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(57) ABSTRACT 

The invention includes colorless compounds having a cen 
tral core and at least tWo arms extending from the core. The 
core can comprise one or more atoms. The at least tWo arms 

have the formula 

H (H, Q) 

In such formula, Z is a segment of one or more atoms; j is 
an integer from 1 to about 300 and can be different at one of 
the at least tWo arms than at another of the at least tWo arms; 
Q is an alkyl or aryl group and can vary amongst different 
alkyl and aryl groups Within the colorless compound; and n 
is an integer greater than 1 and can be different at one of the 
at least tWo arms than at another of the at least tWo arms. In 

other aspects, the invention encompasses phase change inks 
incorporating the above-described colorless compound as 
toughening agent, and methods of printing With such phase 
change inks. The invention further includes a solid ink 
comprising a colorant and a colorless compound of the 
formula 

In such formula, X is a single atom corresponding to N or 
O; Z1 and Z2 are substituents comprising one or more atoms, 
and can be the same as one another or different from one 

another; and j is an integer from 1 to about 50. 

1. Dibutyltindilaurate (catalyst) 

2. CH3(CH2)n-NCO 

CH3 CH3 0 

CH3 CH3 0 

CH3 0 
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COLORLESS COMPOUNDS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field Of The Invention 

[0002] The present invention relates to phase change inks 
and encompasses neW colorless compounds Which can be 
utilized as toughening agents in phase change inks. The 
invention also encompasses solid phase change inks having 
the colorless compounds incorporated therein, and printing 
methods utiliZing the phase change inks. 

[0003] 2. Description Of The Relevant Art 

[0004] The present invention encompasses neW toughen 
ing compounds, routes to their preparation, and methodol 
ogy for incorporating such compounds into phase change 
inks. Phase change inks are compositions Which are in a 
solid phase at ambient temperature, but Which eXist in a 
liquid phase in an elevated operating temperature of an ink 
jet printing device. At the jet operating temperature, droplets 
of liquid ink are ejected from the printing device. When the 
ink droplets contact the surface of a printing media, they 
solidify to form a printed pattern. Phase change ink meth 
odology is described generally in US. Pat. Nos. 4,889,560; 
5,372,852; 5,827,918 and 5,919,839. 

[0005] A dif?culty associated With phase change inks can 
occur in automated document feed applications. Speci? 
cally, a substrate (such as, for eXample, paper) coated With 
a phase change ink can be difficult to utiliZe in automated 
document feed applications. The difficulty can occur if a 
coefficient of friction of the printed phase change ink is high 
enough to impede How of the printed document through 
automated document feed systems, and can lead to docu 
ment mis-feeding. 

[0006] Additional difficulties that can occur With printed 
phase change inks result from the inks occasionally being 
too brittle, and accordingly lacking durability. If the inks are 
too brittle and are printed as an image on a ?exible substrate, 
the printed inks can break When the substrate is bent. Such 
breakage can reduce a quality of the printed image. 

[0007] It is often difficult to ?nd a suitable ink composition 
Which Will have both appropriate durability and coefficient 
of friction. Frequently, modi?cations Which improve ink 
suitability in automated document feed mechanisms (i.e., 
Which reduce ink coefficient of friction) also decrease ink 
durability. 

[0008] A general class of compounds developed for reduc 
ing some or all of the above-described difficulties are 
so-called toughening agents. Toughening agents are mate 
rials Which can be incorporated into a phase change ink (i.e., 
utiliZed as an additive to the ink), and Which improve 
durability of the printed ink to bending. The most ideal 
toughening agents not only improve the durability of the ink 
to bending, but do so Without increasing a coefficient of 
friction of the ink relative to the coefficient of friction Which 
Would eXist Without the toughening agent. 

[0009] It Would be desirable to develop additional tough 
ening agents Which could be utiliZed in phase change inks 
for improving durability of the inks, and Which preferably 
Would not increase coefficient of frictions associated With 
the inks. 

Oct. 25, 2001 

BRIEF SUMMARY OF THE INVENTION 

[0010] In one aspect, the invention encompasses a color 
less compound comprising a central core and at least tWo 
arms extending from the core. The core can comprise one or 
more atoms. The at least tWo arms have the formula 

[0011] In such formula, Z is a segment of one or more 
atoms; j is an integer from 1 to about 300 and can be 
different at one of the at least tWo arms than at another of the 
at least tWo arms; Q is an alkyl or aryl group and can vary 
amongst different alkyl and aryl groups Within the colorless 
compound; and n is an integer greater than 1 and can be 
different at one of the at least tWo arms than at another of the 
at least tWo arms. In other aspects, the invention encom 
passes phase change inks incorporating the above-described 
colorless compound as a toughening agent, and methods of 
printing With such phase change inks. 

[0012] In another aspect, the invention encompasses a 
solid ink comprising a colorant and a colorless compound of 
the formula 

[0013] In such formula, X is a single atom corresponding 
to N or O; Z1 and Z2 are substituents comprising one or more 
atoms, and can be the same as one another or different from 

one another; j is an integer from 1 to about 50; and the 
representation of “(H, O)” indicates that either a group O or 
a hydrogen can be in the shoWn positions. The group O is 
either an alkyl group or an aryl group, and can vary amongst 
different alkyl and aryl groups Within the compound. 

BRIEF DESCRIPTION OF THE DRAWING 

[0014] The FIGURE shoWs a reaction scheme for forming 
a toughening agent encompassed by the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] In accordance With the present invention, it has 
been found that toughening agents having the general for 
mula 1 can be suitable for improving durability of phase 
change inks. 

H (H, Q) 
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[0016] Formula 1 can be considered as describing mol 
ecules Which have a central core (illustrated by “G”), With 
several arms of formula 2 (below) extending from the core. 

[0017] In referring to formulas 1 and 2, the label “Z” 
represents a segment of one or more atoms, j is an integer 
from 1 to about 300, Q is an alkyl or aryl group, and n is an 
integer greater than 1. Substituent Q can vary amongst 
different alkyl and aryl groups Within any of the arms, and 
in particular embodiments Q is CH3 throughout the arms. It 
is noted that the segment “Z” can include any of various 
multi-atom segments, including, for eXample, material 20. 

(H, Q) 

[0018] The central core “G” of formula 1 can be a single 
atom, or a group of atoms. The number of arms is deter 

mined by “s” of formula 1, and is preferably at least 2, and 
more preferably at least 3. Accordingly, “s” is an integer 
Which is preferably at least 2, and more preferably at least 
3. Areason for having at least tWo of the arms is to increase 
a hydrophobic character of formula 1 beyond that Which 
Would eXist if less than tWo arms Were used. The increased 

hydrophobic character can improve solubility of formula 1 
Within phase change ink materials (Which are generally 
Waxy and hydrophobic), and can thus improve dispersal of 
the compound Within the phase change ink materials. 

[0019] In preferred aspects of the invention, the formula 1 
materials are limited to colorless compounds. The term 
“colorless” is utiliZed to indicate compounds Which do not 
absorb light from the visible Wavelength spectrum (i.e., from 
about 400 nanometers to about 750 nanometers). Colorless 
compounds are preferred as such can be readily utiliZed as 
additives in eXisting phase change ink compositions. Spe 
ci?cally, the colorless compounds should not alter the colors 
of the eXisting ink compositions When added thereto. 
Although the formula 1 materials are limited to colorless 
compounds in preferred aspects of the invention, it is to be 
understood that the formula 1 materials, can, in less pre 
ferred aspects of the invention, be colored compounds. 
Speci?cally, it is recogniZed that toughening agents can be 
formed Which absorb light from the visible Wavelength 
spectrum. Such toughening agents could, for example, be 
cyan, magenta, yelloW or black. 

[0020] A speci?c sub-class of the materials represented by 
formula 1 is shoWn beloW as formula 3. In such subclass, the 
integer s of formula 1 is 3, and the central core “G” is a 
multi-atom segment. 
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integers from 1 to about 50, and can be the same or different 
than one another; “Q” is an alkyl or aryl group and can vary 
amongst different alkyl and aryl groups Within a compound 
encompassed by formula 3; “m”, “n” and “o” are integers 
greater than 13, and can be the same or different than one 
another; R1, R2 and R3 can comprise one or both of hydrogen 
and carbon, and can be the same or different than one 
another; and D1, D2 and D3 comprise one or more atoms. 
Further, tWo or more of R1, R2 and R3 can be comprised by 
a common ring. The use of the symbol “(H, Q)” at a position 
indicates that either hydrogen or a group “Q” can be at the 
position. The groups R1, R2 and R3 can be hydrogen atoms, 
or can be, for eXample, aryl or alkyl groups. 

[0022] In particular embodiments of the present invention, 
D1, D2 and D3 of formula 3 are oXygen atoms; “i”, “j” and 
“k” are equal to one another; and R1, R2 and R3 are hydrogen 
atoms. The resulting class of compounds is represented by 
formula 4. 

H (PLO) 

H H o 

H (H, Q) 

[0023] Materials encompassed by formula 4 can be syn 
thesiZed utiliZing the methodology shoWn in the FIGURE. 
Speci?cally, compounds encompassed by formula 4 can be 
formed from the reactants ARCOL POLYOL LHT-112TM 
(CAS[25791-96-2]; 1,2,3-propanetriol polymer With methyl 
oXirane), and CH3—(CH2)n—NCO in the presence of a 
catalyst comprising dibutyltindilaurate (CAS[77-58-7]). The 
catalyst is typically present to a concentration of less than 
1%, by Weight. 
[0024] The material CH3—(CH2)n—NCO is preferably 
the limiting reagent in the reaction shoWn in the FIGURE, 
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and can comprise, for example, MONDUR OTM (octadecyl 
isocyanate (CAS [112-96-9])/heXadecylisocyanate (CAS 
[1943-84-6]).) 
[0025] It is noted that formula 4 is but one method of 
describing the compounds formed by the reaction of the 
FIGURE, and that a more general description of such 
compounds is represented by formula 5. 

H H 

H H 

[0026] The segment “Z” of formula 5 comprises the amide 
linkage of formula 4. Formula 5 is utiliZed to indicate that 
other linkages can be substituted for the amide linkage of 
formula 4 to form colorless compounds of the present 
invention. 

[0027] It is also noted that formulas 4 and 5 describe 
speci?c materials encompassed by the class described above 
as formula 3, and that other colorless materials are encom 
passed by formula 3. Such other materials can be formed by 
the reaction scheme of the FIGURE if the shoWn ARCOLTM 
polyol is replaced With a material having the formula shoWn 
beloW as formula 7. 

[0028] In formula 7, R1, R2, and R3 comprise at least one 
of carbon and hydrogen, and at least one of R1, R2, and R3 
can be a segment selected from the group consisting of alkyl 
and aryl groups. The groups D1, D2 and D3 of formula 7 can 
comprise one or more atoms, and in particular embodiments 
are oxygen atoms. 

[0029] Another general category of toughening agent 
encompassed by the present invention is described by for 
mula 8. 
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[0030] The substituent X of formula 8 indicates a single 
atom, and can be, for eXample, O or N. The substituents Z1 
and Z2 of formula 8 comprise one or more atoms, can be the 
same as one another or different from one another, and can 

be comprised Within a common ring (i.e., can together form 
a cyclic structure). The label j of formula 8 is an integer that 
is preferably from 1 to about 50, and the representation of 
“(H, Q)” indicates that either a group Q or a hydrogen can 
be in the shoWn positions of formula 8. The group Q can be 
either an alkyl group or an aryl group, and can vary amongst 
different alkyl and aryl groups Within a compound encom 
passed by formula 8. 

[0031] A speci?c class of compounds encompassed by 
formula 8 is described by formula 9. 

[0032] In formula 9, Z3 and Z4 are substituents comprising 
one or more atoms. The label k of formula 9 is an integer that 
is preferably from 1 to about 50, and Which can be the same 
as, or different from j. 

[0033] A more speci?c class of compounds encompassed 
by formulas 8 and 9 is described by formula 10. 

[0034] The components R1, R2, R3, R4, R5, R6, R7 and R8 
of formula 10 can be, for eXample, selected from the group 
consisting of hydrogen, halogens, hydroXy groups, alkoXy 
groups, tri?uoromethyl groups, and alkyl groups, and can be 
the same as one another or different than one another. 

Further tWo or more of the components R1, R2, R3, R4, R5, 
R6, R7 and R8 of formula 10 can be comprised Within a 
common ring. 
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[0035] Yet a more speci?c class of compounds encom 
passed by formulas 8 and 9 is described by formula 11. 

[0036] The components R1, R2, R3, R4, R5, R6, R7 and R8 
of formula 11, like those of formula 10, can be, for example, 
selected from the group consisting of hydrogen, halogens, 
hydroxy groups, alkoxy groups, tri?uoromethyl groups, and 
alkyl groups, and can be the same as one another or different 
than one another. Further tWo or more of the components R1, 
R2, R3, R4, R5, R6, R7 and R8 of formula 11 can be 
comprised Within a common ring. 

[0037] Another speci?c class of compounds encompassed 
by formulas 8 and 9 is described by formula 12. 

R12 R13 

R16 R17 (H, O) (H, O) 

[0038] The components R10, R11, R12, R13, R14, R15, R16, 
and R17 of formula 12 can be, for example, selected from the 
group consisting of hydrogen, halogens, hydroxy groups, 
alkoxy groups, tri?uoromethyl groups, and alkyl groups, and 
can be the same as one another or different than one another. 

Further, tWo or more of the components R10, R11, R12, R13, 
R14, R15, R16, and R17 of formula 12 can be Within a 
common ring. The labels j, k, l and m of compound 12 are 
preferably integers from 1 to about 50, and can be the same 
as, or different from, one another. 

[0039] Toughening compounds of the present invention 
(i.e. materials described by one more of formulas 1-12) can 
be incorporated into phase change inks by incorporating the 
materials in an ink to a concentration of from about 0.5% to 
about 50% (by Weight). The resulting phase change ink Will 
preferably be a solid at room temperature, and speci?cally 
Will preferably be a solid at temperatures beloW about 30° C. 
Further, such phase change ink Will preferably melt at a 
temperature above 30° C. (typically much higher than 30° 
C.) so that the inks can be jetted through a printhead and 
onto a substrate. An exemplary operating temperature of a 
printhead of a phase change ink printing device is about 140° 
C. Accordingly, a preferred phase change ink Will have a 
melting temperature of at or beloW 140° C. 
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[0040] Phase change inks encompassed by the present 
invention can be utiliZed in printing applications by melting 
at least a portion of a solid block of the ink to transform such 
portion to a liquid phase. The liquid phase ink can then be 
jetted through a printhead and applied onto a substrate. Once 
on the substrate, the ink can be cooled to form an ink pattern 
Which de?nes at least a portion of a visible image on the 
substrate. It has been found that the incorporation of tough 
ening agents encompassed by the present invention (i.e. 
materials described by one more of formulas 1-12) can 
reduce the brittleness and accordingly improve durability of 
inks relative to a brittleness and durability Which Would exist 
if the toughening agents Were not incorporated into the inks, 
and that such reduction in brittleness (and improvement in 
durability) can be accomplished by the toughening agents of 
the present invention Without increasing a coef?cient of 
friction of the phase change ink beyond that Which Would 
exist in the absence of the toughening agent. 

EXAMPLES 

EXAMPLE 1 (Unithox Colorless Resin) 

[0041] A quantity of C-50 linear alcohol ethoxylate1 
(1894.9 grams (1.06 moles)) Was placed in a 3000 mL 
four-neck resin kettle equipped With a Trubore stirrer. The 
C-50 linear alcohol ethoxylate Was heated to 140° C. under 

an N2 atmosphere, and agitation of the linear alcohol Was 
started as the material became molten (at approx. 100° C.). 
The molten C-50 linear alcohol ethoxylate Was stirred and 
heated at 140° C. for about 1 hour in order to remove Water. 
Avacuum Was then applied to the kettle at 140° C. for about 
1 hour to remove additional moisture. The nitrogen atmo 

sphere Was then 2re-introduced and about 0.60 grams of 
dibutyltindilaurate Was added. About 115.0 grams (0.52 
moles) isophorone diisocyanate3 Was then added to the kettle 
in approximately 2 minutes. The reaction mixture exo 
thermed to about 150° C., and Was held at this temperature 
for about 2 hours. Fourier transform infrared spectroscopy 
(FT-IR) of the reaction product con?rmed that all of the 
NCO functionality Was consumed. Speci?cally, FT-IR of the 
product revealed the absence (disappearance) of a peak at 
~2285 cm-1 (NCO) and the appearance (or increase in 
magnitude) of peaks at ~1740-1680 cm'1 and ~1540-1530 
cm corresponding to urethane frequencies. The urethane 
product Was then poured into aluminum molds and alloWed 
to cool and harden. The product Was a solid at room 
temperature characteriZed by a viscosity of about 69.1 cPs as 
measured by a Ferranti-Shirley cone-plate viscometer at 
about 140° C.; and a Tg (glass transition temperature) of 
about —42.5° C. as measured by Differential Scanning 
Calorimetry using a DuPont 2100 calorimeter at a scan rate 
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1 UNITHOX 75O4C-5O linear alcohol ethoXylate available ftorn Baker 

Petrolite of Tulsa, Okal. 

2 FASCAT 4202—dibutyltindilaurate available from Elf Atochem North 
America, Inc. of Philadelphia, Pa. 

3 Desmodur I—Isophorone diisocyanate available from Bayer Corp. of 
Pittsburgh, Pa. 

EXAMPLE 2 (Colorless Material) 

[0042] About 70.0 grams (0.34 moles) of tripropylene 
glycol monomethyl ether4 and about 37.7 grams (0.17 
moles) isophorone diisocyanate5 were placed in a 200 mL 
beaker equipped with a magnet. The beaker was then heated 
to 115 ° C. utilizing a silicon oil bath. Three drops of catalyst 

(Fascat 4202)° were then added, and the mixture allowed to 
react for 2 hours at 115 ° C. An FT-IR of the reaction product 
indicated that all of the NCO functionality was consumed. 
Speci?cally, the FT-IR showed the absence (disappearance) 
of a peak at ~2285 cm“1 (NCO) and the appearance (or 
increase in magnitude) of peaks at ~1740-1680 cm“1 and 
~1540-1530 cm-1 corresponding to urethane frequencies. 
The ?nal urethane product was then poured into a specimen 
jar and allowed to cool. This ?nal product was a liquid at 
room temperature characterized by a viscosity of about 14.6 
cPs as measured by a Ferranti-Shirley cone-plate viscometer 
at about 135° C. 

4 Tripropylene glycol monomethyl ether available fromAldrich Chemicals of 
Milwaukee, Wis. 
5 Desmodur I—Isophorone diisocyanate available from Bayer Corp. of 
Pittsburgh, Pa. 
6 FASCAT 4202—dibutyltindilaurate available from Elf Atochem North 
America, Inc. of Philadelphia, Pa. 

EXAMPLE 3 (Colorless Wax) 

[0043] About 90.0 grams (0.045 moles) or polypropylene 
glycol 2000 (PPG 2000)7 and about 26.6 grams (0.09 moles) 
octadecyl isocyanate8 were placed in a 200mL beaker 
having a magnet therein. The beaker was then heated to 115° 
C. utilizing a silicone oil bath. Three drops of catalyst 
(Fascat 4202)9 were added and the mixture allowed to react 
for 2 hours at 115° C. An FT-IR of the reaction product 
showed the absence (disappearance) of a peak at ~2285 
cm’1 (NCO) and the appearance (or increase in magnitude) of 
peaks at ~1740-1680 cm“1 and ~1540-1530 cm“1 corre 
sponding to urethane frequencies. The ?nal urethane product 
was then poured into a specimen jar and allowed to cool and 
harden. This ?nal produce was a viscous semisolid at room 

temperature characterized by a viscosity of about 15.5 cPs as 
measured by a Ferranti-Shirley cone-plate viscometer at 
about 135° C.; and a melting point of about 18° C. as 
measured by Differential Scanning Calorimetry using a 
DuPont 2100 calorimeter at a scan rate of 20° C./minute. 

7 Polypropylene glycol 2000 available fromAldrich Chemicals of Milwaukee, 
Wis. 

8 Mondur O—Octadecyl Isocyanate available from Bayer Corp. of Pittsburgh, 
Pa. 

9 FASCAT 4202—dibutyltindilaurate available from Elf Atochem North 
America, Inc. of Philadelphia, Pa. 

EXAMPLE 4 (Colorless Wax) 
[0044] About 80.0 grams (0.052 moles) of ARCOL LHT 
11210 and about 46.6 grams (0.156 moles) octadecyl isocy 
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anate11 were placed a 200 mL beaker with a magnet and 
heated to 115° C. with a silicone oil bath. Five drops of 

catalyst (Fascat 4202)12 were added and the mixture allowed 
to react for 2 hours at 115° C. An FT-IR of the reaction 
product showed the absence (disappearance) of a peak at 
~2285 cm-1 (NCO) and the appearance (or increase in 
magnitude) of peaks at ~1740-1680 cm“1 and ~1540-1530 
cm corresponding to urethane frequencies. The ?nal ure 
thane product was then poured into a specimen jar and 
allowed to cool and harden. This ?nal product was a solid at 

room temperature characterized by a viscosity of about 15.8 
cPs as measured by a Ferranti-Shirley cone-plate viscometer 
at about 135° C.; and a melting point of about 238° C. as 
measured by a Differential Scanning Calorimetry using a 
DuPont 2100 calorimeter at a scan rate of 20° C./minute. 

1° ARCOL LHT—glycerol propoxylate available from ARCO Chemical Co. 
of Newtown Square, Pa. 

11 Mondur O—Octadecyl Isocyanate available from Bayer Corp. of Pitts 
burgh, Pa. 

12 FASCAT 4202—dibutyltindilaurate available from Elf Atochem North 
America, Inc. of Philadelphia, Pa. 

EXAMPLE 5 (Cyan Ink) 

[0045] About 217 grams of urethane resin from Example 
1 of US. patent application Ser. No. 09/023,366 (Tektronix 
Docket 6224 US 3), 254 grams of the urethane resin from 
Example 1 above (Unithox Colorless Resin) (“Unithox” 
resin), 313 grams of the resin from Example 1 of US. Pat. 
No. 5,783,658 (“Abitol” resin), 561 grams of Witco S-180 
stearyl stearamide wax13, 561 grams of polyethylene wax14 
and 4.0 grams of Uniroyal Naugard 445 antioxidant15 were 
combined in a stainless steel beaker. The materials were 

melted for about 3 hours at 125° C. in an oven, then blended 
by stirring in a temperature controlled mantle for 1/2 hour at 
125° C. To the molten ink base was added 121.8 grams of 

the cyan wax from Example 4 of US. Pat. No. 5,919,839. 
The resulting cyan ink was stirred for an additional 2 hours 
at 125° C. The ink was then ?ltered through a heated (125° 
C.) Mott apparatus (available from Mott Metallurgical) 
using Whatman #3 paper at 5 psi, poured into molds, and 
allowed to solidify to form ink sticks. This ?nal cyan ink 
product was characterized by a viscosity of about 12.9 cPs 
at 135° C. as measured by a Ferranti-Shirley cone-plate 
viscometer; and two melting points at about 86° C. and 98° 
C. as measured by differential scanning calorimetry using a 
DuPont 2100 calorimeter. The spectral strength of this ink 
was measured in n-butanol as about 1645 

(milliliters’kAbsorbance Units/gram) at a lambdarnaX of 670 
nm utilizing a Perkin-Elmer Lambda 25 UV/VIS 
spectrophotometer. 
1° Kemamide S—180—Stearyl Stearamide available from Witco Chemical Co. 
of Memphis, Tenn. 

14 Polywax 850—available from Petrolite Corp. of Tulsa, Okal. 

15 Naugard 445—Antioxidant available from Uniroyal Chemical Co. of 
Oxford, Conn., Stepan Co., North?eld, Ill. 

EXAMPLE 6 (Clear Ink Base) 

[0046] About 399 grams of urethane resin from Example 
1 of US. patent application Ser. No. 09/023,366 (Tektronix 



US 2001/0034463 A1 

Docket 6224 US 3), 469 grams of the urethane resin from 
Example 1 above (Unithox Colorless Resin), 574 grams of 
the resin from Example 1 of US. Pat. No. 5,783,658 
(“Abitol” resin), 1029 grams of Witco S-180 stearyl steara 
mide Wax1° , 1029 grams of polyethylene Wax17 and 7.0 
grams of Uniroyal Naugard 445 antioxidant18 Were com 
bined in a stainless steel beaker. The materials Were then 

melted for about 8 hours at 125 ° C. in an oven, and blended 

by stirring in a temperature controlled mantle for 1/2 hour at 
125° C. The resulting ink base Was ?ltered through a heated 

(125° C.) Mott apparatus (available from Mott Metallurgi 
cal) using Whatman #3 paper at 5 psi. The ink base Was then 
poured into molds and alloWed to solidify to form ink sticks. 
16 Kemamide S—180—Stearyl Stearamide available from Witco Chemical Co. 
of Memphis, Tenn. 

17 PolyWax 850—available from Petrolite Corp. of Tulsa, Okal. 

18 Naugard 445—Antioxidant available from Uniroyal Chemical Co. of 
Oxford, Conn., Stepan Co., Northi?eld, Ill. 

EXAMPLE 7 (Black Ink) 

[0047] About 910 grams of the clear ink base from 
Example 6, 60 grams of the material from Example 2, and 
30 grams of Solvent Black 4519 Were combined in a stainless 
steel beaker. The materials Were melted for about 8 hours at 

125° C. in an oven, then blended by stirring in a temperature 
controlled mantle for 1/2 hour at 125° C. To the resulting 
molten ink base Was added an additional 65 grams of S-180 

Wax20 and an additional 65 grams of polyethylene Wax21. 
The resulting black ink Was stirred for an additional 2 hours 
at 125° C., ?ltered through a heated (125 ° C.) Mott 
apparatus (available from Mott Metallurgical) using What 
man #3 paper at 5 psi, poured into molds, and alloWed to 
solidify to form ink sticks. The ?nal black ink product Was 
characteriZed by the folloWing physical properties: viscosity 
of about 12.9 cPs at 135° C. as measured by a Ferranti 

Shirley cone-plate viscometer; tWo melting points at about 
86 and 98° C. as measured by differential scanning calo 
rimetry using a DuPont 2100 calorimeter; and a Tg of about 
14° C. as measured by Dynamic Mechanical Analysis using 
a Rheometrics Solids AnalyZer (RSAII). 
19 Solvent Black 45—Dye available from Clariant Corp. of Charlotte, NC. 

20 Kemamide S—180—Stearyl Stearamide available from Witco Chemical Co 
of Memphis, Tenn. 

21 PolyWax 850—available from Petrolite Corp. of Tulsa, Okal. 

EXAMPLE 8 (Black Ink) 

[0048] About 910 grams of the ink base from Example 6, 
60 grams of the material from Example 3, and 30 grams of 
Solvent Black 4522 Were combined in a stainless steel 
beaker. The materials Were melted for about 8 hours at 125° 

C. in an oven, then blended by stirring in a temperature 
controlled mantle for 1/2 hour at 125° C. To the molten ink 
base Was added an additional 30 grams of S-180 Wax23 and 

an additional 30 grams of polyethylene Wax24. The black ink 
Was then stirred for an additional 2 hours at 125° C. The ink 

Was then ?ltered through a heated (125° C.) Mott apparatus 
(available from Mott Metallurgical) using Whatman #3 
paper at 5 psi, poured into molds, and alloWed to solidify to 
form ink sticks. The ?nal black ink product Was character 
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iZed by the folloWing physical properties: viscosity of about 
13.0 cPs at 135° C. as measured by a Ferranti-Shirley 
cone-plate viscometer; tWo melting points at about 86° C. 
and 98° C. as measured by differential scanning calorimetry 
using a DuPont 2100 calorimeter; and a Tg of about 0° C. as 
measured by Dynamic Mechanical Analysis using a Rheo 
metrics Solids AnalyZer (RSAII). 
22 Solvent Black 45—Dye available from Clariant Corp. of Charlotte, NC. 

23 Kemamide S—180—Stearyl Stearamide available from Witco Chemical Co. 
of Memphis, Tenn. 

24 PolyWax 850—available from Petrolite Corp. of Tulsa, Okal. 

EXAMPLE 9 (Black Ink) 

[0049] About 910 grams of the ink base from Example 6, 
60 grams of the material from Example 4, and 30 grams of 
Solvent Black 4525 Were combined in a stainless steel beaker 
The materials Were melted for about 8 hours at 125° C. in an 

oven, then blended by stirring in a temperature controlled 
mantle for 1/2 hour at 125° C. To the molten ink base Was 
added an additional 62 grams of S-180 Wax26 and an 

additional 62 grams of polyethylene Wax27. The black ink 
Was then stirred for an additional 2 hours at 125° C. The ink 

Was then ?ltered through a heated (125° C.) Mott apparatus 
(available from Mott Metallurgical) using Whatman #3 
paper at 5 psi. The ink Was then poured into molds and 
alloWed to solidify to form ink sticks. The ?nal black ink 
product Was characteriZed by the folloWing physical prop 
erties: viscosity of about 12.9 cPs at 135° C. as measured by 
a Ferranti-Shirley cone-plate viscometer; tWo melting points 
at about 86° C. and 98° C. as measured by differential 
scanning calorimetry using a DuPont 2100 calorimeter; and 
a Tg of about 24° C. as measured by Dynamic Mechanical 
Analysis using a Rheometrics Solids AnalyZer (RSAII). 
ZS Solvent Black 45—Dye available from Clariant Corp. of Charlotte, NC. 

26 Kemamide S—180—Stearyl Stearamide available from Witco Chemical Co. 
of Memphis, Tenn. 

27 PolyWax 850—available from Petrolite Corp. of Tulsa, Okal. 

EXAMPLE 10 (Black Ink With No PlasticiZer) 

[0050] About 240 grams of urethane resin from Example 
1 of US. patent application Ser. No. 09/023,366 (Tektronix 
Docket 6224 US 3), 224 grams of the urethane resin from 
Example 4 above (“Unithox” resin), 309 grams of the resin 
from Example 1 of US. Pat. No. 5,783,658 (“Abitol” resin), 
566 grams of Witco S-180 stearyl stearamide Wax28, 566 
grams of polyethylene Wax29 and 4.0 grams of Uniroyal 
Naugard 445 antioxidant3O Were combined in a stainless 
steel beaker. The materials Were melted for about 3 hours at 

125° C. in an oven, then blended by stirring in a temperature 
controlled mantle for 1/2 hour at 125° C. To the molten ink 
base Was added 54 grams of Solvent Black 4531. The ink Was 
then stirred for an additional 2 hours at 125° C., and 

subsequently ?ltered through a heated (125° C.) Mott appa 
ratus (available from Mott Metallurgical) using Whatman #3 
paper at 5 psi. The ink Was then poured into molds and 
alloWed to solidify to form ink sticks. Th ?nal black ink 
product Was characteriZed by the folloWing physical prop 
erties: viscosity of about 13.1 cPs at 135° C. as measured by 
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a Ferranti-Shirley cone-plate viscometer; tWo melting points 
at about 87 and 100° C. as measured by differential scanning 
calorimetry using a DuPont 2100 calorimeter; and a Tg of 
about 25° C. as measured by Dynamic Mechanical Analysis 
using a Rheometrics Solids AnalyZer (RSAII). 
28 Kemamide S—180—Stearyl Stearamide available from Witco Chemical Co. 
of Memphis, Tenn. 

29 PolyWax 850—available from Petrolite Corp. of Tulsa, Okal. 

3D Naugard 445—Antioxidant available from Uniroyal Chemical Co. of 

Oxford, Conn., Stepan Co., North?eld, Ill. 

31 Solvent Black 45-Dye available from Clariant Corp. of Charlotte, NC. 

TESTING OF THE INKS FROM EXAMPLES 
1-10 

[0051] Three different tests Were employed to measure the 
advantageous properties of neW inks encompassed by the 
present inventions. The results are listed in Table 1, and brief 
descriptions of the methods utiliZed in the tests are as 
folloWs. 

[0052] Gouge resistance is a measure for the ink fuse 
grade, and can be a measure of ink durability. Speci?cally, 
gouge resistance measures hoW Well an ink adheres to media 

(a measure of ink adhesion), and hoW Well the ink adheres 
to itself (a measure of the cohesive strength of the ink, or its 
toughness). Gouge resistance Was measured With a Variable 
Weight Gouge Tester (VWGT), developed by Tektronix, Inc. 
In preparation for the test, solid-?ll prints of the inks listed 
in Table 1 Were generated using a Tektronix Phaser 840TM 
Ink Jet Printer. In all cases, drum temperature and preheat 
temperature Were set to 60° C. The print to be tested Was 
af?xed to the surface of a ?at table capable of smooth linear 
motion With a de?ned speed. Before starting the test, the 
tester applied de?ned, but different normal loads to three 
surface spots of the print through metal gouger ?ngers. After 
initiation of the test, the table With the print moved, and the 
stationary gouger ?ngers removed ink from its surface along 
three parallel linear pathWays. Using an electronic scanner 
(HeWlett-Packard SCANJET 3cTM), the total area of 
removed ink Was measured. Its value (given in mm2 in Table 
1) is inversely proportional to the cohesive strength or 
toughness of the ink. Therefore, When comparing prints of 
tWo inks, the tougher and more durable ink is indicated by 
a smaller “Gouge Number” (area of ink removed). 

[0053] Foldability testing is yet another Way to character 
iZe the durability of a printed ink by measuring crack failure 
resistance during folding. The tests used solid-?ll prints of 
the inks listed in Table 1, generated in the above mentioned 
Way, Which Were machine-folded With a Duplo D-590L 

Paper Folder. The prints Were then unfolded, cleaned from 
dust, and scanned as described above. As a result of this 
procedure, the fold Failure Area Was measured, Which is the 
amount of White Which results When the print is folded. 
From this, the Mean Crack Width (in inches)—reported as 
“Fold Number” in Table 1—is calculated by dividing Fold 
Failure Area by the length of the scan. As in the case of 
Gouge Resistance, smaller numbers characteriZe tougher 
and more durable inks. 

[0054] Coef?cients of friction (COF) against glass Were 
measured on a Model 225-1 horiZontal plane Friction/Peel 
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Tester from ThWing-Albert Instrument Company, Philadel 
phia (Pa.), interfaced to a PC running “Talas” 3.0 softWare— 
also marketed by ThWing-Albert Instrument Company. In 
preparation of the test, quadratic samples measuring 2.5 “ by 
2.5 “ Were cut from solid-?ll prints of the inks from Table 1, 
generated in the above mentioned Way, and attached face 
doWn to the loWer part of the friction tester sled using tWo 
strips of double-stick tape. The sled had a Weight of 200 
grams. As a stationary counterpart, a 1/s“ thick tempered 
soda-lime glass plate, measuring 21.5 “ by 7.5“ Was attached 
to the surface of the horiZontal plane of the tester, using a 
silicon-rubber padded clamp. All measurements Were done 
at room temperature. In further conducting the testing rou 
tine, the sled With the attached print Was connected to the 
load cell of the instrument (maximum capacity 2 kg), using 
a Nylon string. Maintaining a slight tension in the Nylon 
string, the sled and attached sample Were brought into 
contact to the horiZontal glass surface, and data acquisition 
Was initiated. During the test, the instrument dragged the 
print surface over the glass plate for 10 seconds With a speed 
of 2“/min. ToWard completion of the process, the sled Was 
lifted vertically from the glass surface, the load cell Was 
brought back to the initial position, and the sample Was set 
doWn again before starting the next data acquisition cycle. 
Five such cycles Were measured consecutively With each 
sample, and data Were logged. 

[0055] The friction tester and softWare enable drag force 
to be monitored as a function of time, and further enable a 

statistical evaluation of measurement results to be per 
formed. Generally, the coef?cient of (sliding) friction is 
de?ned as the ratio of this drag force to the normal force 
(Weight) of the sliding object. Since the tester represents a 
horiZontal assembly, and since the Weight of the object (the 
sled With the attached sample) and its sliding speed are 
knoWn, the coef?cient of (sliding) friction as a function of 
sled displacement can be deduced. It is knoWn in the art that 
static and kinetic COF should be distinguished. The ThWing 
Albert Friction/Peel Tester is able to measure both COF. In 
particular, the kinetic COF—as reported in Table 1—is 
de?ned as the resistance to be overcome in order to maintain 

sliding movement, With loWer numbers indicating smaller 
resistance. For reasons of experience and convenience, the 
kinetic COF is taken to be the average of the global averages 
of the mentioned ?ve measurements. 

[0056] When considered together, the data of Table 1 shoW 
that inks comprising the three-armed “Arcol” based material 
as a plasticiZer and toughener (see, for example, the ink of 
Example 9) can have loW coefficients of friction While 
having good resistance to folding and gouging in?icted 
damage. 

TABLE 1 

Ink Type Gouge Number Fold Number Dynamic COF 

Cyan ink of 610 mm2 0.0031 in. 0.47 
Example 5 
Black ink of 1898 mm2 0.0169 in. 0.56 
Example 10 
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TABLE l-continued 
H H 

Ink Type Gouge Number Fold Number Dynamic COF I 
—fC—C—O?TC—NH—(CH2)n—CH3 

Black ink of 257 mm2 0.0067 in. 0.67 
Example 7 H (H, Q) 
Black ink of 185 mm2 0.0044 in. 0.56 
Example 8 
Bl k ' k f 224 2 0.0051 ' . 0.48 . . . . . 

Exicmpllré 90 mm m Wherem 1 is an integer from 1 to about 50; wherein the 
representation of “(H, Q)” at shown positions indicates 

1 A 1 1 d _ _ t 1 d t that either a group Q or a hydrogen can be in the shoWn 
' CO or 655 COmPO‘m Compnsmg a Gen ra Core an a positions; Wherein the group Q is either an alkyl group 

least tvvo arms extending from the core, the at least tWo arms or an aryl group; wherein Q can Vary amongst different 
Compnslng the formula alkyl and aryl groups Within individual arms of the at 

least tWo arms; and Wherein n is an integer greater than 
0. 

H H 8. The colorless compound of claim 7 Wherein n is at least 

—fC—C—O?]-—Z—(CH2),,—CH3 13- _ _ _ 
9. The colorless compound of claim 7 comprising at least 

H (H, Q) three of the arms. 
10. The colorless compound of claim 7 having the for 

mula 

Wherein Z is a segment of one or more atoms; Wherein j 
is an integer from 1 to about 300 and can vary amongst 

H 
the at least tWo arms; Wherein the representation of “(H, 
Q)” at shoWn positions indicates that either a group Q O—(-C—C—O?j—C—NH—(CH2)n—CH3 
or a hydrogen can be in the shoWn positions; Wherein 
the group Q is either an alkyl group or an aryl group; H (H’g) 
Wherein Q can vary amongst different alkyl and aryl 
groups Within the chain; and Wherein n is an integer O—€C—C—O?j—C_NH—(CH2)n—CH3 
greater than 1 and can vary amongst the at least tWo H (H, Q) 
arms. H 

2. The colorless compound of claim 1 Wherein n is greater 
than 13 at each of the at least tWo arms. O_(_C C O?JTC NH (CH2)“ CH3 

3. The colorless compound of claim 1 Wherein Z com- H (H>Q) 
prises an amide bond. 

4. The colorless compound of claim 1 comprising at least 11_ A Colorless Compound having the formula 
three of the arms. 

5. The colorless compound of claim 1 having the formula 

1‘ 
D1—fC—C—O?i—C—NH——(CH2)IT—CH3 

H H R1 
| I H (H. O) pC—C—O?—Z—(CH2)n—CH3 

i o I 
H (H’ O) R2 D2—(—C—C—Ojj—C—NH—(CH2)n—CH3 

H H 

H (H, O) 
O—fC—C—O?]-—Z—(CH2)I,—CH3. R3 

H (H’ O) D3-(-C—C—O?TC—NH—(CH2)o—CH3 
O H H 

l H (H. Q) C—C—O+Z—(CHZ)H—CH3 
] 

H (H Q) . . . . 

Wherem 1, J and k are integers from 1 to about 50, and can 
be the same or different than one another; Wherein the 

6- The Colorless Compound of Clalm 5 Whereln Z Com- representation of “(H, Q)” at shoWn positions indicates 
Pnses an amlde bond- that either a group Q or a hydrogen can be in the shoWn 

7. A colorless compound comprising a central core and at positions; Wherein the group Q is either an alkyl group 
least tWo arms extending from the core, the at least tWo arms or an aryl group; Wherein Q can vary amongst different 

comprising the formula alkyl and aryl groups Within the compound; Wherein m, 
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n and 0 are integers greater than 13, and can be the 
same or different than one another; Wherein at least one 

of R1, R2 and R3 comprises hydrogen, Wherein R1, R2 
and R3 can be the same or different than one another, 

Wherein tWo or more of R1, R2 and R3 can be comprised 
by a common ring, and Wherein D1, D2 and D3 com 
prise one or more atoms. 

12. The colorless compound of claim 11 Wherein R1, R2 
and R3 are hydrogen. 

13. The colorless compound of claim 11 Wherein R1, R2 
and R3 comprise carbon. 

14. The colorless compound of claim 11 Wherein R1, R2 
and R3 are aliphatic chains. 

15. The colorless compound of claim 11 Wherein R1, R2 
and R3 are alkyl chains. 

16. A solid ink comprising: 

a colorant; and 

a colorless compound comprising 

Wherein X is a single atom corresponding to N or O; 
Wherein Z1 and Z2 are substituents comprising one or 
more atoms; Wherein Z1 and Z2 can be the same as one 

another or different from one another; Wherein Z1 and 
Z2 can be Within a common ring; Wherein j is an integer 
from 1 to about 50; Wherein the representation of “(H, 
Q)” indicates that either a group Q or a hydrogen can 
be in the shoWn positions; Wherein the group Q is either 
an alkyl group or an aryl group; and Wherein Q can vary 
amongst different alkyl and aryl groups Within the 
compound. 

17. The solid ink of claim 16 Wherein the colorless 
compound comprises 

Wherein Z3 and Z4 are substituents comprising one or 
more atoms; and Wherein k is an integer from 1 to about 
50, and can be the same as or different from j. 
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18. The solid ink of claim 16 Wherein the colorless 
compound comprises 

Wherein the components R1, R2, R3, R4, R5, R6, R7 and R8 
are selected from the group consisting of hydrogen, 
halogens, hydroXy groups, alkoXy groups, tri?uorom 
ethyl groups, and alkyl groups, can be the same as one 

another or different than one another, and tWo or more 

of the components R1, R2, R3, R4, R5, R6, R7 and R8 can 
be Within a common ring; Wherein the representation of 
“(H, Q)” indicates that either a group Q or a hydrogen 
can be in the shoWn positions; Wherein the group Q is 
either an alkyl group or an aryl group; and Wherein Q 
can vary amongst different alkyl and aryl groups Within 
the colorless compound; and Wherein k and are 
integers from 1 to about 50, and can be the same as or 

different from one another. 

19. The solid ink of claim 16 Wherein the colorless 
compound comprises 

Wherein the components R1, R2, R3, R4, R5, R6, R7 and R8 
are selected from the group consisting of hydrogen, 
halogens, hydroXy groups, alkoXy groups, tri?uorom 
ethyl groups, and alkyl groups, can be the same as one 

another or different than one another, and tWo or more 

of the components R1, R2, R3, R4, R5, R6, R7 and R8 can 
be Within a common ring; and Wherein k and j are 
integers from 1 to about 50, and can be the same as or 

different from one another. 

20. The solid ink of claim 16 Wherein the colorless 
compound comprises 
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wherein the components R10, R11, R12, R13, R14, R15, R16, 
and R17 are selected from the group consisting of 

hydrogen, halogens, hydroXy groups, alkoXy groups, 
tri?uoromethyl groups, and alkyl groups, can be the 
same as one another or different than one another, and 

tWo or more of the components R10, R11, R12, R13, R14, 
R15, R16, and R17 can be Within a common ring; 
Wherein the representation of “(H, Q)” indicates that 
either a group Q or a hydrogen can be in the shoWn 

positions; Wherein the group Q is either an alkyl group 
or an aryl group; and Wherein Q can vary amongst 

different alkyl and aryl groups Within the colorless 
compound; and Wherein j, k, 1 and m are integers from 
1 to about 50, and can be the same as or different from 

one another. 

21. A solid ink comprising: 

a colorant; and 

a colorless compound comprising a central core and at 

least tWo arms extending from the core, the at least tWo 

arms comprising the formula 

Wherein Z is a segment of one or more atoms; Wherein j 

is an integer from 1 to about 50 and can vary amongst 

the at least tWo arms; Wherein the representation of “(H, 
Q)” at shoWn positions indicates that either a group Q 
or a hydrogen can be in the shoWn positions; Wherein 

the group Q is either an alkyl group or an aryl group; 

Wherein Q can vary amongst different alkyl and aryl 
groups Within individual arms of the at least tWo arms; 

and Wherein n is an integer greater than 1 and can vary 

amongst the at least tWo arms. 

22. The solid ink of claim 21 Wherein n is greater than 13 
at each of the at least tWo arms. 

23. The solid ink of claim 21 Wherein the colorless 
compound comprises at least three of the arms. 

24. The solid ink of claim 21 Wherein Z comprises an 
amide bond. 

25. The solid ink of claim 21 having the formula 

26. The solid ink of claim 21 having the formula 

H (H, Q) 
H 

H (H, Q) 

27. The solid ink of claim 21 having the formula 

H 

l 

H (H, Q) 
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wherein i, j and k are integers from 1 to about 50, and can 34. The method of claim 32 Wherein the colorless com 
be the same or different than one another; Wherein m, pound comprises 
n and o are integers greater than 13, and can be the 

same or different than one another; and Wherein R1, R2 
and R3 comprise hydrogen, and can be the same or 
different than one another, Wherein tWo or more of R1, (IT 
R2 and R3 can be comprised by a common ring, and 
Wherein D1, D2 and D3 comprise one or more atoms. HN O—€CH2CHO?]-—CH2CHOCH3 

28. The solid ink of claim 27 Wherein R1, R2 and R3 are 
hydrogen. 0 

29. The solid ink of claim 27 Wherein R1, R2 and R3 R2 R8 comprise carbon. /C\ 

30. The solid ink of claim 27 Wherein R1, R2 and R3 are R3 R4 E 0-TCH2CHO7TCH2CHOCH3 
aliphatic chains. R5 R6 (H9) (H9) 

31. The solid ink of claim 27 Wherein R1, R2 and R3 are 
alkyl chains. 

32. A printing method, comprising: Wherein the components R1, R2, R3, R4, R5, R6, R7 and R8 
melting a phase change ink comprising a colorless com- are selected from the group consisting of hydrogen, 
Pound Comprising halogens, hydroXy groups, alkoXy groups, tri?uorom 

ethyl groups, and alkyl groups, can be the same as one 

another or different than one another, and tWo or more 

H H of the components R1, R2, R3, R4, R5, R6, R7 and R8 can 
be Within a common ring; Wherein the representation of 

j “(H, Q)” indicates that either a group Q or a hydrogen 
H (HQ) can be in the shoWn positions; Wherein the group Q is 

either an alkyl group or an aryl group; and Wherein Q 

can vary amongst different alkyl and aryl groups Within 
the colorless compound; and Wherein k and j are 
integers from 1 to about 50, and can be the same as or 

different from one another. 

Wherein X is a single atom corresponding to N or O; 
Wherein Z1 and Z2 are substituents comprising one or 
more atoms; Wherein Z1 and Z2 can be the same as one 

another or different from one another; Wherein Z1 and 
Z2 can be Within a common ring; Wherein j is an integer 
from 1 to about 50; Wherein the representation of “(H, 
Q)” indicates that either a group Q or a hydrogen can 
be in the shoWn positions; Wherein the group Q is either 
an alkyl group or an so aryl group; and Wherein Q can 

35. The method of claim 32 Wherein the colorless com 
pound comprises 

0 

vary amongst different alkyl and aryl groups Within the com ound' C 

p ’ HN/ \O—(-CH2CHOj]-—CH2CHOCH3 
applying the melted ink to a substrate; and R1 R7 CH3 CH3 

cooling the melted ink on the substrate. R R O 
33. The method of claim 32 Wherein the colorless com- 2 8 U: 

Pound comprlses R3 R4 g/ \O—(-CH2CHOjk—CH2CHOCH3 

R5 R6 CH3 CH3 

H H 

(C_C_X)k_Z4 Wherein the components R1, R2, R3, R4, R5, R6, R7 and R8 
| areetd from the group consisting of hydrogen, halo 
H (Hp) gens, hydroXy groups, alkoXy groups, tri?uoromethyl 
H H groups, and alkyl groups, can be the same as one 

Z3—(C—C—X)j—Z2 another or different than one another, and tWo or more 

H (Hp) of the components R1, R2, R3, R4, R5, R6, R7 and R8 can 
be Within a common ring; and Wherein k and j are 

integers from 1 to about 50, and can be the same as or 

Wherein Z3 and Z4 are substituents comprising one or dlfferent from one another‘ 
more atoms; and Wherein k is an integer from 1 to about 36. The method of claim 32 Wherein the colorless com 
50, and can be the same as or different from j. pound comprises 
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HOCHCH2—(OCHCH2)]- R10 R11 R12 R13 (CH2CHO)k—CH2CHOH 

(H9) (H9) \ / (PLQ) (PLQ) 
/N O N 

HOCHCH2—(OCHCH2)H, __ 
R14 R15 R16 R17 (CH2CHO)1 CHZCHOH 

(H’Q) (H’Q) (H Q) (H Q) 

wherein the components R10, R11, R12, R13, R14, R15, 39. The method of claim 37 Wherein n is greater than 13 
R16, and R17 are selected from the group consisting of at each of the at least tWo arms. 
hydrogen, halogens, hydroXy groups, alkoXy groups, 
tri?uoromethyl groups, and alkyl groups, can be the 40. The method of claim 37 Wherein Z comprises an 
same as one another or different than one another, and amide bond 

tWo or more of the components R10, R11, R12, R13, R14, 
R15, R16, and R17 can be Within a common ring; 
Wherein the representation of “(H, Q)” indicates that 
either a group Q or a hydrogen can so be in the shoWn 

positions; Wherein the group Q is either an alkyl group 
or an aryl group; and Wherein Q can vary amongst 
different alkyl and aryl groups Within the colorless 

41. The method of claim 37 Wherein the colorless com 
pound has the formula 

H H 
compound; and Wherein j, k, l and m are integers from 

1 to about 50, and can be the same as or different from ((|:—C—O)j—Z—(CH2)Il—CH3 
one another. 0 H (H7O) 

37. A printing method, comprising: H H 

melting a phase change ink comprising a colorless com- O—(C—C—O)j—Z—(CH2)n—CH3. 
pound comprising a central core and at least tWo arms H (H Q) 
extending from the core, the at least tWo arms com 
prising the formula 

H 

42. The method of claim 37 Wherein the colorless com 
pound has the formula 

Wherein Z is a segment of one or more atoms; Wherein j 

is an integer from 1 to about 50 and can vary amongst 
the at least tWo arms; Wherein the representation of “(H, 
Q)” indicates that either a group Q or a hydrogen can PII 
be in the shoWn positions; Wherein the group Q is either O_(C_C_Ojj_C_NH_(CH2)n_CH3 
an alkyl group or an aryl group; Wherein Q can vary 
amongst different alkyl and aryl groups Within indi- H (H’Q) 
vidual arms of the at least tWo arms; and Wherein n is 

an integer greater than 1 and can vary amongst the at 

applying the melted ink to a substrate; and 

cooling the melted ink on the substrate. O_(C_C_O?j_C_NH_(CH2)n_CH3 

38. The method of claim 37 Wherein the ink further H (H,Q) 
comprises a colorant, and Wherein the cooled ink forms at 
least a portion of a visible image on the substrate. 
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43. The method of claim 37 wherein the colorless com 
pound has the formula 

H H 

H (HQ) 
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Wherein i, jand k are integers from 1 to about 50, and can 
be the same or different than one another; Wherein m, 
n and o are integers greater than 13, and can be the 
same or different than one another; and Wherein R1, R2 
and R3 comprise hydrogen, and can be the same or 
different than one another, and Wherein D1, D2 and D3 
comprise one or more atoms. 

44. The method of claim 43 Wherein R1, R2 and R3 are 
hydrogen. 

45. The method of claim 43 Wherein R1, R2 and R3 
comprise carbon. 

46. The method of claim 43 Wherein R1, R2, and R3 are 
aliphatic chains. 

47. The method of claim 43 Wherein at least one of R1, R2 
and R3 comprises either an alkyl group or an aryl group. 

48. The method of claim 43 Wherein R1, R2 and R3 are 
alkyl chains. 


