of at keaghdi ti on
or alternatively, soybean oil or other vegetable oils may be included in

t he i nk conporé tmengmen\hayving oat- lsryl twatestlylsbicaln uasaiyeited palymerizablee used,
it is generally necessary to include a sufficient anmount of at |east one
nmonomner havi bonds, ouBGEnequavalantsi pert Of gnamesl dfpatomes polyawetized of eacter t o
obtain the desired solvency of the branched vinyl polynmer. In general)
acrylic estesf woomsroniesi haviah hergallysireactiveagreups ihhadaitieah®) #tortion
of the ester or styrene or alkylated styrene, such as tent-butyl styrene,

may be i ncl ugpgienitalif @nBRuYATBE ipaRindRRBIERGNd. OPréfBiably) Yhé Bifichbd vityl
preferred enbodi nent; an ink conmposition with non-oxygenated sol vents

includes a b ' ; ' m@? ' r@@g r

i ncl udi ng at ﬁ?"gglsié'? ﬂsa%%ﬁryéz%%/qﬁb%?gﬁgra c?/lﬂ]‘ifg%‘i;% %@t@() ot u"?b%‘ﬁtg ! %A; and
nore preferap| 0 t % tes

1 phat i o sty PIeSreBREibmit & GRP bl Ehod SHBRARRTS b o baE % ¢
stearyl nethacrylate being a preferred such noner. It is als referred
Co el ude oot endines BlybeleR cEME REVAR fidnd aiSher armofeReihdita ey 5003
WO 001 32706 PCTI US991281 2_1% about 55%to about, 80% styrene, and npre
preferably febleaghbir esnignicallygsaturated; polyaicsizakie: bandsies: efatbeypaik af or

ot her nononmers may al so_be used to reduce solvent tolerance in aliphatic
sol vent, if ©oe8pAMegs hAVing @neepelgwsizatien Hpngdeiagdt ong sadsditiangb mutyally ot al
wei ght of the nonomer m xture polymnerized. Anong preferred nononer

conposi t i onsreastive/gropp. pol yners for |ithographic inks are those including a
(meth)acrylic ester of an al cohol having 8-20 carbon atons such as stearyl
met hacryl at e, st yTlempolyflinctioyal sorrener;, oamdnémethpeeferablyhaxeifcbm wo o
prefer-ed enbodi nent, a bunched vinyl for a lithographic printing ink is
made with frfyur aieuéniddlly wisateal polgderizatd® bonds abatiings® prefeedbly tl y about
25, weight percent of a (neth)acrylic ester of an al cohol having 8-20

carbon at Ometwwﬂﬁll@d%aﬁirﬁ&a@/ olfRidipabl BbRds.f r AMoaBOMbEe&mdnE af @& abl y
about 60) to about 80, preferably about 75, weight percent of a styrenic

nononer, espgfd i | {: N}y O L M4 ;

i cat ed abpuaah 45 e ERRRR, oy P e a W ho reflatt ) IFRERRS o ¢
preferably a 4 I e f acryli i r r veferably, of
met hacrylic ﬁﬁ#ﬁfe P{ wﬁé%%‘?egh%ggﬁ?@d?‘%gf udeacbao(’rq]?adcjfls‘g’- FOU%P ﬁ%ﬁf ﬁn'tc))?l%ner
such as acrylic acj met ha i cid, or erotonic acid, or an ydri de
rononer suchPieRRlvdtert by e Soulssbort BoRyeleRbl romaoaly T2
hydrated after polynerization to generate acid groups. It is preferred for
the br anched!Q/PROUE % Ferevan mev pasferstly MORbEPOW! 14t feaBetbddath 3 my
KOH per gram nonvol atile, and preferably an acid nunber of fromabout 6 to
about 30 ny divikgieneengriasedoan dhat fotal, waight rafr thepmehomglss yolymeriged.- nunber
of from about 8 to about 25 ng KOH per gram nonvol atil e, based upon the
nonvol ati | e (®omhtercél gizdesiofydivinglbgneene inclidéaynaddddndtionab add/d0 Gon-

PCT/ US99I1 28182 19 When used to formnulate the preferred i nk conpositions of

the inventi ofunctibesiematsral.shgheOambaht ©f eheat8minaptiaR matedd| eAéddedippRr ent .
solutions in the solvent package. The particul ar anobunt and type of sol vent

or mxture Obrie/fifat ﬁd@b@d@?&%@ﬁtaﬁgg%%%é we.luafedl ”f‘%@%ﬁﬁlb} S%.”l?y For

exanpl e) gravure i nk conpositions | oy solvents having a boil’lng

boi i ng. poi nis, A 2 mARHA Rt 5 o, Bk "SRR AT BRESL 1

wi |l have a boiling point of at |east about 100C and preferably not nore

t han about 550C. News inks usually are fornmulated with fromabout 20 to
about 85 percent by weight of solvents such as mneral oils, vegetable
oils, and high boiling petroleumdistillates. For |ithographic inks,
typically the solvent content is up to 60% which may include oils as part
of the solvent package. Usually, at |east about 35% solvent is present in

| i thographic ink. Waterborne inks nmay al so be fornul ated using the branched

Y . - N o .



pi gnents. The nunber and ki nds of pignments will depend upon t&#dyi20030f i nk
being formul ated. News ink conpositions typically will include only one or
only a few pignents, such as carbon black, while gravure inks may include a
nore conplicated pignent package and nmay be formulated in many col ors,

i ncl udi ng th special effects such as pearfescence g@?ﬁ iC

ef fect. ?ﬁo"g’éé’ﬁ?\y ic printing inks areltypically used in fgggmco OIHSZ --
nmagent a, yeI | ow, bl ack, and cyan, and may be formul ated for pearl escence or
metallic effect. 8 May 2003 wo oor~Z~06 rcrius99nsi $z 20 Any of the
custonary | M@ﬂ?'c"@ﬁ&"@fﬁéﬂﬂ“&d mrevidat4%rhy weight & the dwmylbﬁnzene
conpositions of the present invention. Alternatively, the conpositions of

t he inventi factiery) be used as overprint |acquers or varnishes. The overprint
Lacquers (air drying) or varnishes (curing) are intended to be transparent,
especi al |y cl ear The optibeinaatrioaht gf (1)edivinylbedzartaisr ofiequaomirgeretiivingar e not

i ncl uded. For purposes of this invention, an overprint |acquer or varnish
may be consiafidesst two lpolyingtizablel emyldmcauqnpmtmmn Moridher i 2y §alr @n t hat
has no opaque pignents. Lithographic ink conpositions according to the

i nventi on Mabridendr" RaViAG Sblythiefizabis Qgrf;)hﬁ' Bnd NK&ditienELN ndtdaf-teab@Re d

conti nuous phase that contains the branched vinyl vehicle and a pol yol

di sconti nuogﬁ)magﬁt tdrat mElQBé@' ﬁlsth@ ﬂ)c:),\g(%bﬁz&m&%xtu@%eg ?‘ﬁ eﬁyl

pol ymer phase i's relatively stab eto d the po yol ablllty

is such tha rin
applicati onteé@aFHé @@EE@\%@QF&% é%gﬁé Es)lﬁ%n {h%;{%g@{)ﬂgd% cones
to the surface ar e of at .are o receive
k. ks ¢ AogfE Shdd 8%%%*%@}& a?'xewtfg’%ﬁsg&z i it Bgnedfur at o on
the plate print cLﬁ?an out oni ng ﬁgd '}ér ovi de consi stent transfer

char act er i sth&®ac “gl‘& 6N i"“’af’%‘ upkof eRRATSEEvVe ke theseactian ar

aci d-functional vi nyI pol ymer and the particul ar polyol chosen. The acid
number and MsdikT Hie half- bétOfrffﬁ? "Hﬁat@djcﬁgﬁ%féiai S Feastige tempettuerang
stability. H gher acid nunber vinyl resins can be used in | ower anounts,

but the aci thenampunt afdnitiator by weight of theefnpnpmgrs. @ndanay be tdetariingd tyol yrer
will not be sufficiently soluble in the hydrocarbon solvent. In general, it
i s bel i eved straghtfarwarddéestage i n aci d nunber of the acid-functional vi nyI
resin should be 8 May 2003 VO 001 32706 PCT/ US99/ 28182 21 acconpani ed by a
decrease in the @twantmohomesh thasi mayncbedegsblymetizeel hudngpheith ctighase.

Pol yet hyl ene gl ycol oligomers such as diethylene glycol, triethylene

polyfunctional monomers include, without limitation, «,p-ethylenically
unsaturated monocarboxylic acids containing 3 to 5 carbon atoms such as
acrylic, methacrylic, and crotonic acids and the esters of those acids; «,f-
ethylenically unsaturated dicarboxylic acids containing 4 to 6 carbon atoms
and the anhydrides, monoesters, and diesters of those acids; vinyl esters,
vinyl ethers, vinyl ketones, and aromatic or heterocyclic aliphatic vinyl
compounds.  Representative examples of suitable esters of acrylic,
methacrylic, and crotonic acids include, without limitation, those esters from
reaction with saturated aliphatic and cycloaliphatic alcohols containing 1 to 20
carbon atoms, such as methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, tert-
butyl, 2-ethylhexyl, lauryl, stearyl, cyclohexyl, trimethylcyclohexyl,

tetrahydrofurfuryl, stearyl, sulfoethyl, and isobomyl acrylates, methacrylates,



glycol, and tetraethylene glycol, as well as ethylene glycol,8 MagRobé&ne

gl ycol) and di propyl ene glycol, are exanples of liquid polyols that are
preferred for the polyol phase of the single-fluid ink of the invention.
The pol yol phase may) of course, include m xtures of different liquid

pol yol s | ower acid nunber vinyl or acrylic poly, used

W th hi ghew(ﬂﬁ’%zjé(ﬁl ar wei ght pofyols. Ti® pol yol phase may |¢11§1:' 3%fsarther '
materials. A weak acid such as citric acid, tartaric acid, or tannic acid,
or a weak base such as triethanol anine, may be included in an anount of
from about oaqd ﬁi@i@ﬁteﬁaeﬁﬁ‘énPOWﬁ"ﬁY&fﬁbcﬁﬂcoi RETYiHES pand emethgcrylatesi nk
conposition. Certain salts such as magnesiumnitrate may be included in
amount s of f Reptesbolative. exampiesyiaf gibet ethylerjcallyo unsatutesdi potymerizablnt |
preferably fromabout 0.08 to about 1.5 weight percent, based on the weight.
of the ink cowposiets intludep withopt intitatioh, sheh pbatppuads asxfuematic] mealkicf e of
the plate. A wetting agent) such as pol yvinyl pyrol|lidone, may be added to

aid in wettiggdGfacbhie attfded;r aonaBstets, Oalfd \thetbis Aith CA1BGhJI® sabRUss 1. 5
wei ght percent of the polyvinylpyrollidone is included, based on the wei ght

of the Ink cRERRol,| ethandl, slopahbli Qo?iﬁf)ﬁnBﬁYb@@anr@Hﬂnﬁbﬁgl Virddh thfom about
5% to about 50% preferabl y from abou 0% to about 35% and particularly
preferably f 9 sed on
P toral WEIBQ * eg?ﬁrﬁa( |t%|9 oé)rfl 8BW &%Eomﬁgﬁmwomk%buﬁé

ess anot neans cbol i

Lirﬁéli.vl Eﬁﬁ w‘&“ﬁeﬁbﬂ"?%%‘%“eFﬁé%k‘“p%wé% AhL a§§*‘3t*~£ i fhitace, b ‘e,
Bon! ove goodel e ALt Vi1 %%ha%ﬂisxvf?wggﬁiié%@% E%T‘{Fﬁsgﬂ‘?lﬁg‘ly e ot o

bei ng used and may be determ ned by strai ghtforrnrard testin Up to about
4 or 5% by wkpigRe- em&%%}tath@ewplﬁaqjomamaﬁcm&%rpmhcw gé“‘?nVWhre to
aid in dissolving or honogeni zing the ingredients of the polyol phase. It
wi || be appreenpowtisonclude, wikidutdighitativnssuch tempodndsrasastyraney esmethgin i n
the art that may be included in the ink conpositions of the invention, so
| ong as suchstgehhid, i viag thiuened, &irgbityi Gayrehy, deidr 2etinfir pyardlidenbeneftid s of
the present invention. Illustrative exanples of these include) wthout

linmitation, peleEtidObNMEABRIERS S8 Hhade DAl thaChagis Sof Vidiols Tectaes abmmdw es)
enul sifying agents and di spersing agents, defoaners, antioxidants)

absorbers, diy@iigert8- .a makifg .ﬁ@rmﬂhﬁhé@nrncmmgaw @asﬁ/@&gﬂ@s@ ﬁaﬁ’étdlo?') flow

agents and of her rheol ogy nodifiers) gloss enhancers anti-settling
t Wh f at
oast about BrUGTIE G pnd HH dedife BRI o the tod Ml e AR BN EE i

of about 7% conposition. The vinyl vehicles of
the inventi Oﬁ?’sﬁ@ér@@&ﬁ%h g%% rﬂﬁ%%rﬂpﬂs'r(ﬁks for many di fferent types of
applications, i nchudl gegf ' thoEt imtati o heat s i nks, news f
gravure inks, she&h¥ BFTPred vinghgo F‘é@fﬁdﬁ‘% P PPRRIE: qyr%’@@s‘@gv??f'%ﬁ ch such
i nks are used are well-known in the art and are described in many
publ i cat i ons techRiuepy Breferaply; feee radical a@lweﬁyam% IF 3 S5 PRICtE PARGRSES. The
exanples are merely illustrative and do not in any way limt the scope of
t he i nventi offoainstaser theauonomers| initiatar(s)Arnd ay thaiy teansfer ageny meyi hght
unl ess ot henrvi se noted. Exanpl es

fed at a controlled rate into a suitable heated reactor charged with solvent in a

semi-batch pracess. Typical free radical sources are organic peroxides,
including dialkyl peroxides, such as di-tert-butyl peroxide and dicumyl
peroxide, peroxyesters, such as tert-butyl peroxy 2-ethylhexanoate and tert-
butyl peroxy pivalate; peroxy carbonates and peroxydicarbonates, such as
tert-butyl peroxy isopropyl carbonate, di-2-ethylhexyl peroxydicarbonate and

dicyclohexyl peroxydicarbonate; diacyl peroxides, such as dibenzoyl peroxide



8 May 2003 WD 001 32' 106 23 PCTI US99128182 Exanple 1. PreparaiMay 2803 Vi nyl
Varni sh According to the Invention An anmount of 44.19 parts by wei ght of
Total 220 (a petroleummddle distillate fraction available from Tot al
Petroleum inc.) is charged to a glass reactor equipped with stirrer,

ni trogen inl total reflux condenser, and nononer inl et ent is
heat ed tov%’@gg"ﬂ?th stirring under a hBanket of nitrogen. N Rn%%ﬁo%ggr& m xture
of 36.01 parts by weight styrene, '12.27 parts by wei ght stearyl

met hacryl ate, 2.62 parts by wei ght divinyl benzene, 1.89 parts by weight

net hacr yl i canslcdithureyd dpezoxide paydrepaspxides.giicht ap guieng dydsaperexigs apy |
carbonate (75% solution in mneral spirits) is added to the reactor over a
period of tthrtdatyldydepetdxide; kdienarpamxidesaduch asrcyclohexampinet erotid@3 part s
by wei ght of t-butyl peroxy isopropyl carbonate is added over a period of
fifteen m rardemetifisobutyipketane peroxiddiedrdi perok§Relalsposuam aadtli tbisite- t wo
hours to allow for conpl ete conversion of the nononer to polyner. The
measured anguglt SéroRPR3 BE-BimdtRylBRidIxat8VMInd S 1568s(téRDUBRT GRIR

conver si on, rreasgéed?’;?s NVM dislll ed by the percent og thedp’?ot al xv\)gi ght of
monorer s, | §clbflxdne; Thes agkdf ”é’sf’b%"zoorbo?l‘iﬁdﬂddg)” duehlZ2ad '@'Jﬁ%igg-agr am

The viscosity Is 30 Stokes (bubble tube, 54.4C). The sol vent tol nce is
230% and t poi By i 79 : Preparati op,of a

Vi n~rl Var %E%V%g%‘re&?ﬁfgé to tg‘te2 ?%%%ﬂ?i%{%thgﬁ%oﬁgﬁlebf 4%?' 92 pa{r]‘t1 s by

wei ght of Gol den Bear 8 (a petroleupmdd e distillate fractio

avai |l abl e f?zggls@ﬂcgg}?xéég ar&“‘?‘ﬁ'g%)eci al @f%ag\()iici spe%é@%%d qr% ap'i'eg%[ﬁ ‘on flask
equi pped with stirrer, nitrogen inlet, total reflux condenpser, and nononer
Clet . The BRiGURRY BrAferied fobr bityluareony faPens FrAgnaR. noRBRSANHeE: ur o of
33.86 parts by weight styrene) 12.6 parts by wei ght stearyl nethacryl ate,
3.1 parts LROSRS By atsdbe psed & gt\@aﬂ%qun@iloaarﬁvglosichals treasfep agentyo

00! 32T06 PCTI US99128182 24 wei ght di vi nyl benzene HP (80% di vi nyl benzene),
1.89 parts &g mereantantetsyalr §s iastyd cingreagtan, 2n-g9r gaftidodggylweiestaptan, but y|
peroxy isopropyl carbonate is added to the reaction flask over a period of
3 hours. Afthiesalidylic rasith meercapidcaibonrylicsadidsiptich es neereaptpacetic anjd wedght of
t-butyl peroxy isopropyl . carbonate is added to the flask over a period of

15 m nut es. mélvaptoprpgioaicudctd iand Itheid eaterd dadd huarcaptoettidnol; dalhehatedhours to
all ow for conplete conversion of the nononer to polyner. The neasured

amount of ngimpinalsi bRd RhéRE alphiYheth§l SthfdneTIRrefRaBIfNRO CRAM &FFishR,
nmeasured as the percent of the total weight of nononers converted to non

vol atile magdeh isSinkfibied. bEBSURCLH SUHIDSAA ORhELIKAbIWANdEAwtekE MThKOH per
gram The viscosity is 47 Stokes (bubble tube, 54.4C). The sol vent

Lo e | PR el SS R e M S0 ot i 1o

the person skilled in the art, such as the reaction temperature, the amount
and type of salvent (in the case of a solution polymerization), the half-life of
the initiator, and so on.

The addition polymerization is usually carried out in solution at
temperatures from about 20°C to about 300°C, preferably from about 150°C
to about 200°C, more preferably from about 160°C to about 165°C.
Preferably, the polymerization is carried out with approximately the same
reaction temperature and using the same initiator(s) throughout. The initiator

should be chosen sa its half-life at the reaction temperature is preferably no

more than about thirty minutes, particularly preferably no more than about five



this dilution). Exanple 3. Preparation of a Heatset Single Fla&iMdyROOBiIti ng
I'nk According to the Invention 58.0 grans of the followwing Mxture 3Ais
added to 142.0 grans of the following Mxture 3B with stirring. The ink
conposition is mxed for 20 m nutes on a dispersator, nmaintaining a vortex

and hol di ng, §drg-écnper ature under 140F. The ink conpositi opch@sosrstsngl e
fall time t _aray of 14 to 17 seconds fldr 500 grans at 30C. Wen used in a

single-fluid heatset |ithographic printing process, the ink prints wthout
toning. Mxture 3A Mx in agla aker until cleab 8]lYVO r.ans of

di et hyl ene GINW&s. aBdoYgh dAreoPr di0 HO% afs agputtyvp; g"'ﬁ‘éﬁeﬁ-, and 0.4
granms of magnesiumnitrate. Add 191.2 grans of_ diethylepe glycol and m x
until hono gularly prefegipd arg Inkiaiony) havige? ﬁlfﬁ&/qggéifl E‘@"S?g%tﬂﬂ?r e 3B:

M x, using a high-speed m xer, 46.0 %rarrs of the vinyl vehicle of Exanple
1, 4.0 granwinste Bt e ternperature of fropp @bpul 2P0 4h te ahoyh&@m:@-cdﬂmalon)

E(i zabet ht own, KY) 1.0 gramtechnical grade Soy oil (available from

Cargi |l |, Chmosgof thelbraaching n®>rgpreercaofbeninchudiedoxhemtite. infiatdrehalfilife isg, add
34.4 grans of a hydrocarbon resin solution (60% LX-2600 in EXX-Print 283D,

avai | abl e fgroneievididrayher2rofe itiitar iofusad c aiHeovinkll palyméGrhidles ofittal | abl e
from Cabot Corp.), and 1.0 gram of a polytetrafl uoroethyl ene wax (Pi nnacle

9500D, avali jhabhtiorf mee@aryr RaveStie o ind esidul §urﬁ%a@tehb gtornopes dcdn@dnt 30
m nutes at 300F. Slow thé m xing speed and add 27.0 grans of EXX-Print 588D

(availabl e jr ganiEaP ihe Whiil ydHiGed apdn &Patﬁ%%%_%tamihliy fr8edofStesigali € 9rind.

M xture B has a Laray viscosity of 180 to 2 poi se and a Laray yield of

SO0NTORLS Oomgﬁﬁ@t%? gid! gtééxﬁas@?% Lj}éﬁm o %gégné r'noﬁ??ﬁﬁf. drfi‘i"%v’ensi?orel . 5k,

0. 7k, 0.3k). ure 3 on the'l er tor ‘one mnute at 1200
Neve | nk o T IeE B ebon T ssbbicion i R WBight 4Gl Bldre "
aram of i 1 Wl Gl rpapmees bana PabTIRzeds of magnesi um ni trate
hexahydrate are stirred with heat (at 130-140F) until honbgenous. M xture
4B: A bl end of 40.2 sprairhatdy pepcgss.sihigi menomen;ansd '“G!aéofg'lsaﬂﬁ%ﬁdoiﬂ the 17.9
grans MSO sol vent (available from Calunet), and 41.1 granms of a carbon
bl ack ( CSX- polgmerizatiatabeactaopyer)a peried @f tisee . \wreferablyaat 2 oastanbraip. the 8
\Ry 2003 Typically, the add times are from about 1 to about 10 hours, and add times of

from about three to about five hours are common. Longer add times typically

produce lower number average molecular weights. Lower number average

molecular weights may also be produced by increasing the ratio of solvent to

monomer or by using a stronger solvent for the resuiting polymer.

In general, the branched vinyl polymer of the invention has a low

number average molecular weight and a broad polydispersity. The number

average molecular weight and weight average molecular weight of a vinyl

resin according to the invention can be determined by gel permeation

chromatography using polystyrene standards, which are available for up to 6

million weight average molecular weight, according to well-accepted methods.

Polydispersity is defined as the ratio of M,, / M,.. In a preferred embodiment,

the vinyl polymer has a number average molecular weight (M,) of at least



VO 00/ 3270b PCTI US991 28182 _ 26 Hegman grind gauge, and then g§Mayrzd08n a
shot mlIl to a grind on a 2 m| gauge of at |east 0Ol 10. The Laray viscosity
at 30C is neasured as 296 poise for a drop with 2000 grans of added wei ght
and as 1332 poise for a drop with 200 grans of added wei ght ( 25% accuracy)

and gives I ter reading . at 90F (32C) for 1 mnute m

fol | owed i'ﬂﬁ@%ﬁ?@?y by 1 mnute at 12Q@8 rpm of 5-10 units?ah@,\%\g%% The
news ink is prepared by m xing together 32.4 grans of the m xture B and
37.6 grans of Exangle 2 to obtain a Mxture 4C having an inkoneter reading
at 90F (32C)aboyt 1800y angt @oea pefierablynattleastosianti2000di Bhenymber averagat e at
1200 rpmof 18.8 units, a Laray viscosity at 30C of 375 poise for a drop
wi th 2000 grmotecdar weighdl isvaisgnreterablypiesothapoalauti 8r000, dnore piefaraldPo gr ams
of added wei ght (t 25% accuracy)) and a viscosity as nmeasured according to
ASTM D4040 (lpsewvranl ahouf A0MO01 568 evi Ghorebp@ferably 1869 trean albdutZBEDOpoAse with
a pseudo yield of 1 109 dynes per cn2. To obtain the ink, 30.0 granms of

M xture 4A isrefetidddahge MM Uiserdt abblh 1000 tagbait 36,000, Mdrepré@ri Nut es.
The resulting ink has a single fall tine Laray at 30C of 21 seconds for 500

grams. The ifgkqslfssMI® fremhatRivt 2000 itd GbBIESSO A érﬁleﬁ‘eﬁhﬂﬂégﬁ' drtu.ma&' .
| i thographic printing process. The invention has been described 1 n detail

wi th 1eferenghad g RioRl abbala6aP 64BNt B00BT TRE: whian® BobtalDRolARE St 00d.

however) th arrations an Ifications can be e spirit
and scope of t.he | i.0 ) | ow | g 8 03 10
00132706 PCWé'B@Q%@E “gfggﬁﬁl‘}\?é& %@%rﬁ#‘%‘ﬁ%& %klgg%tn%%%qtt orpr i si ng
a solution a _branched vinyl resin hayi a. pol ydi spersity of at (east
Sbout 1S, 2. T8 AR B agR MelersiR Mreiht AR aT RipferaBli o viol aBawehar n ¢ he
branched viny] resin has a i ght average mpl ecul ar wei ght of at | east
about 30, oodhillign, a?ﬁc{l ‘ﬂﬁ‘?%@\(mﬁepr& d@tﬁfﬁwtﬁndﬁ'%éﬁﬁi’? l¢ standgydrhavingher e n
t he branched vinyl resin has a nunber average nol ecul ar wei 35“' of less than
about 15, 00 milliomwgight evergge froleepo weidhén Anptafedethganags for Munisifromher ei n
the branched vinyl resin has a nunber average nol ecul ar wei ght of |ess than
about 8500. #houh3000te aboutfid willippo eimdrerpratarmddiange far M, 4s frotn abduér ei n t he
branched vinyl resin has a pol ydispersity of at |east about 50.

100,000 to about 1 million, and a stili more preferred range is from about

100,000 to about 300,000. Resins having ultra-high molecular weight

shoulders (above about 45 million), which can be seen by GPC, are

preferably avoided for the M, range of from about 100,000 to about 300,000.

The polydispersity, or ratio of M,, / M,, may be up to about 10,000, preferably

up to about 1000. The polydispersity is preferably at least about 15,

particularly preferably at least about 50. The polydispersity preferably falls in

the range of from about 15 to about 1000, and more preferably it falls in a

range of from about 50 to about 800.

The theoretical glass transition temperature can be adjusted according

to methads well-known in the art through selection and apportionment of the

commoners. In a preferred embodiment, the theoretical Tg is above room
temperature, and preferably the theoretical Ty is at least about 60° C, more

preferably at least about 70°C. The methods and compositions of the present



6. A printing ink conposition according to claim5, wherein t8edyrzooghed
vinyl resin has a pol ydispersity of up to about 10,000. 7. A printing ink
conposition according to claim1, wherein the printing ink conposition is a
l'i thographic printing ink. 8. A printing ink conposition according to claim
1 ( wherei Uo%@rin%epri nting ink further conprises a vehicle ggk Bsf%ﬂnﬁi omthe
group consisting of al kyd resins, phenqbic resins, rosins, cellulosics, )
rosi n-nodi fi ed phenolics, phenolicnodified rosins) hydrocarbon-nodified
rosins, nmalefic nodified rosin, fumaric nodified rosins; hydrocarbon

resi ns) unbinvestien prefasably employ vinyb pplymete haviegrasT g ghffom abaut 88°C her eof . 9.
A printing ink conposition according to claim1l ( wherein the branched

vinyl resi nabéupq’tﬂ"@rrhé%dﬂ#&érﬂglyaﬁohﬁ%éutam t® ab¥PY 08t 95d even
di vi nyl benzene, based on the total wei ght of nononers pol ynmeri zed. 8 May ,

2003 VO 00l rgﬁr&grﬂgﬁ%ﬁﬁﬁ&é& abol'dopel ng i nk conposition according

to claim1l, el n sai ranched vinyl resin is prepared using from abaut

1.2%to about 6% dj vi ' t i.ght of the.
nononer s pol yn'er(lmzjg# B&wa&%egﬁl%ﬁw %Eﬁ}ieﬁaz’%@ﬁ%?g?'?éf‘gﬁhg"ég’P @Jl"he\é&equn%l aim1l,
wherein said brﬁnched vhnéh rﬁﬁé{ﬂ S %repaEEd'nkéSi ng from about 1.5%to
about 3. 25%YEPHRAT HERDRIED By Ghreas &y tsnink e fon, LEXAMPIES of he
nononers pol yperized. 12, A printing ink, conmposjtjon conprisjing a_solution
or "t e LRI AN B S 5% e COTBATRY ith yhe branhach STy 15
prepared by polynerizing a mxture of nmonomers that includes at |east about
0. 008 equi vandides without g’ﬂ@at@"aﬁﬁlwﬁtmr@kyqﬁﬂ%w?%!c ©Bingt rasinsst one
pol yfunctional nonomer, said polyfunctional nonomer having at |east two

et hyl eni cal loplidosies.ueadederivsitiyesr 0z these beuohis as1 gosimmudified phenalics,
conposition according to claim 12, wherein the m xture of nononmers includes

from about @headlic-modified troging) hyeeqtarbbrmaifiquerosit8Dnaleicenafifisdorosimgr
pol ynmeri zed, of the polyfunctional nononmer. 14. A printing ink conposition

accor di ng t gumbéé madifiedhesiasn hybecatbdriresind, ORB@AENRE | afliedss virfypm about
0.016 to about 0.064 equival ents per 100 granms of nononer polynerized of

the pol yf un%éiﬁgabongemm@fesiﬂé-apm Rid Bhi NGuchKr<sMEPBFIddiRedCraLdhEY to
claim 12, wherein the polyfunctional nononmer has fromabout two to about

four ethyl eniGlddinrsatin ﬁ@?ﬁ%&@ %ﬁw&@%\?\%e@gm SEHY F’;?H}J“r?\c : A

printing ink conposition acc n the po i onal

mononer as (fillfed eﬂt\mﬁll@y&ﬁ)ﬁ% §f I HLAAE LRAVARE SRPLG,RRANE Per

nol ecul e. 17. printing in oSition according t alm érein the -

pol yfuncti Or\ll\?éighqgr(])?{ﬁ%rre%ﬁlgp“ ses divi nyl benzene.

In addition to the branched vinyl resin and any other resin components,
the ink compasitions of the invention preferably include one or more solvents.
In a preferred embodiment of the invention, the branched vinyl resin forms a
solution or apparent sofution having no apparent turbidity in the solvent or
solvents of the ink formulation. The particular solvents and amount of solvent
included is determined by the ink viscosity, body, and tack desired. In
general, non-oxygenated solvents or solvents with low Kauri-butanol (KB)
values are used for inks that will be in contact with rubber parts such as
rubber rollers during the printing process, such as a lithographic process, to
avoid affecting the rubber. Suitable solvents for lithographic inks or other inks

that will contact rubber parts include, without limitation, water and aliphatic



8 May 2003 WD 001 32706 PCTI US99I 28182 29 18. A printing ink &Mppg0@3 on
according to claim 12, wherein the branched vinyl resin is prepared by
pol ymeri zing a m xture of nononmers that includes a polyfunctional nonomner
selected fromthe group consisting of divinylbenzene, butylene glycol

di met hacr yv@b@j27émut anedi ol di met hacryi gt e, trinmethyl ol pr oprawusastszt at e)
pentaerytfiritol tetra-acrylate) and tures thereof. 19. A nethod of
maki ng a printing ink) conprising the steps of: (a) preparing a branched

inyl resin n r I t one
\r/rlon)c/)rrer ?\iﬁtvpg(ym Z? eas lﬂgbgﬁt %W%hg{ggﬂrﬁtga %/tb&%sg%r&ﬂﬁ%l a%ﬂc{/ fi zabl e
bond I f f t t
{ enper at ur ePHETIl eh“sgf%dw@; R et fncrhﬁfaaqt%d Fak ekinbler mBieBUBY | ess
th bout t wh ol |, t | th
about 0. 5% FUIBEIRISE TS Sdtos R AR P ARSRE e BRI Miiter s bei ng
pol yneri zed and ﬁb) conbi ning said branched vinyl resin with at | east one

ot her mat er Sal: avatatie from Magig Bres.i Qik Copeam. @ FW‘\!@‘@?%[n‘%@Gm%ﬁYh@ﬂlar esinis
in solution in the printing ink. 20. A nethod of making a printing ink
accor di ng t Befining fvorepamyhErasiklin Earki lbouydasthe krederame SxkPent avaieble t han
about 0.1 % residual nononer based on the total weight of the nononers

bei ng pol ynfrone dtkxoB1 Cheenied! hGd.,oHauskomg TX, pandt from iGlderccBeal 1@jl to cl aim
19, wherein said free radical initiator is tent-butyl peroxy isopropyl

carbonate. 8geciéitiee! Dildatec CX dTotgl Retdieurm (he, Déwee) CO,hand @yiahet ure i s
from about 150C to about 200C. 2 3 , A printing varnish conprising a

branched vi pybrida®$d CohAndiBGapdliB IN/Ga§ Ry §dddy PhildlitHogasihidRWolvkats 8 May
2003 :r 30 24. A printing ink conposition according to claim1, wherein the

br anched Vi Mifst b8 TothpatibROkit el rﬁBQeHEhHQ which %Sﬁk QGﬁ’taEB”QHVéntE?&' ”9 at

| east two ethylenically unsaturated pol ynerizabl e bonds or at |least two
bl R S0P el BRI IR DM Moo
monorer sel eclven sf "R addﬂmn 'I{Bma?\r}gl'y,s %'o rjb%an oif 01( gther vegetable oils may

be included in the ink compositions.

When non-oxygenated solvents such as these are used, it is generally

necessary to include a sufficient amount of at least one monomer having a

substantial affinity for aliphatic solvents in order to obtain the desired solvency

of the branched vinyl polymer. In general, acrylic ester monomers having at

least six carbons in the alcohol portion of the ester or styrene or alkylated

styrene, such as tert-butyl styrene, may be included in the polymerized

monomers for this purpose. In a preferred embodiment, an ink composition

with non-oxygenated solvents includes a branched vinyl resin polymerized

from a monomer mixture including at least about 20%, preferably from about

20% to about 40%, and more preferably from about 20% to about 25% of a

monomer that promotes aliphatic solubility such as stearyl methacrylate or t-

butyl styrene, with stearyl methacrylate being a preferred such monomer. ltis

also preferred to include at least about 55% percent styrene, preferably from



et hyl eni cal | y unsat urated nonocar boxylic acids containing 3 t8dVay 2@@don
atons, esters of a,(3-ethylenically unsaturated nonocarboxylic acids
containing 3 to 5 carbon atons, a, ~ethylenically unsaturated dicarboxylic
acids containing 4 to 6 carbon atons and the anhydri des, nonoesters, and

di esters q{oRoksngt NY! enically unsaturated dicarboxylic acmtsr,@@mglgfu ng 4 .
to 6 carbon atom; vinyl esters, vinyl 18 hers, vinyl ketones, and aronatic

and heterocyclic al | phatic vi nyI conmpounds. 25. A printing i nk conposition
according to claim12, wherein the m xture of nononers further includes at
| east one otaheut 5% ierabeul 8CTestyrenemandcmgre ppefesly Stormgbent 60% to
a,] ~-ethyienically unsaturated nonocarboxylic acids containing 3 to 5

, car bon at orabout 1086 stysena, (Metbyhgethdcedateyou atharumaneatersomayaalsmbghc aci ds
cont aining 3 to 5 carbon atons, a,(3-ethylenicaily unsaturated dicarboxyiic
aci ds cont aiusedg td tedube csolbent &dleramcanih taliphatidysbiverds)if rdesbedt erAl, and
diesters of a,~-ethylenically unsaturated dicarboxylic acids containing 4

to 6 carbon pHresrtagas Hré tyswelght, based upbhahe, tovalnybightopnke méitingr omat i -
and heterocyclic aliphatic vinyl conpounds. .AY.A3 .AlF. A F.AY .Al..A3 . AN3
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amount of divinylbenzene as indicated above; and from about 0.5, preferably
about 2.5, to about 5, preferably about 4, weight percent of acrylic acid or,
moare preferably, of methacrylic acid.

It is preferred to include an acid-functional monomer such as acrylic
acid, methacrylic acid, or crotonic acid, or an anhydride monomer such as
maleic anhydride or itaconic anhydride that may be hydrated after
polymerization to generate acid groups. It is preferred for the braached vinyl
polymer to have an acid number of at least about 3 mg KOH per gram
nonvolatile, and preferably an acid number of from about 6 to about 30 mg
KOH per gram nonvolatile, and more preferably an acid number of from about

8 to about 25 mg KOH per gram nonvolatile, based upon the nonvolatile

weight of the vinyl polymer.



X 8 May 2003

w>+i Dzuoj e’ [ V] ca] ca] ca] ca] caU] ca] caU] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca! DROG% 8CPSbt { 6e=} xsni d_ZU] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] c™a] ca] ca] cfal] ca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca! -x+7), ;

* GRnil>] =VeNP WA~ Xi d_ZU] cU)] ca] ca] ca] cgj ca] ca] ca] ca] ca] ca] A ESPREBE ca) ca) ¢
aJ cMa] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] c”a] c”a] ca] ca

d"g38r}}]r}xsnhc”Yid _ZU) cU ca] ca] cal] ca] ca] ca] ca] ca] cal] ca] ca] ca] caV] ca] ca]
ca] cal] ca] cal] capvteh] asdd afoc dbmalise] e cpletartartlint] edmpositions of the

rZXr"qgr}}]r}xsnhcrYid_ZU] cU] ca] ca] cal ca] ca] ca] ca] ca] caU] caj ca] ca] ca\/] ca] ca

] ca] cal] ] ca}vahiad, tRdderlfaikRed Sﬁw]ré}ﬂﬂ:léélbfél Yah@a} pardtisbRitGEs () -
LZ109%3&' () -3 1098 ()- 10%& ()-Yy 10%G& #1098 )p)BdE 410968 () -

Tove’ ()- Lol BR e, %ﬁ%ﬂ%ﬂ%ﬁﬁ@ RN A

?&'?ERS%“"{O&éﬂfes‘é%%f%&o%%%é&{%f b bt obe B by,
ink compositions may employ solvents having a boiling point below about
200°C, while offset printing inks may use solvents with boiling point above
about 200°C. Preferably, the sollvent or solvent mixture will have a boiling
point of at least about 100°C and preferably not more than about 550°C.
News inks usually are formulated with from about 20 to about 85 percent by
weight of solvents such as mineral oils, vegetable oils, and high boiling
petroleum distillates. For lithographic inks, typically the solvent content is up
to 60%, which may include oils as part of the solvent package. Usually, at
least about 35% solvent is present in fithographic ink.

Waterbome inks may also be formulated using the branched vinyl
polymers of the invention by suitable techniques known in the art. The basic
principles of water dispersible acrylic or vinyl resins are known and can be
applied to the present branched copolymer in a straightforward manner.

The ink compasitions of the invention will usually include one or more

. pigments. The number and kinds of pigments will depend upon the kind of
ink being formulated. News ink compositions typically will include only one or
only a few pigments, such as carbon black, while gravure inks may include a
more complicated pigment package and may be formulated in many colors,
including colors with special effects such as pearlescence or metallic effect.
Lithographic printing inks are typically used in four colors -- magenta, yellow,

black, and cyan, and may be formulated for pearlescence or metallic effect.
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compositions of the present invention. Alternatively, the compositions of the
invention may be used as overprint lacquers or vamishes. The overprint
facquers (air drying) or varnishes (curing) are intended to be transparent,
especially clear or substantially clear, and thus opaque pigments are not
included. For purposes of this invention, an overprint lacquer or vamish may
be considered to be a printing ini( composition of the invention that has no
opaque pigments.

Lithographic ink compositions according to the invention may be
formulated as single-fluid inks having an oil-based continuous phase that
contains the branched vinyl vehicle and a polyol discontinuous phase that
contains a liquid polyol. The branched vinyl polymer phase is relatively stable
toward the polyol phase. The stability is such that the two phases do not
separate in the fountain. During application of the ink, however, the emulsion
breaks and the palyol comes to the surface, wetting out the areas of the plate
that are not to receive ink. Inks that are stable in the fountain but break
quickly to separate on the plate print cleanly without toning and provide
consistent transfer characteristics. Proper stability also may depend upon the
particular acid-functional vinyl polymer and the particular polyol chosen. The
acid number and molecular weight may be adjusted to provide the desired
stability. Higher acid number vinyl resins can be used in lower amounts, but
the acid number cannot be excessively high ar else the vinyl polymer will not
be sufficiently soluble in the hydrocarbon solvent. In general, it is believed

that an increase in acid number of the acid-functional vinyl resin should be



10(Y(((*)u
#1098 () - |
| +$10%&' ()

109& () -, 7

))dE7C ;1 109%& () - Y40%& () - 3

8 May 2003

S109& ()-1'!1109& ()-1'!1109& ()-)) Y-++++++xnbd # 10%& ()- 10 10 10
- 1 +$10%& () - | +$109%& ()- )109%&' ()-+,, ,U ,,dEnbd Y

L10%&' ()- YS109%&' ()- 109 ()-Y"10%&' ()-,t10%& ()- 3L
...,/ 50dEmbC "1 109%& ()-0 f MIO%& ()- 10%& () - SLOQ%Beobhirs
OMB4796) - 50| 02222223bC 109%& () -F 109€& () - #3 ?’% %0 10

&910%&' () ¥

10& 109 ()- Ol *109& ()- 33" 4k4445dEbC MLOYZ& () -

109%2& () -,

109%Z&' () --10%& () -
accompanied by a decrease in the amount of such resin included in the

hydrophobic phase.

Polyethylene glycol oligomers such as diethylene glycol, triethylene
glycol, and tetraethylene glycol, as well as ethylene glycol, propylene glycol,
and dipropylene glycol, are examples of liquid polyols that are preferred for
the polyol phase of the single-fluid ink of the invention. The polyol phase
may, of course, include mixtures o.f different liquid polyols. [n general, lower
acid number vinyl or acrylic polymers are used with higher molecular weight
polyols. The polyol phase may include further materials. A weak acid such
as citric acid, tartaric acid, or tannic acid, or a weak base such as
triethanolamine, may be included in an amount of from about 0.01 weight
percent up to about 2 weight percent of the ink composition. Certain salts
such as magnesium nitrate may be included in amounts of from about 0.01
weight percent to about 0.5 weight percent, preferably from about 0.08 to
about 1.5 weight percent, based on the weight of the ink composition, to help
protect the plate and extend the life of the plate. A wetting agent, such as
polyvinylp)/rollidone, may be added to aid in wetting of the plate. From about
0.5 weight percent to about 1.5 weight percent of the polyvinylpyrollidone is
included, based on the weight of the ink composition.

Single-fluid inks may be formulated with from about 5% to about 50%,
preferably from about 10% to about 35%, and particularly preferably from
about 20% to about 30% of polyol phase by weight based on the total weight
of the ink composition. Unless another means for cooling is provided, there is
preferably a sufficient amount of polyol in the ink composition to keep the

plate at a workably cool temperature. The amount of polyol phase necessary
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0 being used and may be determined by straightforward testing. Up to about 4
or 5% by weight of water may be included in the polyol phase mixture to aid in
dissolving or homogenizing the ingredients of the polyol phase.

It will be appreciated by the skilled artisan that other additives known in
the art that may be included in the ink compositions of the invention, so long
as such additives do not significantly detract from the benefits of the present
invention. [Mlustrative examples of these include, without limitation, pour point
depressants, surfactants, wetting agents, waxes, emulsifying agents and

.dispersing agents, defoamers, antioxidants, UV absorbers, dryers (e.q., for
formulations containing vegetable oils), flow agents and other rheology
modifiers, gloss enhancers, and anti-setting agents. When included,
additives are typically included in amounts of at least about 0.001% of the ink
composition, and may be included in amount of about 7% by weight or more
of the ink composition.

The vinyl vehicles of the invention are suitable for use in inks for many
different types of applications, including, without limitation, heatset inks, news
inks, gravure inks, sheetfed inks, and flexographic inks. Processes in which
such inks are used are well-known in the art and are described in many
publications.

The invention is illustrated by the following examples. The examples
are merely illustrative and do not in any way limit the scope of the invention
as described and claimed. All parts are parts by weight unless otherwise

noted.

Examples
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Example 1. Preparation of a Vinyl Varnish According to the Invention

An amount of 44.19 parts by weight of Total 220 (a petroleum middle
distillate fraction available from Total Petroleum, Inc.) is charged to a glass
reactor equipped with stirrer, nitrogen inlet, total reflux condenser, and
monomer inlet. The solvent is heated to 160°C with stirring under a blanket of
nitrogen. A monomer mixture of 36.01 parts by weight styrene, 12.27 parts
by weight stearyl methacrylate, 2.62 parts by weight divinylbenzene, 1.89
parts by weight methacrylic acid, and 2.79 parts by weight t-butyl peroxy
isopropyl carbonate (76% solution in mineral spirits) is added to the reactor
over a period of three hours. After the monomer addition is complete, 0.23
parts by weight of t-butyl peroxy isopropyl carbonate is added over a period of
fifteen minutes. The temperature is held at 160°C for an additional two hours
to allow for complete conversion of the monomer to polymer. The measured
amount of non-volatile matter (NVM) is 55%. The percent conversion,
measured as NVM divided by the percent of the total weight of monomers, is
100.1. The acid number on solution is 12.0 mg KOH per gram. The viscosity
is 30 Stokes (bubble tube, 54.4°C). The solvent tolerance is 230% and the
NVM at cloud point is 16.7%.

Example 2. Preparation of a Vinyl Varnish According to the nvention

An amount of 44.22 parts by weight of Golden Bear 1108 (a petroleum
middle distillate fraction available from Golden Bear Oil Specialties) is
charged to a reaction flask equipped with stirrer, nifrogen inlet, total reflux
condenser, and monamer inlet. The solvent and heated to 145°C with
stiring. A monomer mixture of 33.86 parts by weight styrene, 12.6 parts by

weight stearyl methacrylate, 3.1 parts by weight n-butyl acrylate, 1.31 parts by
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weight divinylbenzene HP (80% divinylbenzene), 1.89 parts by weight
methacrylic acid, and 2.89 parts by weight t-butyl peroxy isopropyl carbanate
is added to the reaction flask over a period of 3 hours. After the monomer
addition iws complete, 0.23 parts by weight of t-butyl peroxy isopropyl
carbonate is added to the flask over a period of 15 minutes. The temperature
is held at 145°C for an additional two hours to allow for complete conversion -
of the monomer to polymer. T He measured amount of non-volatile matter
(NVM) is 56%. The percent conversion, measured as the percent of the total
weight of monomers converted to non-volatile matter is 101.5. The acid
number on solution is 12.0 mg KOH per gram. The viscosity is 47 Stokes
(bubble tube, 54.4°C). The solvent tolerance is greater than 1429% and the
NVM at cloud point is less than 3.7% (i.e., no cloud point is observed yet at
this dilution).

Example 3. Preparation of a Heatset Single Fluid Printing Ink According to

the Invention

58.0 grams of the following Mixture 3A is added to 142.0 grams of the
following Mixture 3B with stirring. The ink composition is mixed for 20
minutes on a dispersator, maintaining a vortex and holding the temperature
under 140°F. The ink composition has a single fall time Laray of 14 to 17
seconds for 500 grams at 30°C. When used in a single-fluid heatset
lithographic printing process, the ink prints without toning.
Mixture 3A:
Mix in a glass beaker until clear 181.0 grams of diethylene glycal, 8.Q grams
of RO water, 0.4 grams of citric acid, and 0.4 grams of magnesium nitrate.

Add 191.2 grams of diethylene glycol and mix until homogenous.
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ixture 38:

Mix, using a high-speed mixer, 46.0 grams of the vinyl vehicle of
Example 1, 4.0 grams of Blue Flush 12-FH-320 (available from CDR
Corporation, Elizabethtown, KY) 1.0 gram technical grade Soy oil (available
from Cargill, Chicago, IL) and 0.6 grams of an antioxidant. While mixing, add
34.4 grams of a hydrocarbon resin solution (60% LX-2600 in EXX-Print 283D,
available from Nevilie), 27.0 gramé of a carbon black (CSX-156 available from
Cabot Corp.), and 1.0 gram of a polytetrafluoroethylene wax (Pinnacle
9500D, available from Carro! Scientific). Mix at a high speed for 30 minutes
at 300°F. Slow the mixing speed and add 27.0 grams of EXX-Print 588D
(available from Exxon). Mill the premix in a shot mill to a suitable grind.
Mixture B has a Laray viscosity of 180 to 240 poise and a Laray yield of 800
to 1200 (according to test method ASTM D4040: Power Law — 3k, 1.5k, 0.7k,
0.3k). Mixture 3B is tested on the Inkometer for one minute at 1200 rpm for a
measured result of 25 to 29 units.

Example 4. Preparation of a News lnk Single Fluid Printing Ink According to

the Invention

Mixture 4A:

A mixture of 87.0 grams of diethylene glycol, 12.7 grams of glycerine,
0.15 gram of citric acid monohydrate, and 0.15 grams of magnesium nitrate
hexahydrate are stirred with heat (at 130-140°F) until homogenous.

Mixture 48:

A blend of 40.2 grams of a gilsonite varnish, 0.8 gram oronite, 17.9
grams MSO solvent (available from Calumet), and 41.1 grams of a carbon

black (CSX-320 from Cabot Corp.) were mixed with shear to a 4.0 on the
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Hegman grind gauge, and then ground in a shot mill to a grind on a 2 mil
gauge of at least 0/10. The Laray viscosity at 30°C is measured as 296 poise
for a drop with 2000 grams of added weight and as 1332 paoise for a drop with
200 grams of added weight (+ 25% accuracy) and gives an inkometer reading
at 90°F (32°C) for 1 minute at 400 rpm followed immediately by 1 minute at
1200 rpm of 5-10 units.

News Ink:

The news ink is prepared by mixing together 32.4 grams of the mixture
B and 37.6 grams of Example 2 to obtain a Mixture 4C having an inkometer
reading at 90°F (32°C) for 1 minute at 400 rpm followed immediately by 1
minute at 1200 rpm of 18.8 units, a Laray viscosity at 30°C of 375 poise for a
drop with 2000 grams of added weight and Of 565 poise for a drop with 200
grams of added weight (+ 25% accuracy), and a viscosity as measured
according to ASTM D4040 (power faw 2000, 1500, 1000, 500) at 2500 s™ of
285 poise with a pseudo yield of 1709 dynes per cm” To obtain the ink, 30.0
grams of Mixture 4A is added to Mixture 4C with mixing at 3000 rpm for 10
minutes. The resulting ink has a single fall time Laray at 30°C of 21 seconds
for 500 grams. The ink does not exhibit toning when using in a single-fluid
lithographic printing process.

The invention has been described in detail with reference to preferred
embodiments thereof. it should be understood, however, that variations and
modifications can be made within the spirit and scope of the invention and of

the following claims.
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CLAIMS

1. A printing ink composition comprising a solution of a branched vinyl
resin having a polydispersity of at least about 15.

2. A prinfing ink composition according to claim 1, wherein the branched
vinyl resin has a weight average molecular weight of at least about 30,000.

3. A printing ink composition ;'according to claim 1, wherein the branched
vinyl resin has a number average molecular weight of less than about 15,000.
4, A printing ink composition according to claim 1, wherein the branched
vinyl resin has a number average molecular weight of less than about 8500.
5. A printing ink composition according to claim 1, wherein the branched
vinyl resin has a polydispersity of at least about 50.

6. A printing ink composition according to claim 5, wherein the branched
vinyl resin has a polydispersity of up to about 10,000.

1. A printing ink compaosition according to claim 1, wherein the printing ink
compasition is a lithographic printing ink.

8. A printing ink compaosition according to claim 1, wherein said printing
ink further comprises a vehicle selected from the group consisting of alkyd
resins, phenalic resins, rosins, cellulosics, rosin-moadified phenolics, phenolic-
modified rosins, hydracarbon-madified rosins, maleic madified rosin, fumaric
madified rosins;‘ hydrocarbon resins, unbranched vinyl resins, polyamide
resins, and mixtures thereof.

9. A printing ink composition according to claim 1, wherein the branched
vinyl resin is polymerized using at least about 0.5% by weight divinylbenzene,

based on the total weight of monomers polymerized.
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vinyl resin is prepared using from about 1.2% to about 6% divinylbenzene by
weight based on the total weight of the monomers polymerized.

11. A printing ink composition according to claim 1, wherein said branched
vinyl resin is prepaiéd using from about 1.5% to about 3.25% divinylbenzene
by weight based on the total weight of the monomers polymerizegi.

12. A printing ink composition comprising a solution of a branched vinyl

resin having a polydispersity of at feast about 15 prepared by polymerizing a mixture of
monomers that includes at least about 0.008 equivalents, per 100 grams of monomer
polymerized, of at least one polyfunctional monomer, said polyfunctional monomer
having at least two ethylenically unsaturated polymerizable bonds.

13. A printing ink composition according to claim 12, wherein the mixture of
monomers includes from about 0.012 to about 0.08 equivalents, per 100
grams of manomer polymetized, of the polyfunctional monomer.

14. A printing ink composition according to claim 12, wherein the mixture of
monomers includes from about 0.016 to about 0.064 equivalents per 100
grams of monomer polymerized of the polyfunctional monomer.

16. A prnting ink composition according to claim 12, wherein the
polyfunctional monomer has from about two to about four ethylenically
unsaturated polymerizable bonds per molecule.

16. A printing ink composition according to claim 12, wherein the
polyfunctional monomer has about two ethylenically unsaturated
polymerizable bands per molecule.

17. A printing ink composition according to claim 12, wherein the

polyfunctional monomer comprises divinylbenzene.
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18. A printing ink compasition according to claim 12, wherein the branched

vinyl resin is prepared by polymerizing a mixture of monomers that includes a

polyfunctional monomer selected from the group consisting of divinylbenzene,

butylene glycol dimethacrylate, butanediol dimethacrylate, trimethylolpropane
triacrylate, pentaerythritol tetra-acrylate, and mixtures thereof.

19. A method of making a printing ink, comprising the steps of:

(@) preparing a branched vinyl .resin by polymerizing a monomer mixture
that includes™ at least one manomer having at least about two
ethylenically unsaturated polymerizable bonds per molecule in the
presence of a free radical initiator at a temperature at which said free
radical initiator has a half-life of less than about two minutes, wherein
said polymerization results in less than about 0.5% residual monomer
based on the total weight of the monomers being polymerized, and

(b) combining said branched vinyl resin with at least one other material to
form a printing ink, wherein the branched vinyl resn is in solution in the printing ink.

20. A method of making a printing ink according to claim 19, wherein said

polymerization results in less than about 0.1% residual r;lonomer based on

the total weight of the monomers being polymerized.

21. A method of making a printing ink according to claim 19, wherein said

free radical initiator is tert-butyl peroxy isopropyl carbonate.

22. A method according to claim 19, wherein the temperature is from about

150°C to about 200°C.

23, A printing vamish comprising a branched vinyl resin having a

polydispersity of at least about 15.
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bonds or at least two ethylenically unsaturated polymerizable monomers having mutually
reactive groups other thafi the polymerizable double bonds, and

at least one other monomer selected from the group consisting of o,f3-

ethylenically unsaturated monocarboxylic acids containing 3 to 5 carbon atoms, esters of
o,f3-ethylenically unsaturated monocarboxylic acids containing 3 to 5 carbon atoms, o, f3-
ethylenically unsaturated dicarboxylic acids containing 4 to 6 carbon atoms and the
anhydrides, monoesters, and diesters of a,(3-ethylenically unsaturated dicarboxylic acids
containing 4 to 6 carbon atoms, vinyl esters, vinyl ethers, vinyl ketones, and aromatic

and heterocyclic aliphatic vinyl compounds.

25. A printing ink composition according to claim 12, wherein the mixture of
monomers further includes at least one other monomer selected from the group
consisting of o,f-ethylenically unsaturated monocarboxylic acids containing 3 to 5
carbon atoms, esters of o,fi-ethylenically unsaturated monocarboxylic acids containing
3 to 5 carbon atoms, o.f}-ethylenically unsaturated dicarboxylic acids containing 4 to 6
carbon atoms and the anhydrides, monoesters, and diesters of o -ethylenically
unsaturated dicarboxylic acids containing 4 to 6 carbon atoms, vinyl esters, vinyl ethers,

vinyl ketones, and aromatic and heterocyclic aliphatic vinyl compounds.



