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present inventwWoe?seRates to hot-nelt inks and conponents thaE@HISI7/01483
wel |l as nethods for printing with such inks.1 10 Background of the

| nvent’i on Hot-nelt inks are characterized as being
solid at roomtenperature and nolten at an el evated tenperature at
which the hot-nelt ink is applied to a substrate. Hot-nmelt inks are in
wi despread use in ink jet printers, and hBessrptiono been suggested for

use in-intaglio and gravure printing. 15 Ink jet printing

is a well-known process for P | LD bstrates such as
paper, plastic filns, netal msigﬁﬁﬁ%@w%%ﬁ%&gﬁ&é&ﬂﬁ nk j et
printing ejects a stream of USEE INEORMIBAJEING HRTMEILRINKSri fi ce, and
thereafter, atsa certain distance fromthe orifice known as the
breakup di st ance,Tt e _stream separates into mnute uniformy-sized

droplets. The in travel through the air until they 20 hit a
substrate, whereupon the i ke presentingentionegjatestn hotimels inks andatomponents thereof, as

Various technol ogidsashnds &2 prid@pahitPfieh InRs di rect jet ink in an imge-
wi se fashion froma printhead of a printing device to a substrate. In one

t echnol ogy, call ed drop-on-demand, a printhead passes over a substrate

and ej ects dr &p| dBackgrbundéf the Inventiohy when and where ink is desirably

deposited on the substrat e HobhiR k3 -arE BRiteazed ;selgel;}@ |
enpl oyed i n deskt or ol e #o%nﬁ%%@%%{e a'l'dn a

on.ink je rinters. . N . r
process known as 'B‘gﬁ iaﬁﬂ%ﬁ&vgﬂ temperatyre 3t which the hotrpelt ink is applied tp.a qubstrate.
constant |y ej ect iet-melkinks ayp incwidespgeail usqiasniciet ringers, and hdvetalsatbeen ugg@tedtfoe

substrate passes @@fﬂﬁﬁgﬂmd@}i\ﬂ}mqng_A gui dance systemis stationed
bet ween t he pri nt head igd the.substrachgﬁ,q so the ink droplets are
directed eithd? to a speci TT¢cie BUBNE I & Vellknow Precess forapen-gantact pinting of

recircul ation gutsubstrates sutte asipager.cplestioclilmg, mptel foilsl asdahd Hkedoln Igeneral, ink jet
al l owed to cont aGrintifkeejestda strdirft of Aodidl RICAtougR Al VeRH Ghil &«‘.fLoaamd' eﬂgrre]%&et Lt a

printer enploys . 10ks that can _.be given an el éctri.c charge,
gui dance syst em iR disfanss F’8§’t éf iogg?q g’Pd"“ as the reakiup distance, the stream separates

into minute uniformly-sized droplets. The ink droplets travel through the air until they
20  hit a substrate, whereupon the ink forms an image on the substrate.

Various technologies have been developed to direct jet ink in an image-
wise fashion from a printhead of a printing device to a substrate. In one technology,
called drop-on-demand, a printhead passes over a substrate and ejects droplets of ink
only when and where ink is desirably deposited on the substrate. Drop-on-demand

25 technology is commonly employed in desktop ink jet printers.
In contrast, in a process known as continuous stream jet printing, the
* printhead is constantly ejecting ink droplets as it passes over a substrate, or as the
substrate passes before the printhead. A guidance system is stationed between the
printhead and the substrate, so the ink droplets are directed either to a specific location
30 on the substrate or to a recirculation gutter if the droplets being ejected should not be
allowed to contact the substrate. A typical continuous stream ink jet printer employs
inks that can be given an electric charge, and the guidance system is an electrostatic field
that will interact with and direct the charged ink droplets to a desired location.
Continuous stream jet ink printing is more commonly seen in industrial printing than in

35 desk top printing.

Jet inks suitable for either drop-on-demand or continuous stream ink jet
printing can be classified as either liquid jet inks or hot-melt jet inks. Either type of ink



that will interact with and direct the charged ink droplets to a desired
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typicdlly contains both colorant and carrier, where the carrier is sone

mat eri al which di ssol ves or suspends the colorant. Aliquid jet ink is
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25 increase in viscosity, which will cause substantial changes in the performance of the inks.

_Also, a porous substrate such as paper tends to cockle and/or distort when printed with
high quantities of liquid jet ink. Additionally, organic solvents present in a liquid jet ink
can evaporate after contacting the substrate, and this may cause health problems for
some persons nearby.

30 Another problem associated with the presence of volatile solvents in a
liquid jet ink is that the solvents cause the colorant to bleed into the printed substrate,
which is typically porous, with the consequence that the printing displays poor
resolution. While specially coated porous substrates may overcome this problem, such
special substrates are expensive and not generally necessary for other types of printing,

35 e.g, reprographic printing, which work fine on "plain paper", i.e., standard non-coated
sheet. At least in an office setting, it is highly desirable that all printing, including ink jet
printing, be done on "plain paper” or standard transparencies.
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reaﬁo?s, lt[le adh?&m éé\fay%npftlﬁ%loiﬁtb as S lin pirfin tthaiqaza iRIES, a hot-m8HBRfidrOT
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cualable to assrSthn T BaldRU S0k bElBeciMERE B Rl
better fixing profdavingsessentially no volatilpicampenentser Jhus, there is no evaporation of
o havi ng. eesent 1 D e o e o
of 20 cgrrponent s)“ﬁc??\/t&’ seking a k’eﬁﬁh E&%@&E{g Saﬁ%'Tg‘éalp Preag'ﬁrgr?" e ars F%eﬂlwe'ﬁ@'%dt h
changes in ink jetinksj scosity, caking and health risks due to sol vent
evaporation, which are seefoVd lsignificahit!i éktent, the properties of the carrier determine the
properties of a jet ink. The prior art discloses several materials that may be used as a
25 carrier, sometimes called a vehicle, a binder or a solid organic solvent, in hot-melt jet
inks. U.S. Patent 3,653,932 discloses to use diesters of sebacic acid (a solid linear C,p
‘dicarboxylic acid) and paraffinic alcohols having 12 or less carbons. U.S. Patent
4,390,369 discloses to use natural wax. U.S. Patent 4,659,383 discloses to use Cag.24
acids or alcohols. U.S. Patent 4,820,346 discloses to use aromatic sulfonamides. U.S.
30 Patent 4,830,671 discloses to use short-chain polyamides. U.S. Patent 5,151,120
discloses to use the ethyl ester of stearic acid (a solid linear, C,s carboxylic acid). U.S.
Patent 5,354,368 discloses to use tall oil rosin. The foregoing are exemplary of the prior
art directed to hot-melt ink carriers.
' British Patent 909,363 discloses to prepare ester waxes from mixtures of
35 solid aliphatic mono- and dicarboxylic acids (prepared by oxidation of paraffin and/or
montan wax) reacted with solid aliphatic wax alcohols (obtained by oxidation of natural
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The inventionis I'Tec prepari ng a solid diester
Another aspect of the invention is dxrccted to a hot-melt ink composition

comprising an image-forming component and a solid diester as described above.

Yet another aspect of the invention is a method of jet printing comprising
the steps of mixing an image-forming component with the solid diester as described
25 above, to thereby prepare a hot-melt ink, melting said hot-melt ink within a printhead
designed for hot-melt printing, and ejecting molten hot-melt ink from said printhead
onto a substrate. ' ' '
A further aspect of the invention is a method of gravure and intaglio
printing comprising the steps of mixing an image-forming component with the solid
30 diester as described above to thereby prepare a hot-melt ink, melting the hot-melt ink to
prepare molten ink, contacting a gravure or intaglio printing plate with the molten ink to
provide a printing plate having molten ink thereon, and then contacting the printing plate
having molten ink thereon with a substrate to transfer an image from the printing plate
to the substrate.
35



wherei n about 2 equivalents of liquid polynerized fatty acid are reacted

w th apout x equi valents of C[err] nonohydric linear primary al cohol
and, about y equivalents of 20 diam ne, where x+y is equal to about 2 and y
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Because fatty acid polymerization typically forms much more dimer acid
than trimer acid, those skilled in the art may often refer to polymerized fatty acid as
dimer acid, even though some trimer acid, and even higher polymerization products,

25 may be present with the dimer acid. It is preferred that the polymerized fatty acid
contain less than about 10 weight percent of trimer acid, based on the total weight of the
polymerized fatty acid, and that the dimer acid constitute at least about 90 weight
percent of the polymerized fatty acid. More preferably, the dimer acid constitutes
essentially all of the polymerized fatty acid.

30 Typical unsaturated fatty acids used to form polymerized fatty acid
include oleic acid, linoleic acid, linolenic acid, etc. Tall oil fatty acid, which is a mixture
containing long-chain unsaturated fatty acids obtained as a byproduct of the wood
pulping process, are preferred for preparing polymerized fatty acid useful in the
invention. While tall oil fatty acid is a preferred source of long-chain fatty acid, the

35 polymerized fatty acid may alternatively be prepared by polymerization of unsaturated
fatty acids from other sources, e.g., soybeans or canola.



presence of a clay catalyst in order that the fatty acids polynerize. The
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Cerr] tricarboxylic acid forned by trinmerization of the fatty acid.

Pol ynmeri zed vaig7orei d is typically a mxture of structuresPCTUEH791483
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prepar ed by POl YiRbk TRl e e UBRE! U4 s g 1B icheP il oS RLP ke

sources, or can
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Tﬁl | 0: | fatty acid ]Eypl qwlyn)erﬁanfavdymmamraﬂ?uuﬁd a;»drbgalhueda&'rsdﬁns thépebft hus
the polynerizatj

conbi nation wit 99 be ob{aﬁ'leh ﬁ?aH B@ﬁ)ﬁ% (ﬁcéogmfm%l s@{;@kn@ r| aihy ﬁmon Camp |

and decar boxyl a@@ﬂ’ofaé@Pn(‘KWB thé§'és P°|Y“‘P’|'ﬁfdr f’@‘ﬂe%"'%i?‘ fe t 'eégﬂp |
pol ymeri zed fat trydemai] useful in the invention. The acid 5 nunber of a

typical pol ygerized fattypachd sy kn‘)e,l;{mm%g P&Sﬁﬁﬁn‘ régddé 8{‘)?5(%1{)&&%&' ?ﬁyo‘c

about 180 to about 200. rize
useful in the .wérsmsﬂly|a§ dgsqribed, phpvecandra Pﬁ&ﬁbﬂﬁ“ linear mogaky rﬂf@h@ntlsong
thereof, e.g., thdim@EéohalsivdefariflttRrinveationhave atdeddt Decarborbatohs afd binthavé 30, 40

or even more carbon atoms, although typically they do not have more than about 60 -
carbon atoms. The designation Cp. is used herein to mean that there are at least 20

25 carbon atoms, and optionally more than 20 carbon atoms, in the monohydric alcohol
useful in the invention. ' _

The Ca- monohydric alcohols useful in the invention are solid at 25°C,
Preferably, the Cz. monohydric alcohol is a primary saturated linear alcohol with a
molecular formula C,H2,.20, where n is at least 20.

30 The Cz. monohydric alcohol is selected so that the diester formed
therefrom is a solid having a melting point at least about 40°C, preferably at least about
50°C, and more preferably at least about 60°C. In addition, the monohydric alcohol is
selected so that the melting point of the diester prepared therefrom is less than about
150°C, preferably less than about 140°C, and more preferably less than about 130°C.

35 A suitable monohydric linear alcohol useful in preparing the compositions
of the invention may be an essentially pure monohydric alcohol having at least about 20
carbon atoms. Preferably, the essentially pure monohydric alcohol is at least about 90



sem -solid. However, the conbination of dimer acid and any conponents
present 10 therewith is a liquid at 25[err]C The

pol ynmeri zed fatty acid of the invention nay be hydrogenated prior to

its esterification reaction, or the product of the esterification reaction
may be hywoegsnzt ed. I n either event, hydrogenation ten®ETUSIIARR de
for a slightly higher nmelting point for_the diester, as well as inbue
the di'ester with sonewhat greater 15 oxi dat { ve stability.

Pol yrmeri zed fatty acid, diner acid, and hydrogenated versions thereof

may be obtained froma nunber of commercial suppliers. For exanﬁle, Uni on

Canp Cor por aveight peregntof a smgle malecqular stwuciyrer and sapre preferably isct outhR r

N on b A sl of  single molar s Exstay i bl Bie Wb |
| U | Z . | . :

descri bed aboee, q‘&?’l‘ﬂg 5?%‘%%%61?’6"‘1“. aﬁ%‘é’f "ﬁ&vﬁgﬁ%ﬁd?@ 'é?f’?'bﬁ'S v t}c/)"r?gﬁ"ef"”"‘bl)"

chai n al cohol s ughé essentiglly pure imppehydrip micoholdhas at leasy about 22artion rrtemso grd mored

can have 30, 49 preferably hay ailedstaBord BaDETbGH R6Ms. Aht MABEr $6/ASR dtdmé BE YnydO

not have nore than abhout 60 . t . dhe. desi tio err] is
used herein to méan" qﬁﬁtpr?s%étr"é e %%Qﬂﬁ%gglgr}g?f%’gﬁwc ?%'gfr}%a‘frgfnﬁ?%alﬂﬁ']e thah
optional |y nore tdbewt 100mers preferablydsrmorg than peoutrdhoing et wozg) prefbrgbly is moreytharf ul
in the invention.gpyout 18. The C[err] nonohydric al cohols useful

in the invention are solid_at 23/ err]C. . Preferab t he err
monohydric al cohol is a erf‘?&Wfﬁga‘Nﬁ% d’?‘g'(?hYWegﬂe‘_’%\IaE‘S*\%f hRYPe Satkd than 20
mol ecul ar _f or il ecatjoaratqmy ererdvaiiablgtfeone many sourees, inebuding0Aldg¢h Chemical Co., Inc.
The C[err] nonohymfiiwauRdes WIPhnd B ML dihbahy) The. (Rew Yofls INY), f 2 5iitEBle pure
therefromis a solid,havi D011 rgebt |eg§ ﬁm nﬁ at_ | eaa& abqégl 40[§ri,%lc,
preferably at | eafg?mg t % beheny] W’eﬂ'@?@ pAYpilagle a5 (achalgt® from
60[ err] C. | n .addiMi Michekand Companyy thci @New ¥otkoNY).s. sel ected so that the
mel ting point of the diest altefbmRR Afe thsdAjditMlihdir | dohof b BOQUmixture of
150[err] C, preferabl %@sa thh?n atiout 1&10 er r{?%, and gg:{g referably | ess
than about 130perT{EYEY #lconc’s, so long as the § tRpfHt W@H’?‘Ylbc P, g the
al cohol useful i rmiyrepefimonphydris aleohgls isiatsolihd.e., has a melfing printiof etleast aboutegonbe
an gssenz iall pr Lt]geﬁpéfgmmmﬁéﬁeﬁbgl KQ&4et ?ﬂwvgm oathelnﬁ%s?cﬁiaqwlbhaﬁm a r_nixtur? of
carbon atons. Prefer , | PAH € n rig alco a
| east about 90 mono%y%g%esggﬁggp Ieasef aleut i} cargré)r-\ 6 s, and moreé pre; erai:l% has at
PCT/ US97101483  least about 24 carbon atoms. The residual 10% impurity in a mixtuye of monohydiig)ht
pgr ctent9 5of a &bngdh?halal xﬂ@uh@%fléﬁrﬂ!l;ﬁi u? Q:arb%lﬁ Chiotiy, Qs N6 9{ gel MeddSoiahtoh&xlfylaﬁc
abou wei g cent 0o in ec r ructur ssen y
pure monohydric aﬁ‘é’&’ﬁ%?‘? a'tyd? €Y°i‘§ gﬁtelfgs'gﬁ%%%&fé&%r&ﬁﬁﬁlﬁwi? %E@t’gﬂtemj'
wel | -suited for use in theViaporcpressuie. osmogretry §¥PQ), among many other techniques, may
be used to characterize the number average molecular weight of a blend of alcohols.
The mixture of monohydric alcohols useful in the invention have number average
25 molecular weights by VPO of about 200 to about 800, preferably about 300 to about
600. Pure Cz; monohydric linear alcohol has a molecular weight of 326 by VPO.
Suitable mixtures of alcohols are commercially available from, e.g.,
Petrolite Corporation (Tulsa, OK) under their UNILIN® trademark.
The monohydric alcohol, whether present as an essentially pure alcohot
30 or in a mixture of monohydric alcohols, has a straight chain alkyl group. Exemplary
alcohols useful in the invention include 1-eicosanol (Cy), 1-docosanol (Ca,, also known
as behenyl alcohol), dotriacontanol (Csz), tetratriacontanol (Css), - pentatriacontanol
(Css), tetracontanol (Cs), tetraacontanol (C.), dopentaacontanol (Cs.),
tetrahexaacontanol (Ces), dohexaacontanol (Cy,), etc.
35 Diamine can be added to the reaction mixture comprising polymerized
fatty acid and monohydric alcohol. As used herein, the term diamine refers to an
organic molecule having two and only two reactive amine groups. When present, the



t he essentially pure nonohydric al cohol has at |east about 22 carbon atons,
and nore 5 preferably has at |east about 24 carbon atons. The nunber of
carbon atons of any impurities present in the essentially pure
nonohydri ¢ al cohol is preferably nore than about 10, nore preferably
i's nore thanvbhomen2®4, and yet nore preferably is nore thanPCT/USY74483t 18.
Essentially pure nonohydric |inear alcohols having greater than 20 10
carbon atons are available from many source®, including Al drich Chenical
Co., tnc.’ (M1 waukee, W) and M M chel and Conpany, Inc. (New York,
NY). A suitable pure nmonohydri c al cohol is behenyl al cohol,

commerci al |y avdiamigl dlows tha&dredhteon 6ff yramidodiestdr. Naweker, amly Covparamountnef
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Cor por ati on STU%H@l@&anth r thié?gr UNI tZtP% P?g ebj: © |a]ly neutral, '% hg“
The nonohydr #¥ £ agid gumbegof fess than, about 20, t0.pure al cohol 30

or in a mxture of nonohy®he opwdmbdhmra cbmpomntshasaw\@rﬂndodmy twaa kdaytiventineD .

Exenpl ar
(Qerr]). 1 do?r&%ﬁo ; %@g}#; ﬁi{é geeggga,grg,,éfgrg%yﬁ "JL‘Z’ Aui;if?ég#%gfs The
dot ri acont anol (Fé§cHys Yp3 £e; 88 oY) °'%’(‘35"4'}‘°‘°B ’%‘ES g diydrogen
(Cerr]), tetrand rupanmilly dxgger atpins, where ithen organia modiety (135 éranj two to about 36

dopent aacont 3golg &ga s )Ethylenedxaﬁnﬁ{er@gi?ééﬁﬁﬁw dﬁﬁﬂine (vﬂhq{v'b]&rbon atoms, w lle
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the reaction m
al cohol . As usedh&diamine compenenemay blé sandrated betmsamrdtal, aig., straightoechginrallylene as
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PCT/ US97/ 01483 diamine, cyclic alkylene as in isophorone diamine, or aryl as in xylenediamine.

25 JEFFAMINE® diamines, i.e., poly(alkyleneoxy) diamines from Texaco, Inc. (Houston,
TX), also known as polyether diamines, are exemplary diamines having both carbon and
oxygen in the organic moiety to which the amine groups are bonded.

Preferred diamines have from 2 to about 12 carbon atoms, such as
1,6-hexanediamine, ethylene diamine and 1, 10-decanediamine.

30 To prepare the solid diester of the invention, the polymerized fatty acid,
monohydric alcohol, and optionally the diamine component, may be combined and the
product mixture heated. Any order of combination is suitable, and heating rate is not
particularly important. The final heating temperature is suitably about 200°C to about
250°C. The progress of the reaction may be monitored by taking samples and

35 measuring the acid number and molten viscosity of those samples.

Upon heating, water vapor will be evolved as the esterification, and
optionally the amidification reaction occurs. Preferably, the water vapor is condensed



8 diamne allows the formation of an am dodi ester. However, only a

m nor anount of di am ne should be present in a reaction m xture of
pol ynmeri zed fatty acid and ~nmonohydric al cohol, or else the nolten
viscosity of the resulting am dodiester will be too hi gh. Thus, no nore

t han about 50%wad9m3nrpet ot al reactive equival ents of a m xtur ePGRUSTOHBHNM ne
and monohydric al cohol may be contributed by the di am ne conponent.

In other words, if a reaction mixture contai % about 2 equival ents of

pol yneri zed fatty aci d, about x equival ents of nonohydric al cohol, and
about vy equi val ents of diamne, and x + y = about 2 so that essential ly
neutral products anderemoved foormiie readtiom mixture ak sson ashafmrmhahus drivingrthé eeactivinyto y
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an exenpl ary di anfHgodipster. 38 ‘L’ea“r BﬁrPﬂ&l‘o‘ﬁ’s"e WN!‘ cEesidue, thaiciphbe barmful to thee
di am ne conponent emmhmtsxatvhtmhmetndrmhmﬂacud atgechprintlgad. strai ght chain

and 1:12. gzdec%ei-n O PR RRT b e DRI b R8P VA

) 41am ne ene In IS
or aryl as in %yl Sredsuite %"‘“%“W ‘NE{ (K. aa #hparticular; a jet ink. Thus, the
pol y(al kyl eneoxy) didstemis acslid nbrmihel:emperatumand fobip bistecamelting ponil't>6f abolits40°€newn

as pol yet her di amigp sCe RSN bt o2 Bt AL hd kel pRALAAN oA s0°C

oxygen in the organic nol é e am ne grou s ar
Preferred di ani nel® bR W’o&n Zm%d'ﬁﬁﬂ'u%"ﬁ‘? B%t‘rbdﬁ‘F‘at”é‘l‘Pé“y §t§d?fsa‘§a“ about 300
1, 6- hexanedi am necentipbiyd ¢€cP) ati Bi0°CGe prefittatily 1¢s0 -thknc aboad 2000 ¢Pe at- 380°C, and more

To prepare thezosok,;e@lerg;l %anodcbofl |cp\é@§|§do@n t he pol ynerized fatty aci d,

T &l o O e s o Jmslrenin B o oM D Sn e
and heating rate timsniots not intgpferet withi| taink yor inislothea mipearhhe 6ff thal colvedit i of Gother
brobrios o | o't APy Mo R e E0AESE) el
measuring the aci S‘Bhl%%ﬁff‘“ﬂ!‘ré?c |ten viscosity of those sanples.
Upon heating, 2fater vapor Mﬁdthdnesgwm{\tbdmamnbﬁte acit-atelt finlc &dmpdsition B6nprising
?gt ngglelngeghe anglighigedbriiflg c6RAoeRamiC& thciter B ALRHBE Yoovk."Crnihihe YRR
component is a material that may be detected or observed by any means. A colorant is a
preferred image-forming component, where colorants may be visually detected by the
human eye, or by an optical character reading device. Both dyes and pigments are
30 suitable colorants, where extensive lists of specific dyes and pigments suitable for use in
the hot-melt ink of the present invention are set forth in both of U.S. Patent Nos.
5,286,288 and 5,122,187, where the disclosures of these two patents are incorporated
herein in their entireties.

Alternatively, the image-forming component may be a magnetic material

35 that can be scanned by a suitable reader, or a fluorescent material that can be detected
upon exposure to specific wavelengths of light. While in rare instances the carrier itself

may serve as an image-forming component, it is more typically the case that the carrier
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renoved fromthe reaction m xture as soon as it fornms, thus driving the
reacti-on to conpletion. A Dean-Stark trap is suitably used for this
pur pose. Al tRiowheye! V. the wat er vapor is renoved by mpaysewedssON of a
nodest vacuum of about 20-200 ntorr. A catal yst nay be
used to speed up the esterification or 5 l@ster/anidification reaction,
wher e-suitabl e catalysts are well known in the art and i ncl ude

sul furic acid, phosphoric acid and other inorganic acids, nmetal hydroxides
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err o abo rlc re prefe Q u rr 0
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about 300 betrmé¢lpink may be directed tpsither 3 qubstrase for erinting, of a sutterfamregyrling, 200
cP at- 140[ err] Gy adiiimem 'of aélectiObRfiCfiad throughSehidhBE clabied inklfieticlds nitfst pass.

Foast pirt al |y A wipipslestaive 5 R RoShiif i CoRpbloroe 4F Pl s, of frorganit
or mask the Hppesik anclisclsed fre el BrSirRatent Nn. 286,288,  Whendhe slegtrolyte is an
conmponent - i n t hghokgakic salt! dn@éctidlyte-salVatihg ki dissbeiatings tempbutd, idralbo didchsétin

oily, and are ngn-igcky. 25 . [ t of the
invention is a ﬁlft i@eﬂ#mf’ﬁ%prs%%l&spﬁslﬂgﬁ" Ehc?rl?ﬁtr'ﬁgl? ;r'n‘ge“‘“%&?‘g%" i mage-formn
conmponent and a di est er a@thewinsteiligets thap map be present iathe hpbmelf ik composition o
conmponent is a lifventaon inbidlle WYortiford OF & CorPskicl inkibits] Mi6€ldd) ylagtidizeRBradkifier A

001913, 1 A awlio e O G R RO N Sl <05 ™™
readi ng device. Both dyesHawmelpiinkneompositioas gf thespreseap liveptianomay, generaliyehee
extensive |ists ppdpafel@imply by cnibinisp e Beirew Migredienistta lfdrn  mixture,cand heating thd he
1oLl 1 0 O e P 8 S b bt BBl s e
patents are i ncankepmposition. A tempgrasine in thetrargerof aheut 98T¢ tasabout 150°C is typically
Al ternativelys ta3&ubidasacicve diHomogaeBEY Rilposifioh dfRr @ siviEE Gine Gf BB 5 isddondd
Lgﬁt bgag elt:) gcts gg%‘ %gouqyl OannSnH{ets.atﬂ i a{ls%aﬁjq%gible % n?eltf J)t\%oéo%?p%ﬁ&tt o'?%eefn\c%.g:[, Qf%[
carrier, and then add other components with stirring. When pigment is included in the
hot-melt ink composition, then it may be necessary to grind the mixture of ingredients to
effect a uniform dispersion of the pigment in the ink. Grinding may suitably be
30 accomplished with a ball mill or an atritor.

As used herein, the term "hot-melt ink" denotes an ink that is a solid at
room temperature and a liquid at the operating temperature of the printer employing the
hot-melt ink. Typical printers for hot-melt inks heat the ink to about 110°C to about
130°C. The hot-melt ink of the invention thus has a viscosity of about 1 centipoise (cP)

35 to about 50 cP at a temperature of about 75°C to about 175°C, more preferably has a

viscosity of about 2 cP to about 20 cP at a temperature of about 90°C to about 150°C,



upon exposure to specific wavelengths of light. Wiile in rare instances the
carrier itself may serve as an inmage-form ng conponent. it is nore
typically the case that the carrier WO 97/ 30129

PCT/ US97/ 01483 is a
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O her i ngredi ent Shemfoptagtsd “Btg ‘%ﬂ@t’é’éﬂ{]m?'ﬁmtr]ﬁ&mﬁ%f“?‘n@ this way Melts botepelink is

t he i nventi on i notansfereshte agravoreconintaglio grintingi platej imhess¢ntially thsi samiedmanner as

pl astici zer, taCHiqﬁid%ksa?@cur&h‘lNﬁﬁsﬁﬂ‘Ed o Srifihg plae. agent , ant i oxi dant,
rheol ogy m)dig er and W sttl. b| Lizer

conposi ti ons the present s PSR Plate b ‘9“%‘83'5”51% V"Bénk theremb 5 b'ﬁ? 83"l§§‘ft?‘flpl y
by combi ni ng t he withsa mratngrmereﬂottmsf@' ik torthg subsratgrie an imagetwise fashion. hEhe -

hmO?t lrjnra let with St I rsﬁbﬁgte% Qhich Eé@ﬁcﬂ?'a& %n{;eﬁra&ﬁne@ Wil ﬁﬁﬁﬂﬂ&g&% ifnﬂgbg\(/)dg? Od[fglraér ]hg
to about 150[ er r] f’é‘p?‘b‘&?’?’ﬁé??“s g% Eecf’g'egé?ﬂ té’aggﬂ’bﬁ%%geneou
conposition after a st i rri Age following mrsses’émhnasmeansoftﬂbxsmmtthmesem

mnutes. It ispalisRniidiSaidarEndt o BBLnsPORA a5 @RI thétkod. he i nk, e.g., the
carrier, and then add ot her conponents with stirring. Wen pignent is

I ncluded in the hot-nmelt ink conposition, then it may be necessary to
grind the mixture of ingredients to EXAMMIEE X uni form di spersion of the

pignent in the ink. Ginding naprEpARAABNYF PRCAFALEE DINERATENEd Wi th a ball
mll or an atritor.
25 Heating 21.4 g EMPOL® 1008 dimer acid (Henkel Corp., Emery Group,
Cincinnati, OH, ca. 72 meq acid groups) and 50.7 g UNILIN® 550 alcohol (Petrolite
Corporation, Polymers Division, Tulsa, OK, a mixture of alcohols having a vapor
pressure osmometry (VPO) number-average MW of 550 and an estimated functional
purity of 85% and a hydroxyl value of 76; 69 meq hydroxyl) to 220-225°C and holding
30 for 3 hours yielded a hard, brittle, off-white, tack-free, nearly opaque solid having a
softening point of 99°C and a viscosity at 130°C of 21 cP.



As used herein, the term"hot-nelt ink" denotes an ink that is a solid at
roomtenperature and a liquid at the operating tenperature of the printer
enpl oyi ng t he hot-nmelt ink. Typical printers for hot-nelt inks heat
the ink to about 110[err]C to about 130[err]C. The hot-nelt ink of
the inventi owdbmseidvas a viscosity of about 1 centipoise (cPr1/8Ss7omisabout
50 cP at a tenperature of about 75[err]C to about 175[err]C, nore

preferably has a vi scosity of about »2cP to about 20 cP at a
tenperature of about 90[err]C to about 150[err]C, WO 97/ 30129
PCT/ US97/ 01483 11 and

still nore preferably has a viscosity EXAMBLE2> cP to about 15 cP at a

t emperat ure of Fﬁgﬁg Rk b -

The hot-nelt ink g t eﬁoﬁ\j;)g%{%h&ﬁ%ﬁ'%e use t8£3ﬁ|foEH n (l)’r? HEXVG‘NEBIW ety

of substrates, which nmay be porous or non-porous. Exenplary substrates

i nﬁl ude ﬁ pl astics, pl adieating 5301 g EMPOL® l16G8sdimerdci] (ca.iB0aeq a6k and BLTg The
i nk may euedu%llﬁ i Syl ] [ nt ,
where these %ri n er@ggseo Elg?rlll%?gsgﬁ H@'&%agﬁ‘f?'ﬂj g'%ﬁeg&nl&rir%%wgﬁ'ﬂ?ﬁ@{g&

The hot - mel t i nhexamethyleasdiagine, HMPA, by GhemigalgMilwaulge; W1nA6 meqramineydo

aghi eve suclh p (r]I £20-2259C vintl thohlingofor 3ehdurs Wisldedra lhatd; Wttle, tank taRR-fide Skrarsiaeésht
above is nelted_J L o ed | # el » A printing
pl ate, which is‘@@ﬁf‘?gﬁé&\%‘b@%ﬁﬁfﬁ@ éwaﬁ‘gsr#ﬁé}yga[t&?ﬁé/ﬁgsrcgat er than or
about the sane as the nelting point of the hot-nelt ink, is t hen
contacted wiph the pool of nolten hot-rEXAMPLE3 In this way, nolten
hot-nmelt ink is r f en | nt ' Ay at e,
"o essental 1y« nEREARATRE Do BABKRREMB DG 1 8 Bk el
transferred to a printing plate. 15 The printing plate,
havi ng nol ten hot - nel t ir}keatiﬁ%;&?@gEMH)L@ﬁpO&diﬂkﬁfd@@a. 1.04m?qidc1§)an§zd_@r§grate
in order to tra t S e- e fashion. e
substrate, whi cﬁﬁl&gﬁi‘%’/g“’ 8aaf(?‘f°§/' af8 #‘g(&)éﬁre?‘; ﬁ?&é’%“é",@% ﬁ%ﬁn‘ﬁﬁs&i"&% MHMuce
cool i ng of tife (VPO) missberrayarage MW gh37% prd apestimated fungtiengl purityoofb@omed pi xed
to the substrat Bydroxyl value of 129; 52 meq hydfd}gl)f @id N0igAMDM (Y Meq ambep i 24001 t h
as a means of '#iyétagl??lg@ﬂxgtr@}ele%fsgﬁaheggslighﬂ)y §OH, 90018 ten, Tk erhRinRie

construed as a I'rmt 3 : . .
EXAMPLE 1 solid having an acid number of <9, pspftonimgmoiny obZ7°6) andjactiscpsitak 130°C of
DI MERATE 45 cP. . - .

20

EX 1E 4

Heating 28.3 g EMPOL® 1008 dimer acid (ca. 96 meq acid) and 194 g

Cachalot BE (1-docosanol, M. Michel and Company, New York, NY, 58 meq.), and 2.3

25 g HMDA (38 meq amine) to 220-225°C and holding for 3 hours yielded a translucent,
hard solid having a softening point of 73°C and a viscosity at 130°C of 33 cP.

COMPARATIVE EXAMPLE 1

30 A mixture of stearyl alcohol (Aldrich Chemical Co., Milwaukee, WI,
15.02 g, 56 meg hydroxyl), dimer acid (EMPOL® 1008, 31.76 g, 112 meq acid) and
HMDA (3.23 g, 56 meq amine) was heated to 223-228°C for 3 hours under a gentle
sweep of nitrogen. The product, cooled to room temperature, was a clear, nearly
colorless, soft solid with a greasy feel, a softening point of 75°C and a viscosity of 53 cP

35 at 130°C. These physical properties render the material unsuitable for use in a jet-ink



25 Heating 21.4 g EMPCL 1008 di ner acid (Henkel Corp.,
Enmery G oup, G ncinnati, OH ca. 72 neq acid groups) and 50.7 g UNILIN
550. al cohol (Petrolite Cor poration, Polyners Division, Tulsa, K a

m xt ur-e of al cohols having a vapor pressure osnonetry (VPO
nunmber - aver age W9i12850 and an estimated functi onal pur PEYUSY70883, and
a hydroxyl value of 76; 69 nmeq hydroxyl) to % 0-225[err] C and hol ding 30
for 3 hours yielded a hard, brittle, off-white, tack-free, nearly opaque
solid-having a softening point of 99[err]C and a viscosity at

130[err] C of 21 cP. o WO 97/ 30129

PCT/ US97/ 01483 because it is too soft to have adequate rub resistance, too greasylt® have adequate

EXAVPLE 2- afHEECRRAd kéMhard 1ot GliFaced Idlffd. DI MERATE MODI FI ED W TH

1, 6- HEXANEDI AM NE . . i 53.. . err,] 1008 di,mer
acid (ca. 180 nmeq acid) and® gg'l_l Qegpprgcfalﬁt%ﬁli’{%&gf'f'ecggggg%%ﬁﬁ 88 be
hydroxyl ), and 2. made to theembadiments deseabgdaabove withous dleparting from the broad inventive
hexanet hyl enedisanicoreptHiNerdof. Altdis utidlerétb&d)i tReabforeMkHanahi& B¥entidh, is 46t Rfeftd B

to 220-225C | di,na. fo ou Lel ded a,hard, brittile, tan.,
tack-free, transl %grglﬁ‘f i embo%%"bﬁ"?sdgiﬂcz‘{ff’%}"g 'ts'Bf'ﬁgﬂf’?]é" ﬁ%‘feﬁt’“‘ﬁ#éci'é‘%’Fé’f"F‘]“tmﬁnd
a viscosity at 13@pietadecese of theqwesentinvention as defined by the appended claims.

EXAMPLE 3 PREPARATI ON OF DI ( C26) ALKYL DI MERATE MODI FI ED WTH 1

, 6- HEXANEDI AM NE Heating 29.5 g EMPCOL[err] 1008 di ner
acid (ca. 104 neq acid) and 22.5 g UNILIN err] 350 al cohol (a m xture
of al cohols having a vapor pressure osnonetry 15 (VPO nunber-average MN
of 375 and an estimated functional purity of 85%and a hydr oxyl val ue
of 129; 52 meq hydroxyl), and 3.0 g HVDA (52 neq am ne) to 220-

225[err]C and holding for 3 hours yielded a slightly soft, flexible, tan,
tack-free, transl ucent solid having an acid nunber of <9, a softening
point of 77[err]C and a viscosity at 130[err] C of 45 cP. 20

EXAMPLE 4



Heating 28.3 g EMPOL 1008 dinmer acid (ca. 96 neq acid) and 19.4 ¢
Cachal ot BE (1-docosanol, M M chel and Conmpany, New York, NY, 58 neq.),
and-2.3 25 g HVDA (38 nmeq anmne) to 220-225[err]C and hol ding for 3 hours

yi el ded a transl ucent, hard solid having a softening point of 73[err]C
and a Vi scosivigyogde12b30[ err] C of 33 cP. PCT/US97/01483
COVPARATI VE EXAMPLE 1 30 A m xture of stearyl al cohol
(Al drich Chenmical Co., MIwaukee, W, 14 15.02 g, 56 meg hydroxyl), diner
acid (EMPOL[err] 1008, 31.76 g, 112 neq acid) and HVDA (3.23 g, 56 neq

am ne) was heated to 223-228[err]C for 3 hours under_Lgentle\sl\/\Ep of
nitrogen. The product, cooled to roomt ature, was a clear, nearly

colorless, soft solid with a greasy feel, a softening ) C and
a viscosity of 53 cP 35 at 130[err]C. These physi cal ”mm;m"ﬂmgmﬁm#r t he
mat eri al unsuitable fhbelaime in a jet-ink WO 973029 H s

PCT/ US97/ 01483 13

because it is too soff to t b, resistance 00 .gr,easy .t.0 have
adequat e adhesi on?' andk ?s\égd giger%%“lta.%g%éﬁ}é by, Fpaging aﬁ?‘*{e lpiyglents of liqui

It will be ®plymetzedifatty apid with shout xequivalentsofiGre monohydrig:lineds prigary alenhibbiande
made to the aBsiR9EqiRiltdts OEdishing SeherddEy s #ubleaboud 2RA Viig®rofdbeie It he br oad
inventive 5 concept thereof It is understood, therefore, that this
invention is not limted to the articul ar enbodi ments di scl osed, but

it is intended to covar nobhefdiestariof slainiltHaving tataelting paipt of] aboutrD € o mboutf

t he present jisgeeenti on as defined by the appended cl ai ns. WO

97130129
PCT/ US97/ 01483 14
3. The diester of claiml having a melting point of about 60°C to about
130°C.
4 The diester of claim 1 having a viscosity of less than about 300 cP at
150°C.
5. The diester of claim 1 having a viscosity of less than about 100 cP at
130°C.
6. The diester of claim 1 having an acid number of less than about 20.

7. The diester of claim 1 wherein the polymerized fatty acid has an acid
number of about 180 to about 200.

8. The diester of claim 1 wherein the polymerized fatty acid is
hydrogenated polymerized fatty acid.

9. The diester of claim 1 wherein the polymerized fatty acid contains less
than about 10 weight percent trimer acid and greater than about 90 weight percent dimer acid.

10.  The diester of claim 1 wherein the diamine has the formula H,N-R-NH,,
wherein R is selected from C; to about C3s hydrocarbon and C; to about Cj

poly(alkyleneoxy).



d ai ns | claim A solid diester

prepared by reacting about 2 eunpol ynmerized fatty acid

wi th about x equivalents of Clerr]+ m)nohi%\ﬁ}1 ear primary al cohol and

about .y equi val ents of d| am ne, m\m to about 2 and y is O to
about 1. WO 97/30129 : The m arm | haV| ng @aNAIse7md830i nt

of about 40[err]Cto about 150[err] T ¢ . The di ester of
claim'l having a nmelting point of about 6Qferr]C to about 130[err] C.

4, . The diester of claim1l having a viscosity of |ess than about 300 cP
at 150[err]C. 5. The diester of claim1 having a

viscosity of |ess thanlhbouTheldiéter Bf @lain 30 imrein the diamine is selected fronfthe grouphe
diester of Clcahibg BPethyiéhehridfd, 8 sitiRRbiafinelafid 9,16 Hathn@ifishe 20

7. The diester of claim1l érein the po yrrerlze yaC|d has an acid
nunber of about 180 to about 200. : The diester of claim
| wherein the poI yneri ¥2d fHetdjestec iofl claimn hwllereiyehamoﬁbhydﬂig/ﬂwHotﬁsk d0edot about
acid. - carbon atoshs. The diester of claim1 wherein the polymerized
fatty acid cont al ns ﬂess t han about 10 wei ght percent triner acid and
greater than about 90 wei ght percent diner acid. 10. The
di ester of claim1 whet®in Theediestexrofrudaitals whéreinfthé monahykdkie raldohbiRs MHiiGid &5

wherein Ris i gxﬁgﬁg\%&m biER B0 QY arthE hlhbd b HRCRES R adlfhgg e 1 to

about Cferr] po

14 The diester of claim 13 wherein the blend has a hydroxyl number of
about 70 to 130.
15.  The diester of claim 1 wherein y is less than about 0.33.

16.  The diester of claim 1 wherein y is zero.

17. A hot-melt ink composition comprising an image-forming component
and a diester according to claim 1.

18.  The hot-melt ink composition of claim 17 wherein the image-forming
component is a colorant. '

19.  The hot-melt ink composition of claim 17 having a viscosity of about 1
¢cP to about 50 cP at a temperature of about 75°C to about 175°C.

20.  The hot-melt ink composition of claim 17 having a viscosity of about 5
cP to about 15 cP at a temperature of about 110°C to about 130°C.

21. A method of printing comprising the steps of mixing an image-forming
component with a diester of claim 1 to prepare a hot-melt ink, storing said hot-melt ink in a
molten state within a printhead designed for hot-melt printing, and ejecting molten hot-melt
ink from said printhead onto a substrate.



WD 97/ 30129
PCT/ USS7/ 01483 15

11. - The diester of claimi1 V\herel(mml]ﬂuﬂlmntulm sel ected fromthe group
consi sting of ethylene dianine, 1,68 ( L nd 1, 10- decanedi ami ne.
12. The di ewobarsmts cl ai m 1 wherein tfie fronbhyldri‘c al cohol Hramsifomsss about

26 carbon atons. 13. The diester of claiml1 wherein the
nonohydri ¢ al cohol is a blend of nonohydrig al cohols, where the blend has a
hydr oxyl nunber of about 60 to about 180. 14. The di ester

of claim 13 wherein the blend has a hydroxyl nunber of about 70 to 130.

15. _‘I'Ee gi ester of Qilz.ai MAmethed 6ff pringing Sorhmiihg theostepslud wiixifg 313ima_§e-forming

16. . The di . iy . 2| i r . . o A

ot el t 1 nicobiphesd itk e SR 1o pleBorf &' melt nk. meling the hof-filt ok o

di est er accTERaR) molien: jnk; gorgacting a gravure or intaglipgprinting’piate, piith rthe moltek ink to

(i grrposil_';] [ OE pif:viﬁsf aipiinfig plagy Raving! :helténniﬂlﬁal_\érwnl,liaﬁtﬂ titangontacig ih%_]?inﬁﬁ Q,la?eﬂti
) e - S ou

TP 10 abodivi viqef ik ATFRAR R uirat!ed bk sl Weiiind fiai 1o 15

20. The howubsteate. j nk conposition of claim17 having a viscosity of about
5 cP to about 15 cP at a tenperature of about 110[err]C to about 130[err]C.

21. A et hod of prigting rl.S4 the s f 1 xing. .an i e-formj ng
conponent with a di es?é‘r. offg@eﬁtfpﬂf)?pﬁ&_@p%g@'sda&ﬁ%&?ﬁ s’i“ﬁl{earégg%ra{’%rgsai d
hot - mel t i nkequivaigntyof liquid polymerizeg fatiy acid with ahewtecrguivalenty nf€20f mondhytirieriinear
printing, anshnirgslolivd afPhbioRny BQivaleis of didmihé, Wefedby iPequal REARUOP BRI Ris 0

substrat e. to about 1.

24.  The process of claim 23 whereiny is 0.

25.  The process of claim 23 wherein the diamine has the formula H,N-R-
NH,, wherein R is selected from C; to about Cz; hydrocarbon and C; to about Css
poly(alkyleneoxy), and the monohydric alcohol has 20 to about 26 carbon atoms.
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A 22. A nethod of printing conprising the steps ofpae ot

m xi ng an i mage-form ng conponent with a diester of claiml1l to prepare a

hot -~ el t

ink, nmelting the hot-nelt ink to prepare nolten ink, contacting a

gravure or intaglio printing plate with the nmolten ink to provi PR

printing plate hay nmolten ink thereon, and then contacting .t

pl ate havi'ng nol t bRk t her eoN P P ik e "1V EA M sf er an
the printi nqﬁﬁﬂ&ﬁ@ﬂﬁﬁéﬂfb&%&mﬂm NDER Tﬁgpém@ﬁnlll ‘m&QﬁéAfp cn,

prepasin

polymeri
primary
about - 2

i 3 ';‘;t"t“?“%m Clapsispptiontds it x eqw v a(lbmtmwnﬂ@[-mit]n Newbrohy dr | WM&QH?/
| coPOD M3, HSUt y equi val ent Ab «glh%p‘)w%m LKLY 1S, 3&“‘?1”4&9%”’

and Vi is 0 to about 1 racess O

w_her_ei A %mas 't"%"“?"s ArFﬁlfuuoT-fermj N- R— cﬁﬁfﬁ’?‘r \/qﬁlﬁﬁéﬁ-rm %ﬂﬁséﬂﬁgﬁﬁfé?{%’m

di am ne

t o about

G2GnteryaipreCillinbBate: and  Vevargldw @7ak8a@0t  C[ MG NL,¥0I5PX al kyl eneoxy), and

t he nonoljydric al cohol has 20 to about” 26 darbon at ons.
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(57) Abstract

Solid diesters for hot-melt inks are prepared by reaction of polymenzed fatty acid with long chain primary monohydric alcohols,
optionally in the presence of diamine. The long chain alcohols have at least about 20 carbon atoms, and preferably have 24 or more carbon
atoms. The esterification of liquid polymerized fatty acid with monohydric alcohol provides a diester that is solid at room temperature and
has a melting point of less than about 150 °C. The diester can be formulated with colorants and/or other image-producing materials to
provide an ink for hot-melt printing, e.g., hot-melt ink jet, gravure or intaglio printing.




