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.1. Field of the Invention
The present invention relates to polyamide resin-based printing compositions,
and in particular to printing compositions useful for hot-melt printing inks.

_2 Brief Description of the Prior Art

Ink-;et printing is a non-contact pnntlng process for the pnntmg of many
substrates such as paper, films, foils and the like. Certain ink-jet printers are
designed to use hot-melt, also known as "phase-change," inks. One requirement of a
hot-melt ink is that it be in the solid form at room temperature and in the liquid form
when contacted with the elevated operating temperatures maintained in the printhead
of a printer employing hot-melt inks. In printing that employs hot-melt inks, moiten ink

is ejected from the printhead and upon hnttlng the substrate, cools, and solidifies, and

adheres to the substrate.
Hot-melt inks and components for hot-melt inks are disclosed, for example in
United States Patent 3,653,932, which teaches the use of didodecyl sebacate as a
carrier for the ink.
_ United States Patent No. 4,830,671 to Frihart et al. discloses a composition
for use in hot-melt ink-jet printing applications. The ink compnses a colorant and a

resinous binder prepared from polymerized fatty acid, a diamine and a

monocarboxylic acid.

United States Patent No. 4,889,650 to Jaeger et. al. also relates toa hot-meit
printing composmon ‘The Jaeger ink comprises a colorant and a mixture of two fatty
amide materials in whlch the fatty amide materials are comprised of a tetraamide
compound and a monoamide compound. The Jaeger ink is capéble of producing thin
films of uniform thickness with a high degree of lightness and chroma and which _ére _
rectilinearly light transmissive.

~ United States Patent No. 5,085,089 also to Jaeger et. al. discloses modified
hot-meit ink compatible colorants which are comprised of a hot-meit ink-soluble
complex of a tertiary alkyl primary amine and dye chromophores. The dye
chromophores are materials with at least one pendant acid group in the free acid form
and which absorb light in the visible wavelength region to produce color. The
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when contacted with the el evated operating tenperatures nmaintained in the
print head of a printer enploying hot-nelt inks. In printing that

enpl oys h r?gJ%;”I nks, nolten.ink 15 is ejected fromthe W&I%d%ﬁﬂmnd
adhe

upon hitti € substrate cools, and solidifies, and res to the
substrate. Hot-nmelt inks and conponents for hot-nelt inks are
di scl osed, for exanple in : United States Patent 3,653,932, which
teaches the use of didodecyl sebacate a$ a carrier for the i nk. 20

United States Patent No. 4,830,671 to Frihart et. al. discloses :
conposi t i cyemposition alsercondains fattmmlﬂepentawmq @@tepalmmnmgeaeba .dmra_% The
i nk conpri ag& nous -bi.nder prepared from

pol ymer i zé@ﬁ%ﬁ&%ﬁéﬁgﬁd ¥| 8 moaoérﬁﬁb nonocar boxyl i ¢ -aci d.

United States F’Hleemeat\p’omrtlaa@f Mmuemgomreart and.allgf the arddisclosed to o

o o m xS esesfpLhorpf(RaBBICu8s dathed Meiiioparition AR iRETF 2, °7) I AN (o
materi & s momcadmxyltsadd-dtémmated rasins. Nowhere is _mqrmptmmtorramtuq\ taugbtas de
ﬁ(rjlirrtpglrjrr:tdt h‘rTsaE‘Hi%'?%r Eﬂtnﬁk H?ﬁﬁacpigglr geo_]of IoIr ?gﬁtchggst glng .chr. ona LInldrrBV\hiOfch are |
rectilinearly |Agomberofpatentsiirvthe pridd art, including United State€Patends Pat ent  No.
conpat i bl <281 47 8E0A0% ¥ 3074 anP A 8831 Bicios® g propystioritiigt | | ™
conpl ex of maletalai waight ﬁolYafhldﬁﬁ fronT eqtﬁmolaeamodntdpe diah'rimrapdh diacidl. THesedye
chronophores are materi al th at | east .one pendan in.the free
aci d & m polyamides passess ifi ﬂ‘ﬂ’? ﬁ?sqcﬁ af‘ﬁ Er?/'i'iq I"% khﬁa&@ﬁ%‘ﬁ'@f‘ﬁfr egi on
to pr oducemﬂa{_or. The _ ‘
United States Patent 4,066, 585 discloses polyamide resins suitable for use in
' hot-melt ﬂexographlc anhd mtagllo inks compnslng polymenzed fatty acrd a
monocarboxyhc acid and a diamire or alkanolamine: ' '
15 United States Patent 3,595,816 to Barrett discloses adhesive polyamide
compositions in which hydrogenated dimer acid is reacted. mth amine, wherein from
90-100 equivalent percent of the amine should be dtamlne The remainder of the
amine may optronally mclude monoamine.
Umted States Patent 4,816,549 to Rumack discloses a polyamide resin
20 composition which i is made up of from 5-35 equnvalent percent of a monoamine, 65-95
‘equivalent percent ofa diamine (some of whlch must be 1, 2-d|am|nocyclohexane) 75-
100 equivaient percent of a ‘diacid formed from polymenzmg fatty acids, and 0-25
equivalent percent of an aliphatic or cycloaliphatio diacid. The monoamine terminated
compositions are disclosed as being useful as binders in solution printing inks -
25 Dbecause they are soluble in toluene. - '
U.S. Patent 2,272, 466 discloses a process for the preparatron of polyamides
or, more specifically, diamides. The process compnses condensing a selected
pnmary or secondary amine with a cyclic dncarboxyhc acid such as terephthalic acid or
|sophthaluc acid, where the dlcarboxyhc acid is characterized as belng unable to form
30 an intramolecular anhydride linkage. |
There continues to exist a need in the art for hot-melt ink components having
the proper combination of melting point, melt viscosity, clarity, inertness, compatibility
with other oomponents and adhesnve propemes whlch meet the commercial demands
is Sheet Has Been Re laced -
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REPLACEMENT SHEET 2
conposi tion also contains fatty am de containing naterial conprised of a

di mer aci-d wo96099tked tetraani de and optionally,. a nonoani dPCT/USIS/11388

The great proportion of the amde resin prior art, ‘and all of the art

di scl osed to be useful for hot-nelt ink appllcatlons, teaches the
preparation and use of 5 nonocarboxylicagacid-term nated resins. Nowhere is
nonoamn ne term nati on taught as useful for hot-melt ink use.

2, 597 a70.  PBGHESH Bigs8 pialfgie' Abedbly tot B dpPnoRboRls Shfifed AN |
hi gh npdiyethylene, \mlglsterapamq'anlyslyﬂenbrﬂlms eqw nmol ar anmounts of di am ne and

diacid. These 10 polyanm des possess filmform ng characteristics and are
useful in the production of nyl on. ' United States Patent

4,066, 585 di scl oses pol yam deM’ ARYDff THE INVENTIONe i n hot - mel t
flexographi ¢ andy DL AgEhOnvehiion i BRddisd RpINaniEE redis SomBbéitorihdudifg
novel polyamides. The novel polyamides are prepar_ed from a reaction mixture
including monoamine, diacid, and a' third reactant selected from diamine,
aminoalcohol, and mixtures thereof. The presént invention is further directed to hot-
melt ink compositions that incorporate the polyamide resin compositions of the
10 present invention. |
The polyamide resin composition has a low viscosity at the elevated operating
temperatures of pﬁntheads employing hot-melt inks. The polyamide resin composition
of the present invention has a melt viscosity at 130 °C of less than about 500
centipoise, preferably less than about 250 centipoise, and more preferably less than
15  about 100 centipoise. The polyamide resin composition is solid at room temperature
and liquid at the printhead’s operating temperature, and so preferably has a melting
point within the range of 50 °C and 130 °C. : The polyamide resin. composition has a
low average molecular weight, preferably a number average mo_lecular weight less
than about 2500. S
20 The polyamides of the present invention have the formula:

NH _R XY R
YR
. 0 ©

wherein

R, is selected from monovalent C;-C2; hydrocarbyl;
25 'Rq is selected from divalent Cy-Ca hydrocarbyl;
Rs is a divalent C,-C3s hydrocarbyl;
nis an integer from 1to 10 (to prov:de 11010 units), and preferably 1to4 (to
provide from 1 to 4 umts), and
Xand Y are independently selected for each unit from (1) X = NH and Y = NH;
30 (@X=NHandY=0;and(3)X=0andY =NH. '
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nonocar boxylic acid and a di am ne or al kanol am ne. 15 United States
Patent 3,595,816 to Barrett discloses adhesive pol yam de conposi tions
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90- 100 equi val ent percent of the am ne should be diam ne. The renai nder of
t he am ne may optionally include nonoam ne. United
States Patent 4,816,549 to Rumack di scl gses a pol yam de resin 20
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addition, they afford inks with good adhesion and .ecu_ft cesis_t_a_nce when printed on '
various substrates. The polyamide resin compaositions of the present invention are
non-volatile and stable to long-term heating.,

15 " DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The polyamide resin compositions of the present invention include low

molecular weight, low vjseesity polyamides prepared by the condensation
polymerization reaction in_c_:lu_ding, and preferably consisting essentially of, e_
monoamine, a diacid, and a third reactant selected from diamines, aminoalcohols, and

20 blends thereof. These low viscosity, low molecular p__o_lyamiglés are solid at room or

~ ambient temperature (20-25 °C) and have a melting point of from approximately 50 °C

to about 130 °C. The melting point is below the optimal operating temperatures of
hot-melt ink-jet pnnters The polyamlde resm composntuons when heated to about
130 °C, exhibit a low wscosuty suitable for formulatmg hot-melt inks useful in ink<jet

25 printing. The polyamlde resin compositions have a melt viscosity at 130 °C of less
than about 500 centipoise, preferably less than about 250 oen_tipoise, and more
preferably less than about 100 cenhpouse _ .
_ Monoamines useful in the practlce of the present mventlon are preferably of
the formula

30 . . R1-NHz _
where R1 is monovalent C1-sz hydrocarbyl radical. Preferably, R, is C,-Cn alkyl
more preferably C14-Cz alkyl, and still more preferably Cu alkyl that is, stearyl.
Specific suitable monoamines mclude, but are not _Iumlted to: methylen_une_.
ethylamine, propylamine, butylamine, amylamine, 1-metho>g-2-*aminopropane,
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REPLACEMENT SHEET 3

pl aced on these materials, especially for printing on non-porous substrates
such as  ‘WOBEM9L hyl ene, poI yesters and pol ystyrene filns. PCT/USIS/I1388
SUMMARY OF THE | NVENTI ON 5% The present invention is directed to

pol yan de resin conpositigns including novel .pol yam des. The novel

pol yam des are prepared froma reaction & xture I ncl udi ng nonoam ne,
diacid, and a third reactant selected from di am ne, am noal cohol, and

m xtures t hixgrRmine| fs?eat?ﬂammét heptyRAfine ractyﬂfarﬁmétmymhuﬁecmynahm‘é10t -

nelt ink corrp05|t|ons | ncor porate P yam de resin conpositions of
the 10 présiegylaming. dedesylamine, tndecylamlnqh‘b- %@dﬁﬁﬂﬁ'ﬂ@er d-dyexadesy|amine. on has

a | ow vi SC%&c?fan{iﬁ@ bghgﬁﬂ;ﬁge%rmmemoft enperatures of printheads
enpl oyi ng hot I'nks. The pol yam de resin conposition of the

present inventi obespndagy MQG'WT\Q%QEH b9 usied indhe peacticeobhis isventionahowensi: - 500
centi poigSe, sk G5 heherklly affords BoRamiivsiwhicPare bt &Y stinevitiit ﬁ&&ﬁnﬁﬁﬁﬁ erably

ess than them less desirable for use as the major component in a hot-melt printing ink. A minor
amount of a slightly tacky resin can be useful however in some hot-melt printing ink
formulations. Secondary monoamines generally take longer to react in the formation
of the polyamide in compérison to primary monoamines, and are therefore less
10 preferred. |
Diacids suitable for use in the present invention include dicarboxylic acids of
the formula:
- HOOC--R~COOH .
where R; is a divalent C+-Cy4 hydrocarbyl radical. Preferably, R; is a divalent
15 hydrocarbyl chain having from 1 to 34 carbon atoms, and preferably is selected from
' divalent aliphatic chains of 1-34 carbon atoms, divalent cycloaliphatic chains of 3-34
carbon atoms, arylene chains of from 6-34 carbon atoms, alkarylene chains of from 7-
34 carbon atoms, and alkarylalkylene chains _of_ from 8-34 carbon atoms. More '
preferably, R, is selected from divalent branched Cs, aliphatic radicals from Cas dimer
20 acid, and divalent linear C¢-Cyp aliphatic radicals. | ' .
Suitable diacids useful in the practice of the present invention mclude but are
not limited to oxalic acid, malonic acid, succm_lc acid, methylmalonic acid, fumaric acid,
maleic acid, acetylene dicarboxylic acid, glutaric acid, ethylmalonic acid,
dimethylmalonic acid, methylsuccinic acid, citraconic acid, glutanconic acid, itaconic
25 acid, mesaconic acid, adipic acid, 2,2-dimethylsuccinic acid, 3-methyiglutaric acid,
hydromuconic acid, pimelic acid, butylmalonic acid, diethyimalonic acid, 2,2-
dimethylglutaric acid, 2-ethyl-2-methylsuccinic acid, 3-methyladipic acid,
cyclopentanedicarboxylic acid, suberic acid, cyclohexanedicarboxylic acid, isophthalic
acid, terephmalié acid, azelaic acid, 5-norbomene-2, 3-dicarboxylic acid,
30 cyclohexylisuccinic aqd benzyimalonic acid, phenylene diacetic acid, phenylsuccinic
acid, undecanedlo;c acid, 3-phenylglutanc acid, 10—decanedlcarboxyhc acid, traumatic
acid, 4-pheny|ened|prop|omc acid, naphthalene dicarboxylic acid, 11-
undecanedicarboxylic acid, 12-dodecanedicarboxylic acid, 4-biphenyldicarboxylic

acid, diphenic acid, hexadecanedioic acid, dimer acids, and mixtures thereof.

This Sheet Has Been Rei
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5 dimeracidsis revnewed in R:.W. Johnson, et al., "Polyamides From Fatty Acids," '
ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING, Vol 1 (John Wnley & Sons
‘New York, 1988), pp. 476-489. '
It is preferred that the diacid comprises from about 70 to 100 equwalent -
percent of dimer acid and from about 30 to O equivalent percent of a linear dlacud.
10 Linear diacids which can be used in the present invention mclude sebacic acld
azelaic acid, adipic acid; and 1, 10-decaned|carboxyhc acid.” S '
~ Preferably, the reaction mixture is substantlally free of monoacid, although
minor amounts of monoacid may be present in the diacid component as a
contaminant. ' o '
15 Preferably a diamine used in the present invention is selected from'
compounds having the formula
| | ‘HN~Ro~NH;
wherein R; represents divalent C>-Css hydrocarbyl or a divalent poly(alkylene oxide)
moiety containing between 4 and 38 carbon atoms and from 1 to 17 oxygen atoms.
20 Preferably, R; is selected from alkylene chains with up to 36 carbon atoms,
- cycloalkylene chains from 6 to 38 carbon atoms, alkylarylene chains with from 7 to 36
carbon atoms, or 'poly(ethyle'ne' oxide) and -poly(propylene oxide) and poly(butylene
oxide) moieties having molecular weights between 200 and 400. More preferably, R
is divalent linear C-Cs aliphatic. o '
25 ‘Suitable diamines ihclude,‘ but are not imited to, ethylenediamine, 1,2-
diaminopropane, 1,3-diaminopropane, 1,4-diaminobutane, 1,2-diamino-2- -
methylpropane, 1,5-diaminopentane, 2,2-dimethyl-1,3-propanediamine, 1,3-
diaminopentane, 1,6-hexanediamine, 2-mothy|-1',&bentonediamine, 1,2-
diaminocyclohexane, 1,4-diaminocyclohexane, 1,7-diaminoheptane, 1 &diaminooctane,
30 2 5-d|methyl-2 5-hexaned|am|ne meta-xylenednamme Jeffamme® EDR-148 1,9-
: dlammononane Jeffamme® D-230 1, 10-d|am|nodecane 1 &dtamuno—p—menthane 1,8-
dlamlnonaphthalene lsophoronedlamme 1, 12-d|am|nododecane and mixtures thereof

~In addition to diamines i |n whlch both the amlno groups are pnmary ammo,
dlammes in which one or both of the amino groups isa secondary ammo can be



4 The pol yam des of the present invention are prepared by the

condensati on pol yneri zation reaction of a nonoam ne, a diacid and a
third reactwowésedect ed from di am nes, am no_al ,cohol s an®aIvEsIy11388
thereof. The relative ratiés..of nonoam ne, diaci di and third reactant

are selected to provide theidesired nelt viscosity. and physical 5
properties. Preferably, the nonoan ne, dizacid, and third reactant are
react ed toget her in a nmolar ratio of about 1.6 - 2.4 to 1.6 - 2.4 to

0.8 - 1.2, érﬁ@lgg&i ithRL %fgé‘af ﬂ’gshmvé’rgtteoi'\e S?nlg'lgﬂry E%a@fé&ﬁ?g‘@&}f&tﬁg iag\il?%d

third reactan re rea I'n a
about 2 to groupis 4 se¢cdnsiary ammatnantbeZamﬂoyﬂ inithe practicesof this invention, The

o Bl B il b e KB RS Ml et R o g °
i nk jet pri mslgndlptoduces a prddumlwhich is Isoftercdridatackien kan exanpig ot e diaihneJ on
and SCUlE G R T W Bl oy, J e Sy, H Saton
to aminoalcohols in which the alcohol group is a primary alcohol group, aminoalcohols
in which the alcohol group is secondary can be employed in the practicé of this -
-invention, although longer reaction times can be expected.
Preferably, an aminoalcohol used in the present invention is selected from
10 compounds having the formula '
' HzN-Ra-OH
wherein R; represents dlvalent C2Cas hydrocarbyl Preferably, R; is selected from
alkylene chains with up to 36 carbon atoms,.cycloalkylene chains from 6 to 36 carbon
atoms, divalent aryl radicals, and alkylarylene chains with from 7 to 38 carbon atoms.
15  More preferably, R; is divalent linear C»-Cg aliphatic.

Suitable aminoa_lcohols include, but are not limited to, ethanolamine, 4-
aminophenol, 1-amino-2-propanol, 3-amino-1-propanol, 2-amino-1-butanol, 4-amino-
1-butanol, 5-amino-1-pentanol, and the like.

_ Whichever monoamine, diacid, and third reactant are utilized, it is preferable
20 that they be combined in a molar ratios of about 1.6-2.4 moles monoamine: 1.6-2.4
moles diacid: 0.8-1.2 moles third reactant. More preferably, the molar ratios of
monoamine, diacid, and third reactant are about 2:2:1, respectively. By using
approximately two moles of monoamine for every two moles of diacid, it has been
found that a very low number average molecular weight polyamide can be produced
25  which effectively contributes to the low melt viscosity useful for the ink compositions of
the present invention _ ‘

" An alternative convention to characterize the relative amounts of monoamine,
diacid and third reactant to employ in. preparihg the polyamides of the invention is
based on reactive equivalents. Monoamines have one reactive equivalent per

30 molecule. Diacids have two reactive equivalents per molecule. Diamines and
aminoalcohois have two reactive equivalents per molecule. Thus, it is preferable that
the monoamine, diacid and third reactant be combined in reactive equivalent ratios of
about 0.8 - 1.2 equivalents monoamine: 1.8 - 2.2 equivalents diacid: 0.8 - 1.2 |
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present invention are preferabl

acid, multiplied by 100, gives the equuval'ent percent of third reactant present Thus, it
is preferable that the monoamine, diacid, and diamine be combined such that there
are from about 40 to GQ_equivaIent- percent monoemine; 100 equivalent percent diacid
(treating monoacid impurity in the dimer acid asif it were diacid), and 40 to 60
equivalent percent third reactant. . ' :

_ Preferably, the hot-melt ink.compositions of the present invention are prepared
by standard condensation polymerization techniques for reacting, in moiar ratio, two
moles of monoamine, two moles of diacid; and one mole of third: reactant. More
preferably, the polyamide resin is prepared by condensing, i_n-a:mblar ratio, two moles
of the monoamine stearylamine (octadecylamine, CisHaoN), two moles of the diacid
known as dimer acid (prepared by the polymeﬁ;ation of unsaturated fatty acids
available, for example, from tall oil), and one mole of the.diamine ethylene diamine.

The condensation polymerization reaction may either be carried out on a step-
wise addition basis where, for exemple, the monoamine is -adde_d'-toWards the later
part of the reaction, or all the reactants can be mixed together at one time. 'Preferably
the reaction is carried out on a step-wise addition basis because if all the reactants
are mixed together at one time there will sometimes-occur a sudden and vigorous
expansion of the reaction mixture,-preeuma_bly due to the sudden releaseof a
substantial amount of water formed during the reaction. -

in a typical procedure, 100 equivalent percent of a selected diacid is charged
to a reactor and heated to about 70 °C. With stirring, 50-equivalent percent of a
diamine, aminoalcohol, or biend thereof is added dropwise, while the temperature
increases to about 130 °C. The temperature is gradually increased from 130 °C to
about 160 °C while the bulk of the water of reaction is distilled. The temperature is
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5 hexyl am ne, stearyl am ne heptyl ani ne, octylam ne, nonyl ani ne,
decyl am ne, undecyl am ne, dodecyl‘am ne, - tri decyl am ne,

-t et r adecwiongiosss2 1- hexadecylan1ne octadecylanine bdeannﬂmn and
‘m xtures thereof. Secondary nonoam nes can be used in the
practice of this inventior; : however, 5 their u$eigenerally affords

pol yanm des which are soft and sonemhat gacky, naklng them | ess
desirable for use as the :mjor conponent in a hot-nelt printing ink. A

Ot AR 8 abbbetig A5y ERA ) o rd RBY b HLEYTfed 1 o
t ake | ongebeenccoliected, the préduct mixtereiis cooled to béloWhlfson'GI amiS0lequivalestnpar i son
L YRR i s et 0 bk e el BBt b0 o
aci ds of °C until substantially all the water of reactlon has been collected. Thenasmall
5 amount of catalyst, such as phosphoric acid, preferably from about 0.01 to0 1.0 -
percent by weight, is added and the reaction mixture taken under vacuum for 2-3
hours at temperatures between 220-250 °C. This vacuum step removes condensation
water and any unreacted volatile starting materials and tends to drive the reaction to
completion. The extent of completion of the reaction may be observed by drawing
10  aliquots of the reaction mixture and measuring the acid and/or amine numbers of the
reaction mixture and comparing the measured values with those calculated by theory
for the fully reacted polyamide resin. The product is then cooled and discharged from
the reactor. |
To assist the condensation reaction, a catalyst, such as phosphoric acid, may
18  be added to the reaction mixture in catalytic proportion. The catalyst employed in the
condensation reaction may be charged to the initial reaction mixture or added slowly
just prior to the point at which the reaction rate siows. The preferred concentration of
the catalyst in the reaction mixture is within the range of from about 0.001 to 3 weight
percent, more preferably from about 0.01 to 1.0 percent by weight of the total
20 materials charged. - '

' Preferably, in order to avoid undue discoloration of the polyamide resin
product, the condensation reaction and subsequent formulation mixing is carried out
in an inert atmosphere, such as provided by carbon dioxide, nitrogen or argon gases.
During the course of the condensation reaction, amidization occurs with the formation

25 of linear oligomeric molecules and water. The formed water is advantageously
allowed to distill out of the reaction vessel as the condensation reaction occurs, thus

~ favoring completion of the condensation reaction. Distillation of the water from the

reaction mixture may be assisted by allowing a siow stream of inert gas such as
nitragen to be bubbled through or over the surface of the reaction mixture. Although

30 not necessary, an inert organic solvent such as xylene may be added to the reaction

' mixture in small proportions to assist in the removal of water by azeotropic distillation.
Generally, the amount of such inert organic solvent should not exceed about 10
percent by weight of the reaction mixture. The heating of the reaction mixture may be
carried out until there is no longer any evolution of water of condensation, indicating
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and carry out the polymanzation _

The polyamide resins of the present mvention are substantially neutral. Their
acid and amine numbers are genera!ly each less than 20.-

The polyamide resin composmons produced according to the practice of the
present invention have relatively low m,elltung.p.o_l_n_ts and low melt viscosities. Diluents
such as monoamides, bisamides, esters and alkanol esters may be added to further |
lower the melt viscosity. These also méy aci as solvating agents for the dye or
pigment which is responsible for the colar of the hot-melt composition. The ink
composition is prepared by physically hlqngjing_together_ the components, including the
polyamide resin composition of the pre_sent_-tiny,ention and a suitable colorant, into a

'substantially homogeneous mixture. The components can be mixed into a finely

25

divided state and then the mixture meited to complete the blending of the

components.. It has been found that it is preferable to initially meit the polyamide resin

30

and then blend each of tha additives intb it. The resulting molten mixture can then be
readily mixed and cast into an appropriate size and shape upon cooling for use in hot-
meit ink-jet printers. : o

It is necessary that a hot-melt ink be of suft” iciently- Iow vuscoslty atthe
operating temperatures maintained in the printhead so that the ink can be jetted from
the printhead. While hot-melt inks generally exhibit lower _visccéity with increasing
temperature, and thus typically have a desirably low viscosity at some temperature,
the design of the printhead sets one.-p_ract_ical limit on the .temperature at which the ink

o ThlS Sheet Has Been Reilaced
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Di mer acids are di carboxyllc acu ds " forrred by the reaction of two or nore
unsaturated fatty acids such as:o).&fc and linoleic acids at elevated
t enper at ur ewere8/09992 aci dic conditions to give a mixture typiRCIUSHS/11388

i ncl udi ng nononeric, dineric, and higher mer species, and which is
subsequently purified by distillat i on. The preparation of 5 di mer acids is
reviewed in RW Johnson, et al., "Polyagfdes From Fatty Aci ds,

ENCYCLOPEDI A OF POLYMER SQI ENCE AND ENG NEER| NG -Val. 11 (John Wley &

tsﬁgsdl acid corrprfég'lé g‘ron}.a\ Oﬁf@cuﬁé ﬁslasweet&lt\)/uélfj‘?npthéahs\nﬁ\b@r{ﬂe?%é%? Eiih?r:ar

acid and f rbnhentiempewunes theqomgmrmalw desirsblato operatd prirdheads withinithel0
Uhnesr o 2! gk 3BAa 7 g3t 103c 1006 G B PPl a0
- generally preferred. Hot-melt inks useful for ink-jet printing have a melting point and a
5  low melt viscosity within the operation temperature of the printhead in order to be
“jettable”, with a typical viscosity being less than or equal to 250 centipoise at 130 °C,
preferably less than or equal to 150 centipoise at 130 °C, and more preferably less
than 50 centipoise at 130 °C. _
Hot-melt inks are typlcally comprised of a colorant and a carrier. Desnrably. the
10 carrier should dissolve the colorant, be largely transparent when solid, be non-toxic
and be stable dunng long-term heatmg The carrier must contribute to the properties
needed in the hot-melt ink. These properties include compatibility with the operating
conditions of the printhead, e.g., the ink must melt and be at a prdper viscosity when
subject to the operating temperature of the printhead, and the ink must not corrode
15 the printhead. The ink should contain no volatile components. The carrier should
impart to the printed substrate the properties of scuff resistance, resis{ance to offset,
and good adhesion. When printed on transparent substrates, the ink should be
rectilinearly light transmissive.

The carrier may comprise more than one component. In order to afford a wide
20 latitude in formulating a hot-melt ink, it is desirable that a potential component have a
wide compatibility with other potential components. _
The acid number and amine number of the polyamide resin are assessed in a
conventional manner. The acid number is calculated as the number of milligrams of
potassium hydroxide required to neutralize the free acidity present in one gram of the
25 polyamide resin, while the amine number is calculate_d as the number of milligréms of
potassium hydroxide equivalent to the quantity of acid required to neutralize the free
basicity in one gram of the polyamide resin.
The dropping point of the polyamide resin is measured in a conventional
manner. Preferably, the polyamide resin has a dropping point of less than about 115
30 °C. | | o -
The following examples are provided to better disclose and teach the hot-meit
compositions of the present invention. They are for illustrative purposes only, and it
must be acknowledged that minor variations _and changes can be made without
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Preferably,
al t hough

conponent @ 9809992

contam nant. 15

the present invention is selected from

Herr]N-R err]-NH err]
Clerr]-Cferr] hydrocarbyl or a dival enygpol y(al kyl ene oxi de)

wherein R err]

the reaction mxture is substantially free of nonoacid,

m nor anounts of nonoacid may be present in the diacid

Preferably a di porTmsostssss i n
conmpounds having the formul a

represents dival ent

noi ety

cont ai ni ng between 4 and 36 carbon atom; and from1 to 17 oxygen atons. 20

‘atahilyartiing e 3o o sE5RS o e Enker e festnd R elmp gty 1 o

Pr ef er abl

at ons,

chai ns W ffllow,.om 7 to 36.

pol y(propyl ene oxi de) and poly(butylene

nol ecul ar wei ghts between 200 and 400. More preferably,
di val ent

inclu

met hyl pro

i none, (1 ke e ohabea 3t g BB S iR and 751 -

di am nope

de,

- carbon atons, -or

5gg_m_ﬁ[err] Cerr] aliphatic.. 25 =
ut are not Jinmted to,. ethylenedianine
di ani n®pr opane A ROIYamide fesip FFEATding to ﬁ"%"'ﬁ?%’?ﬂ?ﬁﬁ?’&ﬁ’és prepared asfoligws:

pol y(et hyl ene oxi de) and
oxi de) noieties having

R3

S

Sui t abl e di am nes

di ani nocy Saivareans?0.58 o] ONIDYME 9l4ed & canmerdialidiflen 5tia @b ikl Wom Union

1, 8-di am nooct ane,

5-di et hyl - 2, 5- hexanedi am ne

met a- xy! eﬁamﬁpweraﬂquf éﬂﬁm NJ rapd eempna%s 1% rgonomeric falty apid96% cimene,
Jef fam neg@fy bndPaBat 3% uinQarCB | ARfIEEAS

ethyl
di ami nonapht hal ene, i sop horon I am ne, ? u#
mole, ethylene dlamlne is avaxlable from Aldrich Chemical Company of Milwaukee,

t her ed®.
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énddigminoo

di am nododecane
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, Ol2g-

'm xt ur es

WI). The reactants were he_ated under a mtrogen atmosphere to 180 °C over 6 hours,
and then 156.3 g stearylaminie (0.58 equivalents, 0.58 mole, stearylamine is available
as Armeen 18D from Akzo Chemical Incorporated of McCook, liinois) was added to
the reactants. The mixture was heated to 204 °C over one hour, then allowed to cool
to room temperature ovemnight. The next day the reactants were heated to 220 °C

over 3.0 hours, then 4 drops (ca. 0.4 g) of phosphoric acid was added and the -

reactants were subjected to vacuum (of appr_o_)timate'dly 2 mm Hg) for 5.5 hours. The

product was then discharged from the kettle.

The product had a dropping point of 75.2 °C as measured by a Mettler
FP83HT Dropping Point Cell connected to a Me't_tl-er'FPSOHT Central Processor. The
product had a melt viscosity of 62.3 centipoise as measured at 150 °C on a Brookfield
RVTD viscometer running at 30 rpm with a #18 spindie (shear rate of 66 sec™). The

product had an acid nurber of 4.8 and an amine number of 0.4.

mple il

Example | was essentially repeated, this time substituting an equimolar amount
of decylamine for the stearylamine. The product had a dropping point of 74.2°C, a
melt viscosity at 150 °C of 76.1 centipoise, an acid number of 5.22, and an amine
number of 0.27. The product was clear and somewhat tacky.

Example |l

Example | was essentially repeated, this time reactants consisted of 2
equivalents of stearylamine, 3.5 equivalents of UNIDYME 14 dimer acid, 0.5
equivalents sebacic acid, and 2 equivalents ethylene diamine. The product had a

dropping point of 114.5 °C, a melt viscosity at 150 °C of 59.8 centipoise, an acid

number of 3.1 and an amine number of 1.6.
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In addition to dianines in which both the am no groups are primry am no,
di am nes in which one or both of the am.no groups is a secondary am no can

he - W0 96/09992 _ PBCT/US95/11388
enployed in the practice of this invention. Simlarly, am noal cohols in
whi ch the am ne group ¥ a secondary am ne can:be enployed in the
practice of this invention. ' However 43t he presence of secondary am no
groups generally leads to | onger reaction times, and produces a

product whi ghahsie§@f ter and-tackier. An exanple of a diamine, 5 which may
be used in tice of this invention, is piperazine. Simlary, in

addi tion t oE;alhpbd Iwasraslsenﬁaﬂyyﬁpedtgd this tirhe substituiingLgthariolamipeiféedne
Chr e e Bt ar PR oL At sty oh 5 GuRalBls SiD i b
reaction tihadadsopging poiptaft112.9 °C, a melt viscosityRat 450 °Glof B4 cpa kil Pidhibiei 0!
used 1 g Neof 84Ra'an' NiRG rufibel 28 Biai 1 60 O™
Example V . _ o
Example | was essentially repeated this time substituting Jeffamine D-400 for
-one half of the total amount of ethylene diamine (on an equivalents basis). The
product had a dropping point of 54.7 °C, a melt viscosity at 150 °C of 48 cp, an acid
10  number of less than 1.0, and an amine number of 14.
Various modifications can be made in the details of the various embodiment of
the compositions of the present invention, all within the scope and spirit of the
‘invention as defined by the appended claims. '
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10 conpounds havi ng the_f '
Herr]NNR err]-0OH Jluliw&wmnu presents divalent Cerr]-Cerr]
hydr ocar bylq odiegdse" abEY l ected from al kypcarngsosfissgs With

up to 36 car%on atons, cycl oal kyl ene chains from®6 to 36 carbon
atons, divalent aryl radicals, and al kylaryl ene chains with from7 to 36
carbon atons. 15 More preferably, Rerr] is divalent linear (JQerr]-(err]

a! i _phat i C. - Suitable am noﬂ cohol's include, but are not
limted to, ethanolanine, 4- anmi nophenol, 1 -am no-2-propanol,
3-am no-1 -propanol, 2-amno-1 -but akbAMS o no- - 1- but anol

5-am no- 1- pentanol, and the like. : : ‘Wi chever nonoamn ne,
diacid, and third reactant are utilized, it is preferable 20 that they be
conbi ned i n a ol ar Argsincompositipn gompriging apolyamide apdusefubiatha 6.2 4

"at | os of préparatiof ot et ek gk cdmp o, the fUyalide B4iRG prodlcen B9 , . 3
respect i vebpderBatianspolymerizationzthepohiamide:bging neepaned-tomfa resaticmmpdureor every
) oot Bl s i o o i - 00
cont ri but etdiamine)aniinaalcabiot, and mixtuiras,thereof, the viscosity of thekpalyamideiat 130is  of
char act o 16 peaSte Pl apeut 509 cantieoipé AR i hilibar el 0RLAE Wllant |,
react ant beingrigdsiran abputs80i ng t he pol yanm des .of ‘the i nvention is '
30 ol eoul e, 201 actuROYAIDES Fonin PETANG © i  Pereia SB eobBrEi el ™' O am nc
? tndi s pre rme* ﬁgﬂ:uahnﬁmfpt%rgeﬁzaem of mnminiﬁﬂiaﬁuﬁamﬁa third reactant Thus is
conbi ned pﬁlep@gm@@mpw'g?@ﬁﬁnpg? B?ganrpggs? ’am%oaa?cl:ogno?s? an‘é m'i)EtSIrers‘?I':i‘ecrtecaﬁ[,1 t be
said monoamine, said diacid, and said third-reactant being reacted together in molar
ratios of about 1.6 - 2.4 moles monoamine: 1.6 - 2.4 moles diacid: 0.8 - 1.2 moles
third reactant, respectively.
3. A polyamide resin according to claim 2 wherein said monoamine, said
diacid, and said third reactant are reacted together in molar ratios of about 2: 2: 1,
respectively.
4. A polyamide resin according to claim 1 wherein said diacid comprises
from about 70 to 100 equivalent percent of dimer acid and from about 30 to 0
equivalent percent of a linear diacid.
5. A polyamide resin according to claim 1 wherein the monoamine has the
the formula R{--NH; and wherein R is C+-C2; alkyl.
6. A polyamide resin according to claim 5 wherein R is C14-C2 alkyl.
7. A polyamide resin according to claim 6 wherein R is stearyl.
8. A polyamide resin according to claim 1 wherein the diacid has the
formula HOOC--R~COOH wherein R; is selected from the group consisting of
divalent branched Ca, aliphatic radicals derived from dimer acid, and divalent linear
Ce-C1o aliphatic radicals.
9. A polyamide resin according to claim1 wherein the diamine has the
formula H,N—-Rs—~NH, and wherein R; is selected from the group consisting of divalent
linear C,-Ce aliphatic radicals and Cs-Css aliphatic radicals. |
10. A polyamide resin compositi'on according to claim 1 having a viscosity
at 130 °C of less than about 250 centipoise.
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?Pgut 0.8 - 12 equi val ent s mnoam”ﬂl“ﬁ"'ﬂ I“"an"mrl val ents di8aci d: 0.8 -

equi val ent svo bé/esgez eact ant,,.. More pref erfablly, "t he reacti ve eqpCwEbesmi3ssat i os

of nmonoami ne, diacid, and third reactant are about 1: 2:1
respectively. -¥et anot her convention to characterize the
rel ati ve anmounts of nonoam ne, diacid and diamne to enploy in

preparing the pol yam des of the inventiorbi s based on 5 equi val ent
percents. The tofal eguival ents .of rbaxyl i i res in the .
formul ation are @f i n@&“&g"‘ o'“fﬁﬁ‘%é’gﬁaﬁ{aﬁ‘%tﬁa?%ﬁ'?@ 35%%85%‘%’% esent
in the atM30 190 of lessithah aboled0Dentipident al equi val ents of carboxylic
acid, multiplied,by 100 ives t he,.equi val.en ercent. of, nobnoam ne
present The tot a1£eqd|999'|y8‘mé rgfin fegposiien apﬁprdmgtto g‘ﬁi"?‘li%"{%ﬂﬁlﬂ? (wher e
there are tra@ctonthixiire Bl subBRINtiaNy frss dfameroaeid her di am ne or 10
am noal cohol ) present in the fornul ation divided b}/ the total equjval ents
of carboxylic 13. A polyamide resin composition prepared by contacting in a reaction
| mixture:

(a) 0.8-1.2 reactive equivalents of a monoamine having the formula Rq~

NH2 where R, is monovalent C,-Cz hydrocarbyt;

(b) 1.8-2.2 reactive equivalents of a dicarboxylic acid of the formula
HOOC-RZ-COOH, where R2 is a divalent C-Ca¢ hydrocarbyl radical; and

(c) 0.8-1.2 reactive equivalents of a diamine of the formula
HzN-Rs—NH, wherein R, represents divalent C,-Css hydrocarbyl. |

14. A polyamide resin composition according to claim 13 wherein the
reaction mixture comprises dimer acid, stearylamine, and ethylene diamine.

15. A polyamide resin composition according to claim 13 having a melting
point of less than about 115 °C.

16. A polyamide resin composition according to claim 13 having a viscosity
at 130 °C of less than about 250 centipoise.

17. A polyamide resin composition according to claim 13 having a viscosity
at 130 °C of less than about 100 centipoise.

18. A hot-melt composition useful in ink-jet printers comprising:

a) a polyamide resin composition including a polyamide, the polyamide
being produced by condensation polymerization, the polyamide being prepared from a
reaction mixture including monoamine, diacid, and a third reactarit selected from the
group consisting of diamine, aminoalcohql, and mixtures thereof, the viscosity of the
polyamide at 130 °C being less than about 500 centipoise and the number average
molecular weight being less than about 2500; and

b) at least one colorant.

19. A hot-melt printing composition according to claim 18 further comprising
at least one diluent selected from the group consisting of monoamides, bisamides,
esters, alkanol esters and mixtures thereof.

s This Sheet Has Been Re[ilaced

(AR




Yacid, nultiplied by 100, gives the equival enf peREEDACEMENT SHEEEact §ﬁt3
present. Thus, it - is preferable that thegrmDewdpiioe; pagedcikdp mgdd.’....
di am peeche wpmbened such that there ar ¢ £ opima@put ;ﬁ@eﬂqféﬁﬁ paged o
equi val ent percent nonoam ne, 100 equi val ent pgrgwingtg)acp@;ed .= to fdgedati ng
nmonoaci d inmpurity in the dimer acid as if it {weygpdiaRe! d)pag@ﬂcj:gl@ Ape071

J
equi val ent percent third reactant Preferably, 1 heg:@t -WI bwn
conpositions of the present invention are pr t aJ 1

condensati on pol ynerization techniques for r
nol es of nonoam ne, two noles of diacid, and one nole of third reactant.
Mor e preferably, the polyam de resin is prepared by condensing, in a

nolar ratio, two noles 2 @ @; ?—1@'! ﬁ! | am ne (octadecyl am ne,
Cerr]Herr]N, two rmle(?NK PRANTRG BosTIONS as diner acid (prepared
by the pol ynerization of guiSREROUMNS OFaty INMEEHON avail able, for

exanple, fromtall oil), e et hyl ene di am ne.
The condensation pol ynerization reaction nay either be carried out on a
step-5 1. Fieldwfdbe inkgntibmn basi s where, for exanple, the nonoanine is added

d he | . A . A b
o ¢ oger hel & presnt infétoneiatet o pBRHd¥ tesfipatel dhitfind EAfibaMGNSTAT OO
on a st epadinsparticlikrito erintingscommpasitions asseful for hot-inelt paatinginks. are m xed

expans of 7ot ResoBlet BER8 B4 AYE D cotmmbl y due o the cudden'rel ease of
a _ substnikqet printiagiisia hon{contcepriritiog peateds fariige bhmtingeatahamn. 30
R v e R o
50 equi valesighed &y gsttiotahelt) also knowndisphase-creanga 0 ais0 Orle regiuirbinentoftaher eof
3, 20 SR G s b6 SRR o o somerat A Fehtgdioy 1
when contacted with the elevated operating temperatures maintained in the printhead
of a printer employing hot-melt inks. In printing that employs hot-melt inks, moiten ink
15 is ejected from the printhead and upon hitting the substrate, cools, and solidifies, and
adheres to the substrate.
Hot-melt inks and components for hot-meit inks are disclosed, for exampie in
United States Patent 3,653,932, which teaches the use of didodecyl sebacate as a
_camier for the ink.
20 United States Patent No. 4,830,671 to Frihart et. al. discloses a composition
for use in hot-meit ink-jet printing applications. The ink comprises a colorant and a

resinous binder prepared from polymerized fatty acid, a diamine and a
monocarboxflic acid.

United States Patent No. 4,889,650 to Jaeger et. al. aiso relates to a hot-melt

25 printing composition. The Jaeger ink comprises a colorant and a mixture of two fatty
amide materials in which the fatty amide materials are comprised of a tetraamide
compound and a monoamide compound. The Jaeger ink is capable of producing thin
films of uniform thickness with a high degree of lightness and chroma and which are
rectilinearly light transmissive. '

30 United States Patent No. 5,085,099 aiso to Jaeger et. al. discloses modified
hot-melt ink compatible colorants which are comprised of a hot-melt ink-soluble
complex of a'tértiary alkyl primary amine and dye chromophores. The dye-
chromophores are materials with at least one pendant acid group in the free acid form
and which absorb light in the visible wavelength region to produce color. The



vabout 160 [err]C\AhiIe the bulk of the water of reaction is distilled. The
tenperature is

REPLACEMENT SHEET REPLACEMENT SHEET
then i ncreased to .about 220 [err]C. After substantia% )

9
all of the whtpr of

reaction has been col |l ected, the product mxturé¢ s ZOULM W9y bEl pw
150 [err] C and 50 equi val ent percent of nonoam melis added. The
reaction mxture is then reheated to ahout 220 errrcomtit ,
substantially all the water of reactiof has been col jected.- Then a s | 5
amount of catal yst, such as phosphoric acid, preferably from about 0.01 to
1.0 prmpesiionaisqepntains fatly amidecontrining matasiat eoraprisedaf a dimesreid under
vacuum f0ﬁnl&ﬂ?tetraamidg%g%ﬁ%?éﬂgm%ﬂo‘éﬁﬁ‘&e.bet ween 220-250 [err]C. This
ensat1 on

vacuum step renpoves condens _Wwater and any unreacted volatile
starting nat er Thegreat@reramien efghe emide tasin prisaert and albof the artdagipsad ton. The

extent of bd et ;ﬁi@ﬁﬁ'& N t ng 10
al i quot s ggq{gﬁtﬁrdégg% P{)er% ﬁn‘fﬁ ure e{ﬁa %ﬁ%ﬁﬁeﬁéﬁéﬂg‘c% g%l%;“or am ne
nunber§ ofmanogarboxylic acid-terminated resins. Nowhere is monoamine termination taught as

useful for hot-meit ink use.

A number of patents in the prior art, including United States Patents
4,297,479; 4,684 ,409; 4,308,374; and 4,389,521, disclose the proauction of high
molecular weight polyamides from equimolar amounts of diamine and diacid. These |

10 polyamides possess fiim-forming characteristics and are useful in the production of
nylon.

United States Patent 4,066,585 discloses polyamide resins suitable for use in
hot-melt flexographic and intaglio inks comprising pofymerized fatty acid, a
monocarboxylic acid and a diamine or alkanoiamine.

15 United States Patent 3,595,816 to Barrett discloses adhesive polyamide
compositions in which hydrogenated dimer acid is reacted with amine, wherein from
980-100 equivalent percent of the amine should be diamine. The remainder of the
amine may optionally include monoamine.

United States Patent 4,816,549 to Rumack discloses a polyamide resin

20 composition which is made up of from 5-35 equivalent percent of a monoamine, 65-85
equivalent percent of a dia_mine (some of which must be 1,2-diaminocyclohexane), 75-
100 equivalent percent of a diacid formed from polymerizing fatty acids, and 0-25
equivalent p°erCent of an aliphatic or cycloaliphatic diacid. The monoamine terminated
compositions are disclosed as being useful as binders in solution printing inks

25 because they are soluble in toluene.

U.S. Patent 2,272,466 discloses a process for the preparation of polyamides
or, more specifically, diamides. The process comprises condensing a selected
primary or secondary amine with a cyclic dicarboxylic acid such as terephthalic acid or
isophthalic acid, where the dicarboxylic acid is characterized as being unable to form

30 anintramolecular anhydride linkage.

There continues to exist a need in the art for hot-meit ink components having
the proper combination of melting point, meit viscosity, clarity, inertness, éompatibility
with other components, and adhesive properties which meet the commercial demands
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" eact | on iink cBmbBRRE: b REoBuae B8 polishidd riin SfbeSRSIET Ol Lot
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DRt one B S e AP B T SEBh SRS 20
10 tempecatures of printhedrds erfiployieg hetuilt inksiThie polyamideerdsiaddnwgpsitfont he
reaction 5?“2% BFe%eHPIXvQ'ﬁion has a melt viscosity at 130 °C of less than about 500

centipoise, preferably less than about 250 centipoise, and more preferably less than

15 about 100 centipoise. The polyamide resin composition is solid at room temperature

and liquid at the printhead's operating temperature, and so preferably has a melting

point within the range of 50 °C and 130 °C. The polyamide resin composition has a

low average molecular weight, preferably a number average molecular weight less

than about 2500.

20 The poiyamides of the present invention have the formula:

thalz

wherein .
Ry is selected from monovalent C,-Cy, hydrocarbyl;
25 R; is selected from divalent Cy-Cy, hydrocarby;
Rs is a divalent C-Css hydrocarbyi;
nis an integer from 1 to 10 (to provide 1 to 10 units), and preferably 1 to 4 (to
provide from 1 to 4 units); and
X and ¥ are independently selected for each unit from (1) X = NH and Y = NH:
30 @)X=NHandY=0;and(3) X=0and Y = NH.



T carried out until there is no | onger

any evol ution ofy LNy of— T
condensation, indicating PLACEMENT SHEET f
10 “that the polynerization reaction has been canpl eted. Thé
“conposition is cool ed and is ready for incorporati onglgnggﬂtﬁ? tht -‘rrel t
printing conpositions. The condensation rjegcti on nay be eal‘rl ed
out at atnospheric or higher pressures. However, ‘re—ene--of- J@he
condensation reaction is approached, 4t is 5 advantiageous to operat j
under a slight vacuum which aids in the renoval of byproducts;™

sol vents, COWW{]drﬁiﬂe%f B, présidht iHveAtsH Sie piép'ﬁréﬂ ag mméafdeakamnt hus
tending to drive the reaction to conpleti on ion of the reaction may

be Retisegrzation jeastian Phg MANCATYIS a(ﬂaaqlql@nql @é'&'fq ‘Eﬁ‘l‘cﬁf’k?‘ﬂ?"ée‘j HR® neasuring
the aci g4 erﬂﬁlleeraxamoatoa%la @nH WIERE Shétbof. Mhe' RRGVE PitioSior MdnBamiRd dRewPar i ng

t he neasured aci am ne nunbers with those cal cul ated by theory
for the angd third reagtant@rg gglygﬁpd@ pravigethe desired meit viscosity and physical
5 properties. Preferably, the monoamine, diacid, and third reactant are reacted together
in a molar ratio of about 1.6 - 2.4to 1.6 - 2.4 to 0.8 - 1.2, respectively. More
preferably, the monoamine, diacid and third reactant are reacted together in a molar
ratio of about 2 to about 2 to about 1; that is, about 2: 2: 1; respectively.
The polyamide resin compositions of the present invention provide a desirable
10 range of properties useful in the formulation of hot-melt inks for ink-jet print-ing. In
addition, they afford inks with good adhesion and scuff resistance when printed on
various substrates. The polyamide resin compositions of the present invention are
non-voiatile and stable to iong-term heating.

18 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The polyamide resin compositions of the present invention inciude low

molecuiar weight, low viscosity polyamides prepared by the condensation
pdlymerization reaction including, and preferably consisting essentially of, a
monoamine, a diacid, and a third reactant selected from diéiﬁines, aminoalcohols, and

20 biends thereof. These iow viscosity, low moiecular polyamides are solid at room or
ambient temperature (20-25 °C) and have a meiting point of from approximately 50 °C
to about 130 °C. The meiting point is below the optimal operating temperatures of
hot-melt ink-jet printers. The polyamide resin compositions, when heated to about
130 °C, exhibit a low viscosity suitable for formulating hot-melt inks useful in ink-jet

25 printing. The polyan;ide resin compgsitions have a melt viscosity at 130 °C of less
than about 500 centipoisé, preferably Iéss than about 250 centipoise, and more
preferably iess than about 100 centipoise.

Monoamines useful in the practice of the present invention are preferably of
the formula

30 | | Re=NH,
where R is monovalent C-C,2 hydrocarbyl radical. Preferably, Ry is Cy-Cx atkyl;
more preferably C14-C22 alkyl, and still more preferably C.s alkyl, that is, stearyl.
Specific suitable monoamines include, but are not limited to: methylamine,
ethylamine, propylamine, butylamine, amylamine, ‘1-methoxy-2-aminopropane,
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where R; is a divalent C4-C34 hydrocarbyl radical. Preferably, R; is a divalent

15 hydrocarbyi chain having from 1 to 34 carbon atoms, and preferably is selected from
divalent aliphatic chains of 1-34 carbon atoms, divalent cycloaliphatic chains of 3-34
carbon atoms, arylene chains of from 6-34 carbon atoms, alkarylene chains of from 7-
34 carbon atoms, and alkarylalkylene chains of from 8-34 carbon atoms. More
preferably, R; is selected from divalent branched Cy, aliphatic radicals from Casdimer

20 acid, and divalent linear Cs-Cyq aliphatic radicals.

Suitable diacids useful in the practice of the present invention include, but are
not limited to oxalic acid, malonic acid, succinic acid, methylmalonic acid, fumaric acid,
maleic acid, acetylene dicarboxylic acid, glutaric acid, ethyimalonic acid,
dimethyimalonic acid, methyisuccinic acid, citraconic acid, glutanconic acid, itaconic

25 acid, mesaconic aciil, adipic acid, 2,2-dimethylisuccinic acid, 3-methylglutaric acid,
hydromuconic acid, pimelic acid, buMmalonic acid, diethyimalonic acid, 2,2-
dimethylglutaric acid, 2-ethyl-2-methylsuccinic acid, 3-methyladipic acid,
cyc!opentanedicarboxylic acid, suberic acid, cyclohexanedicarboxylic acid, isophthatic
acid, terephthalic acid, azelaic acid, 5-norbomene-2, 3-dicarboxylic acid,

30 cyclohexylsuccinic acid, benzylmalonic acid, phenylene diacetic acid, phenyisuccinic
acid, undecanedioic acid, 3-phenyiglutaric acid, 10-decanedicarboxylic acid, traumatic '
acid, 4-phenyienedipropionic acid, naphthalene dicarboxylic acid, 11-
undecanedicarboxylic acid, 12-dodecanedicarboxyiic acid, Lbiphenyldicariaoxylic
acid, diphenic acid, hexadecanedioic acid, dimer acids, and mixtures thereof.
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t pe re at
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- REPLACEMENT SHEET can be jetted. It is te difficult apd
“expensive to build printheads which operate at i BrJUNIPER af ufes. It
Is comrercially desirable to operate printheads within the t eprper at ure
range of about 110 [err]Cto 160 [err]C, with the fower tenperatures] bei ng
generally preferred. Hot-nelt inks useful for ink- printing have

melting point and a 5 low melt viscosity within the operation tenperature

of the printh L Q. [ g in mmide o radi | vi scosity
being less t h?]'qgt g%g%g% ‘%‘%ﬁﬁg’%"‘ééﬁ‘tdf‘é%ﬁe tﬁfﬁw[t{gﬁro?&‘ym,ﬁa}epr ef erably
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conpr i scdohe Sion?lo bdsGhirks tyelealy inguding bbb oA AGhtE °F) ¥
di ssol ve rérespeoies; antd whibi id subgetyeritlypusified by distifations dhe grefgaratiomeft oxi ¢
5 dimer acids is reviewed in R.W. 'Johnson, et al., "Polyamides From Fatty Acids," |
ENCYCLdPEDtA OF POLYMER SCIENCE AND ENGINEERING, Vol. 11 (John Wiley & Sons,
New York, 1988), pp. 476-489.
itis preferred that the diacid comprises from about 70 to 100 equivalent
percent of dimer acid and from about 30 to 0 equivalent percent of 3 linear diacid.
10 Linear diacids which can be used in the present invention inciude sebacic acid,
azelaic acid, adipic acid, and 1,10-decanedicarboxyiic acid. _
Preferably, 'the reaction mixture is substantiaily free of monoacid, although
minor amounts of monoacid may be present in the diacid component as a
contaminant.

18 Preferably a diamine used in the present invention is selected from

compounds having the formula

. HaN-R3—NH;
wherein R, represents divalent C,-Css hydrocarbyl or a divalent poly(alkylene oxide)
moiety containing between 4 and 38 carbon atoms and from 1 to 17 oxygen atoms.

20 Preferably, R, is selected frém alkylene chains with up to 36 carbon atoms,
cycloalkyiene chains from 6 to 36 carbon atoms, aikyiarylene chains with from 7 to 36
carbon atoms, or poly(ethylene oxide) and poly(propylene oxide) and poly(butylene
oxide) moietres having molecular weights between 200 and 400. More preferably, R;
is divalent linear Cz-_C. aliphatic.

25 Suitable diamines include, but are not limited to, ethylenediamine, 1,2-
diaminopropane, 1.3-diaminopropané. 1,4-diaminobutane, 1,2-diamino-2-
methyipropane, 1,s-diaminopentane. 2,2-dimethyl-1,3-propanediamine, 1,3-
diaminopentane, 1,6-hexanediamine, 2-methyl-1,5-pentanediamine, 1,2-
diaminocyclohexane, 1,4-diaminocycichexane, 1,7-diaminoheptane, 1,8-diamincoctane,

30 25-dimethyl-2,5-hexanediamine, meta-xylenediamine, Jeffamine® EDR-148, 1,9-

diaminonanane, Jeffamine® D-230, 1,10-diaminodecane, 1,8-diamino-p-menthane, 1,8
diaminonaphtf'lalene, isophoronediamine, 1,12-diaminododecane, and mixtures thereof.
in addition to diamines in which both the amino groups are primary amino,

diamines in which one or both of the amino groups is a secondary amino can be
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present invention. They are for il W FatrPle purposes only, and it

must be agnanuh R Iastetdits dVBRAE CYBL HydiamhyR "BrefdlaBY R, £ARIMRd RGR Wi t hout
alkylene chains with up to 36 carbon atoms, cycloalkylene chains from 6 to 36 carbon

atoms, divalent aryi radicals, and alkylarylene chains with from 7 to 36 carbon atoms.
15  More preferably, Rj is divalent linear C.-Cs aliphatic.

Suitable aminoalcohols include, but are not limited to, ethanolamine, 4~
aminophenol, 1-amino-2-propanol, 3-amino-1-propanol, 2-amino-1-butanol, 4-amino-
1-butanol, 5-amino-1-pentanol, and the like.

Whichever monoamine, diacid, and third reactant are utilized, it is preferable

20 that they be combined in a molar ratios of about 1.6-2.4 moles monoamine: 1.6-2.4
moles diacid: 0.8-1.2 moles third reactant. More preferably, the molar ratios of
monoamine, diacid, and third reactant are about 2:2:1, respectively. By using
approximately two moles of monoamine for every two moles of diacid, it has been
found that a very low number average molecular weight polyamide can be produced

25  which effectively contributes to the low meit viscosity useful for the ink compositions of
the present invention '

An altemative convention to characterize the relative amounts of monoamine,
diacid and third reactant to empioy in preparing the polyamides of the invention is
based on reactive equivalents. Monoamines have one reactive equivalent per

30 molecule. Diacids have two reactive equivalents per molecule. Diamines and
aminoaicohols have two reactive equivalents per molecule. Thus, itis preferable that
the monoamine, diacid and third reactant be combined in reactive equivalent ratios of
about 0.8 - 1.2 equivalents monoamine: 1.8 - 2.2 equivalents diacid: 0.8 - 1.2
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Yet another convention to characterize the relative amounts of monoamine,
diacid and di'amine to employ in preparing the polyamides of the invention is based on
5 equivalent percents. The total equivalents of carboxylic acid present in the
formulation are defined as 100%. The total equivalents of monocamine present in the
formulation divided by the total equivalents of carboxylic acid, multiplied by 100, gives
the equivalent percent of monoamine present. The total equivalents of diamines and
aminoalcohols (where there are two equivalents per molecule of either dia:nine or

10  aminoaicohol) present in the formuiation divided by the total equivalents of carboxyiic

o

acid, multiplied by 100, gives the equivalent percent of third reactant present. Thus, it
is preferable that the monoamine, diacid, and diamine be combined such that there
are from about 40 to 60 equivalent percent monoamine, 100 equivalent percent diacid
(treating monoacid impurity in the dimer acid as if it were diacid), and 40 to 60

1§  equivalent percent third reactant.

Preferably, the hot-melt ink compositions of the present invention are prepareci
by standard condensation polymerization techniques for reacting, in motar ratio, two
moles of monoamine, two moles of diacid, and one mole of third reactant. More
preferably, the polyamide resin is prepared by condensing, in a molar ratio, two moles

20 of the monoamine stearylamine (octadecylamine, CyaHaslN), two moles of the diacid
known as dimer acid (prepared by the polymerization of unsaturated fatty acids
available, for example, from tall cil), and one mole of the diamine ethyiene diamine.

The condensation polymerization reaction may either be carried out on a step-
wise addition basis where, for exampie, the monoamine is added towards the later

.25 part of the reaction, or all the reactants can be mixed together at one time. Preferably
the reaction is carried outon a step-;vis'e addition basis because if all the reactants
are mixed together at one time there will-sometimes occur a sudden and vigorous
expansion of the reaction mixture, presumably due to the sudden release of a

substantial amount of water formed during the reaction.

30 In a typical procedure, 100 equivalent percent of a selected diacid is charged

to a reactor and heated to about 70 °C. With stirring, 50 equivalent percent of a
diamine, aminoalcohol, or blend thereof is added dropwise, while the temperature
increases to about 130 °C. The temperature is gradually increased from 130 °C to
about 160 °C while the bulk of the water of reaction is distilled. The temperature is
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for the fully reacted polyamide resin. The product is then cooled and discharged from
the reactor.
To assist the condensation reaction, a catalyst, such as phosphoric acid, may
15 be added to the reaction mixture in catalytic proportion. The catalyst employed in the
condensation reaction may be charged to the initial reaction mixture or added slowly
just prior to the point at which the reaction rate slows. The preferred concentration of
the catalyst in the reaction mixture is within the range of from about 0.001 to 3 weight
percent, more preferably from about 0.01 to 1.0 percent by weight of the total
20 materials charged.

Preferably, in order to avoid undue discoloration of the polyamide resin
pmduct, the condensation reaction and subsequent formulation mixing is carried out
in an inert atmosphere, such as provided by carbon dioxide, nitrogen or argon gases.
During the course of the condensation reaction, amidization occurs with the formation

25 of finear oligomeric }nolecu!es and water. The formed water is advantageously
allowed to distill out of the reaction \;essel as the condensation reaction occurs, thus
favoring completion of the condensation reaction. Distillation of the water from the
reaction mixture méy be assisted by allowing a slow stream of inert gas such as
nitrogen to be bubbled through or over the surface of the reaction mixture. Although

30 notnecessary, an inert organic solvent such as xylene may be added to the reaction
mixture in smalil proportions to assist in the removal of water by azeotropic distillation.
Generally, the amount of such inert organic solvent should not exceed about 10
percent by weight of the reaction mixture. The heatirig of the reaction mixture may be
carried out until there is no ionger any evolution of water of condensation, indicating



'nunber of 3.1 and an am ne nunber of 1.6.
13 Exanpl e |V Exanpl e | was essenti aTﬂIEpr;mmﬂeﬁHEﬁl
f
pi ng

time substituting ethanol am ne for one hal f of th LG’E—QJ**@EH’GIT\T o]
et hyl ene di ami ne (on an equival ents basis). The prod '
point of 112.9[err]C, a nelt viscosity at 150[err]C o
nunber 5 of 9.6 and.an am ne nunber |ess than 1.0. Exanple V..

Exanpl e | was essentially repeated thlﬁ)ftl me substituling Jeffamni ne D400
for one hal f of the total anobunt of ethylene diaid
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and an anjs@éadyfebintopbralién into the hot-meit printing compositions.
The condensation reaction may be carried out at atmospheric or higher
pressures. However, as the end of the condensation reaction is approached, it is
5 advantageous to operate under a slight vacuum, which aids in the removal of
byproducts, solvents, condensation water, and unreacted starting materials, thus
tending to drive the reaction to completidn. Completion of the reaction may be
observed by drawing aliquots of the reaction mixture, and measuririg the acid and/or
amine numbers of the reaction mixture, and comparing the measured acid and/or
10  amine numbers with those calculated by theory for the fully reacted polyamide resin.
Generally, polymerization is completed within about 8 hours, depending on the
specific reactants employed, the relative proportions of the reactants, et al. Any

convenient or conventional reaction vessel can be used to condense the reactants
and carry out the polymerization.
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15 The polyamide resins of the present invention are substantially neutral. Their
acid and amine numbers are generally each less than 20.

The polyamide resin compositions produced according to the practice of the
present invention have relatively low melting points and low melt viscosities. Diluents
such as monoamides, bisamides, esters and alkanol esters may be added to further

20 lower the meit viscosity. These aiso may act as solvating agents for the dye or
pigment which is responsibie for the color of the hot-melt composition. The ink
composition is prepared by physically blending together the components, including the
polyamide résin composition of the present invention and a suitable colorant, into a
substantially homogeneous mixture. The components can be mixed into a finely

25 divided state and then the mixture meited to complete the blending of the _
components. It has been found that .it is preferable to initially meit the polyamide resin
and then blend-each of the additives into it. The resulting moiten mixture can then be
readily mixed and cast into an appropriate size and shape upon cooling for use in hot-
melt ink-jet printers.

30 It is necessary that a hot-melt ink be of suffi cuently low viscosity at the
operating temperatures maintained in the pnnthead so that the ink can be jetted from
the printhead. While hot-melt inks generally exhibit lower viscosity with increasing
temperature, and thus typic_ally have a desirably low viscosity at some temperature,
the design of the printhead sets one practical limit on the temperature at which the ink
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pol yneri zation of a reaction m xture ddénsisting essentfially of (1) a
nonoam ne, (2) a diacid, and (3) a third conponent seletreg—fromthe
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higher temperatures. it is commercially desirable to operate printheads within the
temperature range of about 110 °C to 160 °C, with the lower temperatures being
generally preferred. Hot-melt inks useful for ink-jet printing have a melting point and a

5 low melt viscosity within the operation temperature of the printhead in order to be
“jettable”, with a typical viscosity being less than or equal to 250 centipoise at 130 °C,
preferably iess than or equal to 150 centipoise at 130 °C, and more preferably less
than 50 centipoise at 130 °C.

Hot-meit inks are typicaily comprised of a colorant and a carrier. Desirably, the

10 carrier should dissoive the colorant, be largely transparént when solid, be non-toxic
and be stable during long-term heating. The carrier must contribute to the properties
needed in the hot-meitink. These properties include compatibility with the operating
conditions of the printhead, e.qg., the ink must meit and be at a proper viscosity when
subject to the operating temperature of the printhead, and the ink must not corrode

15 the printhead. The ink should contain no volatile components. The carier should

" impart to the printed substrate the properties of scuff resistance, resistance to offset,
and good adhesion. When printed on transparent substrates, the ink should be
rectifinearly light transmissive.

The carrier may comprise more than one component. In order to afford a wide

20 latitude in formulating a hot-melt ink, it is desirable that a potential component have a -
wide compatibility with other potential components. | _

The acid number and amine number of the polyamide resin are assessed in a
conventional manner. The acid number is calculated as the number of milligrams of
potassium hydroxic!e required to neutralize the free acidity present in one gram of the

25 polyamide resin, while the amine number is caiculated as the number of milligrams of
potassium hydroxide equivalent to the quantity of acid required to neutralize the free
basicity in one-gram of the polyamide resin. _

The dropping point of the polyamide resin is measured in a conventional
manner. Preferably, the polyamide resin has a dropping point of less than about 115

30 °C.

The following examples are provided to better disciose and teach the hot-meit
compositions-of the present invention. They are for illustrative purposes only, and it
must be acknowiedged that minor variations and changes can be made without

LLL.
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A polyam de resin according to claim21, wherein said r attion mixture
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5. A pfollpwiri de resin according to claim 1 wherein the nonoam ne has the
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25

30

Example |

A polyamide resin according to the present invention was prepared as follows:

into a one (1) liter kettle was charged 331.84 g UNIDYME® 14 dimer acid (1.15
equivalents, 0.58 mole, UNIDYME 14 is a commercial dimer acid available from Union
Camp Corporation of Wayne, NJ and comprises 1% monomeric fatiy acid, 96% dimer
acid, and about 3% trimer acid ) and 17.43 g ethylene diamine (0.58 equivalents, 0.29
mole, ethylene'diamine is available from Aldrich Chemical Company of Milwaukee,
WI). The reactants were heated under a nitrogen atmosphere to 180 °C over 6 hours,
and then 156.3 g stearylamine (0.58 equivalents, 0.58 mole, stearylamine is available
as Armeen 18D from Akzo Chemical incorporated of McCook, lllinois) was added to
the reactants. The mixture was heated to 204 °C over one hour, then allowed to cool
to room temperature overnight. The next day the reactants were heated to 220 °C
over 3.0 hours, then 4 drops (ca. 0.4 g) of phosphoric acid was added and the
reactants were subjected to vacuum (of approximatedly 2 mm Hg) for 5.5 hours. The
product was then discharged from the kettle.

The product had a dropping point of 75.2 °C as measured by a Mettler
FP83HT Dropping Point Cell connected to a Mettler FP80HT Central Processor. The
product had a meit viscosity of 62.3 centipoise as measured at 150 °C on a Brookfield
RVTD viscometer running at 30 rpm with a #18 spindle (shear rate of 66 sec™). The

product had an acid number of 4.8 and an amine number of 0.4.
mple i '

Example | was essentially repeated, this time substituting an equimolar amouni -
of decylamine for the stearylamine. The product had a dropping point of 74.2°C, a
melt viscosity at 150 °C of 76.1 centipoise, an acid number of 5.22, and an amine
number of 0.27. The product was clear and somewhat tacky.
mple il

Example | was essentially repeated, this time reactants consisted of 2
equivalents of stearylamine, 3.5 equivalents of UNIDYME 14 dimer acid, 0.5
‘equivalents sebacic acid, and 2 equivalents ethylene diamine. The product had a

dropping point of 114.5 °C, a meit viscosity at 150 °C of 59.8 centipoise, an acid
number of 3.1 and an amine number of 1.8.
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“the fornmula Rlerr]-NH err] and wherein Rerr] is CJerr]-Clerr] alkyl.

is stearyl. 8. A pol yam de resin according t
the diacid has the fornula HOOC Rl err]-COCH wherein R
fromthe group consisting of divalent branched (err]
derived fromdimer acid, and dival ent 4ainear Clerr]-(
radi cal s. T 9. A pol yam de resin according to

di am ne tﬁs w?'vforrrula Herr]NRerr]-NH err] and wherein R err] is

sel ected group consisting of dival ent
Example | was essentially repeated this time substituting ethanolamine for one

half of the total amount of ethylene diamine (on an equivalents basis). The product
had a dropping point of 112.8 °C, a meit viscosity at 150 °C of 34 cp, an acid number
5 of 9.6 and an amine number less than 1.0.
Exampie V
Example | was essentially repeated this time substituting Jeffamine 0-400 for
one half of the total amount of ethylene diamine (on an equivalents basis). The

product had a dropping point of 54.7 °C, a melt viscosity at 150 °C of 48 cp, an acid
10 number of less than 1.0, and an amine number of 14.

6. A polyam de resin according to claim5 wherein R &rrjcn g <er
.al kyl . 7. A pol yam de resin according to cl aj r‘rﬁé!‘ﬁ%ﬁ @‘{!n})&g{rr

-

r ] 2i0s JuHl 967 eq
i phatic radicdl
rrarirphatic

Various modifications can be made in the details of the various embodiment of
the compositions of the present invention, all within the scape and spirit of the
invention as defined by the appended claims.

cl ai m 1 whereiin
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.according to claim1 having a viscosity at _ 130[ etr]<C d&f Pes§ *
t han about 250 centi poi se. esin
conposition according to claim 10 having a vis¢o preﬁﬁgwegﬁéf
130[err] C of less than about 100 centipGise. | " 12. A
pol yami de resin conposition accordi ng ppamigi my 1 V\/rBE(OQIUN 1997 reaktion
m xture is substantlallyfree of nmonoacrd. - B. A
pol yam de resin conposition prepared by contac{ing In a reaction
m xt ur e: (a) 0.8-1.2 reagiive equivalents jof a

monoani ne havi ng, t he sf giyathide Resth EbmPblifidn for use in hot-melt printing inks, said
polyamide resin comprising the reaction product of a condensation polymerization of a
reaction mixture consisting essentially of (1) a monoamine, (2) a diacid, and (3) a third
component selected from the group consisting of (a) diamines, (b) aminoalcohols, and (c)
mixtures thereof; said polyamide resin having a viscosity of less than about 500
centipoise at 130°C and an average number molecular weight less than about 2500.

2. | A polyamide resin according to claim 1, wherein said reaction mixture
comprises a mole ratio of 1.6-2.4 moles monoamine: 1.6-2.4 moles diacid: 0.8-1.2 moles
third component.

3. A bolyamide resin according to claim 21, wherein said reaction mixture
comprises a mole ratio of 2 moles monoamine: 2 moles diacid: 1 mole third component.—-

4. A polyamide resin according to claim 1 wherein said diacid comprises from
about 70 to 100 equivalent percent of dimer acid and from about 30 to 0 equivalent
percent of a linear diacid.

5. A polyamide resin according to claim 1 wherein the monoamine has the
the formula R4~NH, and wherein R; is C,-Cx; alkyl.

6. A polyamide resin according to claim 5 wherein R, is C14-C2; alkyl.

7. A pblyamide resin according to claim 6 wherein R, is stearyl.
8. A polyamide resin éccording to claim 1 wherein the diacid has the formula

HOOC--R,~COOH wherein R; is selected from the group consisting of divalent branched
Ca aliphatid radicals derived from dimer acid, and divalent linear Cs-C4p aliphatic
radicals.

8. A polyamide resin according to claim1 wherein the diamine has the

formula H,N--R3—~NH2 and wherein R; is sele'c_ted from the group consisting of divalent
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(b) 1.8-2.2 reactive equivalents of a dicarboxylic MMI“H}'IMMI a

. HOOC- Rlerr]-CO0H, where R err] isadva*en
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12. A polyamide resin composition according to claim 1 wherein the reaction
mixture is substantially free of monoacid..

13. A polyamide resin composition prepared by contaéting in a reaction
mixture: -
(a) 0.8-1.2 reactive equivalents of a monoamine having the formula R—NH2

where R, is monovalent C+-Cz, hydrocarbyt;

(b) 1.8-2.2 reactive equivalents of a dicarboxylic acid of the formula HOOC--
RZ—COOH. where R2 is a divalent C+-Cy4 hydrocarbyl radical; and

(c) 0.8-1.2 reactive equivalents of a diamine of the formula

H.N~Rz:—-NH, wherein R3 represents divalent C,-Css hydrocarbyl.

14. A polyamide resin composition according to claim 13 wherein the reaction
mixture comprises dimer acid, stearylamine, and eihylene diamine.

15. A polyamide resin composition according to claim 13 having a melting -
point of less than about 115 °C.

16. A polyamide resin composition according to claim 13 having a viscosity at
130 °C of less than about 250 centipoise.

17. A polyamide resin composition according to claim 13 having a viscosity at

130 °C of less than about 100 centipoise.

18. A hot-meilt ink-jet ink composition, comprising:

a) a polyamide resin comprising the reaction product of a condensation

REPLACEMENT SHEET polymerization of a reaction mixture consisting essentially of (1) 2 monoamine,
e gt .
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of (a) diam nes, am noal cohols, and (c) m xtures thereof;

sai d pol yam de resig) diamines, (b) amitibélddfiols, 3P MibitiireSithdr@sf shiaqsblydinué rézit)
centi poi se at 130C and an average '
~having a viscosity of less than about 500 centipoise at 130°C and an average
number molecular weight less than about 2500; and
b) atleast one colorant.
19. A hot-melt pririting composition according to claim 18 further comprising at

least one diluent selected from the group consisting of monbamides, bisamides, esters,

alkanol esters and mixtures thereof.
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