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ANTHRAQUINONE COLORANTS FOR INKS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of Invention 

[0002] The present invention relates to selected 
anthraquinone colorants and their use in printing inks and 
toners, particularly phase change inks. 

[0003] 2. Description of Related Art 

[0004] Many inks and toners have been developed in 
recent years for use in printing and Xerographic processes, 
and are herein referred to as printing inks and toners. More 
recently, there has been a strong focus on colored printing 
inks and toners for creation and/or reproduction of colored 
images. Such printing inks and toners have speci?c require 
ments in terms of both colors and compatibility With the 
apparatus, substrates and conditions With Which they are 
used. Likewise, the individual components of such printing 
inks and toners have speci?c requirements in terms of the 
same above variables plus compatibility With one another. 

[0005] Phase change inks in digital printing applications 
(also sometimes called solid inks or hot melt inks) have in 
the past decade gained signi?cant consumer acceptance as 
an alternative to more traditional printing systems such as 
offset printing, ?eXography printing, gravure printing, let 
terpress printing and the like. Phase change inks are espe 
cially desirable for the peripheral printing devices associated 
With computer technology, as Well as being suitable for use 
in other printing technologies such as gravure printing 
applications as referenced in US. Pat. No. 5,496,879 and 
German Patent Publications DE 4205636AL and 
DE4205713AL assigned to SiegWerk Farlenfabrik Keller, 
Dr. Rung & Co. 

[0006] In general, phase change inks are in the solid phase 
at ambient temperature, but eXist in the liquid phase at the 
elevated operating temperature of an ink jet printing device. 
At the jet operating temperature, droplets of liquid ink are 
ejected from the printing device and, When the ink droplets 
contact the surface of the printing media, they quickly 
solidify to form a predetermined pattern of solidi?ed ink 
drops. 

[0007] They are easy to use and safe. They can be easily 
loaded into the printer by the user, generally in the form of 
solid sticks of yelloW, magenta, cyan and black ink having 
a solid consistency similar to children’s crayons. Inside the 
printer, these inks are melted at an elevated temperature in 
a print head having a number of ori?ces, through Which the 
melted ink Will be ejected onto the desired substrate such as 
media like paper or an overhead transparency ?lm. Alter 
natively, the melted ink may be transferred to a rotating 
drum or the like and then transferred to the substrate. As the 
ink cools on the substrate, it re-solidi?es into the desired 
image. This resolidi?cation process, or phase change, is 
substantially instantaneous and a printed, dry image is thus 
available as the substrate leaves the printer, and is available 
immediately to the user. 

[0008] Phase change inks need not contain solvents or 
diluents that can lead to undesired emissions. In all, the use 
and speci?c design of phase change inks address many of the 
limitations of more traditional ink and printing processes. 

Feb. 7, 2002 

[0009] Furthermore, because the ink is in a cool, solid 
form at any time When the user can actually come in contact 
With the ink, and the ink is in a molten state only inside the 
printer (inaccessible to the user), it is generally safe to use. 
These inks also have long-term stability for shipping and 
long storage times. 

[0010] Phase change inks generally comprise a phase 
change ink carrier composition, Which is combined With at 
least one compatible phase change ink colorant. The carrier 
composition has been generally composed of resins, fatty 
acid amides and resin derived materials. Also, plasticiZers, 
Waxes, antioxidants and the like have been added to carrier 
compositions. Generally the resins used are Water-insoluble 
and the carrier composition preferably contains no ingredi 
ents that are volatile at the jetting temperatures employed. 
Also, these carrier ingredients are preferably chemically 
stable so as not to lose their chemical identity over time 
and/or under elevated temperature conditions. 

[0011] Preferably, a colored phase change ink Will be 
formed by combining an ink carrier composition With com 
patible colorant material, preferably subtractive primary 
colorants. The subtractive primary colored phase change 
inks comprise four component dyes, namely, cyan, magenta, 
yelloW and black. US. Pat. Nos. 4,889,560 and 5,372,852 
teach preferred subtractive primary colorants employed. 
Typically these may comprise dyes from the classes of Color 
IndeX (C.I.) Solvent Dyes, C.I. Disperse Dyes, modi?ed C.I. 
Acid and Direct Dyes, as Well as a limited number of CI. 
Basic Dyes. Suitable colorants also include appropriate 
polymeric dyes, such as those described in US. Pat. No. 
5,621,022 and available from Milliken & Company as 
Milliken Ink YelloW 869, Milliken Ink Blue 92, Milliken Ink 
Red 357, Milliken Ink YelloW 1800, Milliken Ink Black 
8915-67, uncut Reactant Orange X-38, uncut Reactant Blue 
X-17, and uncut Reactant Violet X-80, and those described 
in US. Pat. No. 5,231,135. 

[0012] Colored resin reaction products such as those 
described in US. Pat. No. 5,780,528 issued Jul. 14, 1998, 
and assigned to the assignee of the present invention, are 
also suitable colorants. 

[0013] Polymeric colorants have also been utiliZed in 
preparing commercial phase change ink jet inks, as Well as 
potentially for use in other applications, such as gravure 
printing, and other types of inks and coating applications 
Where coloration is desired. For example, the speci?c class 
of polymeric dyes characteriZed by: (1) an organic chro 
mophore having (2) a polyoXyalkylene substituent and 
optionally (3) a carboXylic acid or non-reactive derivative 
thereof covalently bonded to the polyoXyalkylene substitu 
ent, have been described in US. Pat. No. 5,621,022 (Jaeger 
et al.). 

[0014] Anthraquinone dyes and pigments have been 
employed as chromogens for many applications Where colo 
rants are required. Furthermore, it is knoWn to make many 
derivatives of anthraquinones for speci?c colorant applica 
tions. Yet, anthraquinones and their derivatives have some 
shortcomings When used in phase change inks. For eXample, 
solubility and blooming problems often arise When knoWn 
anthraquinone dyes are used in phase change inks. They are 
believed to be caused by the planar nature of the molecules 
of these colorants. Aggregation of dye moieties can take 
place more readily When the dye molecules are planar in 
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nature. This aggregation leads to solubility problems at 
operating temperatures inside printers. Furthermore, unag 
gregated dye molecules may Work their Way to the surface 
of the hardened phase change ink stick, resulting in bloom 
ing problems. Furthermore, the manufacturing processes for 
making commercially available anthraquinone derivative 
dyes have several disadvantages (e.g., solvents are typically 
used in making such derivatives, thus requiring solvent 
recovery, and such processes also involve elaborate puri? 
cation procedures). 

SUMMARY OF THE INVENTION 

[0015] The present invention retains knoWn advantages of 
anthraquinone chromogens (e.g., Wide variety of red to 
purple to cyan shades, outstanding lightfastness and thermal 
stability) While overcoming solubility and blooming prob 
lems of conventional anthraquinone colorants as Well as 
eliminating manufacturing disadvantages of their prepara 
tion. 

[0016] One aspect of the present invention is directed to 
solid ink and toner compositions that comprise a colorant 
that comprises a monofunctional amine-substituted-9,10 
anthraquinone compound, optionally With at least one car 
rier component. 

[0017] It is a feature of the present invention that this class 
of anthraquinone dyes can be easily tailored by adjusting the 
degree of substitution by monofunctional amine substi 
tutents to provide a desirable range of particular color 
shades. 

[0018] It is another feature of the present invention that 
preferred dyes of this class of anthraquinones are liquid at 
the elevated temperatures at Which phase change ink printers 
and toner fusing apparatus operate, yet are solid at room 
temperatures. 

[0019] It is another feature of the present invention that 
these anthraquinone dyes may be used as either the sole 
colorant material or can be used With other conventional 
phase change ink colorant materials in a phase change ink. 

[0020] It is still another feature of the present invention 
that these anthraquinone dyes may be employed With con 
ventional phase change carrier components or conventional 
toner particle carrier components. 

[0021] It is an advantage of the present invention that this 
class of anthraquinone dyes is easy to manufacture and form 
into useful shapes such as ink sticks. 

[0022] It is an advantage of the present invention that this 
class of anthraquinone dyes may be made Without additional 
solvents or the need for elaborate puri?cation processes. The 
amine reactant can act as an initial solvent for the reaction 
and as the dye reaction product is made, it also can act as a 
solvent (i.e., it is a liquid at the elevated temperatures at 
Which the reaction is run). This greatly simpli?es the manu 
facture of these dyes. 

[0023] It is another advantage of the present invention that 
these anthraquinone dyes do not display typical character 
istics of planar molecules because they have sufficiently 
large substituents condensed thereonto Which prevent the 
anthraquinone molecules from aggregating, as Well as com 
patibiliZing the molecules in an ink or toner base, and thus 
do not have solubility and blooming problems associated 
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With other anthraquinone dyes. Furthermore, these 
anthraquinone dyes retain desired lightfastness and thermal 
stability properties for Which anthraquinone dyes are knoWn. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0024] The term “9,10-anthraquinone” as used herein 
refers to anthraquinone having the folloWing chemical for 
mula and numbering sequence: 

[0025] The 9,10-anthraquinone compounds of the present 
invention may be substituted by the same or different amines 
at any available position, such as the 1, 2, 3, 4, 5, 6, 7, and/or 
8 position(s). Preferably, the 9,10-anthraquinone is substi 
tuted at the 1, 4, 5 and/or 8 position(s). Examples of such 
compounds include, but are not limited to, the 1-; 1, 4-; 1, 
4, 5-; 1, 4, 8-; and 1, 4, 5, 8-substituted-9,10-anthraquinone 
compounds. In dyes used in the invention, the substituents 
are preferably monofunctional amines, optionally in com 
bination With oXy-substituents. 

[0026] Preferred precursor compounds are halo- or oXy 
substituted-9,10-anthraquinone compounds. As used herein, 
the term “oXy-substituted-9,10-anthraquinone compound” 
refers to any 9,10-anthraquinone compound having one or 
more additional carbonyl groups on one or both of the outer 
rings, for eXample, in the positions described above, and 
tautomers thereof. Halo-substituted-9,10-anthraquinones 
have halo-substituents such as chloro-substitutents at the 
corresponding position(s). 
[0027] The term “substituted-9,10-anthraquinone com 
pound” as used herein refers to any 9,10-anthraquinone 
compound or reduced form thereof having one or more 
substituent groups on one or both of the outer rings, and 
tautomers thereof. One preferred class of these 
anthraquinone compounds is the 1,4-oXy-substituted-9,10 
anthraquinone compounds (i.e., carbonyl groups are on both 
of the 1-and 4-positions of one of the outer rings). 

[0028] EXamples of 1,4-oXy-substituted-9,10-an 
thraquinone compounds include leucoquiniZarin and qui 
niZarin. LeucoquiniZarin is the reduced form of quiniZarin 
and has the folloWing chemical formula (I): 

(I) 
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[0029] QuiniZarin has the following chemical formula (II): 

(II) 

0 O 0 OH 

OT 

[0030] It is particularly preferred to use a mixture of 
quiniZarin and leucoquiniZarin. Because quiniZarin is less 
expensive than leucoquiniZarin and also is available in a 
highly puri?ed “sublimed” form; the preferred molar ratio is 
in the range of about 1 to about 10 moles of quiniZarin per 
mole of leucoquiniZarin. 

[0031] Suitable monofunctional amines include any 
monofunctional amine that is capable of being placed on the 
9,10-anthraquinone compound, for example by reacting 
With the oxy-substituted-9,10-anthraquinone compound, to 
make a suitable colorant or colorants. Preferred monofunc 
tional amines include but are not limited to aliphatic 
monoamines, aromatic monoamines, aliphatic/aromatic 
monoamines, fused ring system monoamines, polyoxyalky 
lenemonoamines, and hydroxyl/amino-containing com 
pounds. 

[0032] Examples of aliphatic monoamines include any 
aliphatic primary or secondary amine (e.g., a C1-C22, pref 
erably C12_18 and more preferably C16_18, or higher linear 
amine, any branched amine or any cyclic aliphatic amine), 
such as mono- or di-: methyl amine, ethyl amine, (n- and 
iso)propyl amines, (n-, iso-, and t-) butylamines, (n-, iso-, t-, 
and the like) pentyl amines, (n-, iso- t-, and the like) hexyl 
amines, cyclohexyl amines, (n-, iso-, t-, and the like) heptyl 
arnines, (n-, iso-, t-, and the like) octyl amines, (n-, iso-, t, 
and the like) nonyl amines, (n- and branched) decyl amines, 
(n- and branched) undecyl amines, (n- and branched) dode 
cyl amines, (n- and branched) hexadecyl amines, (n- and 
branched) octadecyl amines, talloW amines, 2,3-dimethyl 
l-cyclohexylamine, piperidine, pyrrolidine, and the like. 
TalloW amines are particularly preferred. 

[0033] Examples of aromatic monoamines include aniline, 
anisidine, and the like. 

[0034] Examples of aliphatic/aromatic amines include ali 
phatic/aromatic compounds in Which the amino group is 
attached to the aliphatic portion, such as benZyl amine or 
analogues With longer or additional alkyl chains, and ali 
phatic/aromatic compounds in Which the amino group is 
attached to the aromatic portion, such as dodecylaniline or 
analogues With longer, shorter and/or additional alkyl 
chains. 

[0035] Examples of fused ring monoamines include rosin 
amine, dehydroabietyl amine, dihydroabietyl amine, 
hydroabietyl amine, and the like, such as Amine DTM avail 
able commercially from Hercules Inc. of Wilmington, Del. 
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[0036] Examples of hydroxyl/amino compounds include 
ethanol amine or arninopropyldiethylene glycol, commer 
cially available from Dixie Chemical Company of Pasadena, 
Tex. 

[0037] Examples of polyoxyalkylenemonoamines include 
M-series Jeffamines available commercially from Huntsman 
Chemical Company of Austin, Tex., and the like, such as 

R—O—(CH2—CH(CH3)—O)n—CH2—CH(CH3)—NH2 
Wherein R is a loWer, such as C1-4, alkyl and n is an integer. 
It should be noted that the condensation product of M-series 
Jeffamines and the oxy-substituted-9,10-anthraquinone 
compounds Would likely be a viscous liquid at room tem 
perature. 

[0038] Preferred monofunctional amines are aliphatic 
monoamines, such as octadecyl and talloW amines. 

[0039] If leucoquiniZarin, or a quiniZarin/leucoquiniZarin 
mixture, and a monoamine R—NH2 are reacted together, the 
reaction products can be illustrated by the folloWing chemi 
cal formulae (III) and (IV): 

(III) 
0 NHR 

% Or 
NHR 

O 

0 

(IV) 
NHR 

OH 

0 

gap. 
@iiii 

O 

O 

NR 

NR 

O 

O 

NR 

O 

[0040] Similarly, reaction of the folloWing 9,10-an 
thraquinone compounds With monoamines R—NH2 under 
knoWn reducing conditions produces the folloWing reaction 
products: 
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-continued 
0 OH 

1-3 R—NH2 
— 

OH O OH 

1,4,S-TRIHYDROXYANTHRAQUINONE 
O NH—R 

NH—R O NH—R 

O OH 

1 R—NH2 
—> 

O 

l-HYDROXYANTHRAQUINONE 

O NH—R 

O 

[0041] Preferably, these reactions are carried out at tem 
peratures Where the amine is in a liquid state (i.e., at or above 
the melting point of the amine) so that the amine can act as 
the initial solvent for the reaction and Where the reaction 
product is also a liquid (i.e., at or above the melting point of 
the reaction product) so that it can act as the solvent as the 
reaction proceeds toWard completion. There is no particular 
upper limit on the reaction temperature so long as it is a 
temperature beloW the degradation point of the reactants and 
product(s). Preferably, the reaction temperatures are from 
60° C.-200° C., preferably 80-150° C., more preferably 
90-125° C. Too high reaction temperatures should be 
avoided to prevent degradation of the reaction product or 
formation of by-products. 

[0042] This reaction can be carried out in conventional 
condensation reaction equipment. Preferably, the reaction is 
conducted under an inert atmosphere at a temperature Where 
a molten reaction mixture is formed until the reaction is 
complete. The inert atmosphere is used to prevent premature 
oxidation of any leuco component in the reaction mixture. 

[0043] The molar ratio of amine reactant to anthraquinone 
reactant is preferably approximately stoichiometric relative 
to the desired amine-substituted reaction product(s). The 
presence of residual amines in the reaction product is not 
advantageous. Such excess amines tend to be reactive, and 
can be corrosive to materials With Which the dye comes into 
contact, such as components of a printing machine. In 
addition, they tend to oxidiZe and cause discoloration of the 
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ink or toner product. By using stoichiometric amounts of the 
amines under the conditions described above, these disad 
vantages are avoided at the same time that the costs of 
additional amine and the costs and delays of amine and/or 
solvent removal process steps are avoided. 

[0044] Thus, for example, With quiniZarin and/or leuco 
quiniZarin, the molar ratio of amine reactant to 
anthraquinone reactant is preferably from about 0.5:1 to 
about 2:1, such as from about 1:1 to about 2:1. Amolar ratio 
of about 2:1 favors the formation of a cyan colored dye 
(Which is mainly a diamine substituted-9,10 anthraquinone); 
a molar ratio of 1.5: 1 favors a royal blue-colored dye (Which 
is a mixture of monoamine and diamine-substituted-9,10 
anthraquinone; a molar ratio of 1:1 favors the formation of 
a purple-colored dye (Which is mainly a monoamine sub 
stituted-9,10-anthraquinone). 
[0045] Colorant compounds of the present invention may 
be combined With other colorants in making an ink or toner 
composition. For example, it may be desirable for certain 
applications to combine the present colorant or colorants 
With one or more polymeric dyes as described in Us. Pat. 
No. 5,621,022 or conventional phase change ink colorants 
such as those described in Us. Pat. Nos. 4,889,560 and 
5,372,852, Which are hereby incorporated by reference in 
their entirety. 

[0046] Furthermore, one or more anthraquinone colorants 
of the present invention (either With or Without other colo 
rants present) may be combined With conventional ink or 
toner particle components, including but not limited to toner 
resins, charge control agents, ?oW agents and the like and 
phase change ink carrier components such as amide Waxes 
(e.g., tetra-amide compounds, hydroxyl-functional tetra 
amide compounds, mono-amides, hydroxyl-functional 
mono-amides), resinous components (e.g., urethane and 
urea resins, mixed urethane/urea resins), tacki?ers, tough 
ening agents, hardeners, adhesion promoters, plasticiZers, 
antioxidants, viscosity reducing agents such as those dis 
closed in Us. Pat. Nos. 4,889,560; 4,889,761; 5,372,852; 
5,621,022; 5,700,851; 5,750,604; 5,780,528; 5,782,966; 
5,783,658; 5,827,918; and 5,830,942, each of Which is 
hereby incorporated by reference in its entirety, and the like. 

[0047] The preferred amounts of each colorant and its 
components Will depend upon the particular end use appli 
cation. For example, some colorants of the invention can be 
used alone in applications such as phase change ink printing, 
Where they have a melting temperature and a viscosity at the 
jetting temperature that closely parallel those of other phase 
change inks (e.g., a viscosity of 11-13 cPs at 140° C.). This 
can provide sharp images With a relatively loW volume of 
ink, With various attendant bene?ts. On the other hand, they 
can also provide good coloration in amounts of one percent 
or less by Weight With other ink or toner components. Thus 
amounts such as 05-10 Wt %, 1-5 Wt. % or 1-2 Wt. % are 
desirable for some applications. 

[0048] Inks and toners of the invention may be used to 
form images in printing and xerographic processes as 
described above, and in other Ways. For example, inks of the 
invention may be used as phase change inks in ink jet 
printing devices, Wherein they are melted and droplets of 
them are ejected directly onto a substrate, or onto an 
intermediate transfer member such as a drum or belt and 
then transferred to a substrate. Toner particles of the inven 
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tion may similarly be electrostatically attracted to an imag 
ing member such as a photoreceptor or the like and trans 
ferred directly or through an intermediate transfer member, 
and fused to the substrate by pressure and/or heat. 

[0049] The following Examples are presented to illustrate 
the invention and to be illustrative of the formulations that 
can successfully be employed, without any intent to limit the 
invention to the speci?c materials, processes or structures 
employed. All parts and percentages are by weight and all 
temperatures are degrees Celsius unless explicitly stated 
otherwise. 

EXAMPLE 1 

Cyan Dye Made from LeucoquiniZarin QuiniZarin 
and Octadecylamine 

[0050] To a 1000 ml four-neck resin kettle equipped with 
a TruboreTM stirrer and thermocouple-temperature control 
ler, N2 atmosphere, and vacuum adapter were added about 
25.0 grams (0.103 moles) of leucoquiniZarin,1 about 75.0 
grams (0.313 moles) of quiniZarin,2 and about 223.7 grams 
(0.831 moles) of octadecyl amine3 and stirred thoroughly. 
The mixture was carefully heated to 90° C. with N2 atmo 
sphere, at which time it became molten and agitation was 
begun. After 2.5 hours at 90° C., N2 addition was stopped, 
vacuum was introduced to the reaction vessel and the 
temperature was increased to 100° C. After 30 minutes the 
vacuum was removed and N2 re-introduced, and the tem 
perature was maintained at 100° C. for 1 hour. Asample was 
taken and an absorbance ratio at 600 and 650 nms measured, 
in toluene, using a Perkin Elmer Lambda 2S UV/V IS 
spectrophotometer. The ratio was less than the desired 0.90 
and there was little to no absorbance in the 450-500 nm 
range. The N2 atmosphere was removed and air (containing 
O2) was vigorously blown into the reaction vessel to ensure 
complete oxidation. After 2 hours the spectral strength and 
absorbance ratio were measured on a sample and indicated 
that the reaction was complete. The ?nal product was a blue 
solid wax at room temperature characteriZed by the follow 
ing physical properties: viscosity of about 10.8 cPs as 
measured by a Ferranti-Shirley cone-plate viscometer at 
about 140° C., and a spectral strength of about 20,900 
milliliters-absorbance units per gram at lambdarnaX as mea 
sured in toluene using a Perkin Elmer Lambda 2S UV/V IS 
spectrophotometer. The ?nal product is believed to be the 
compound having the chemical formula III shown above: 
1Leucoquinizarin—available from Aldrich Chemicals of Milwaukee, Wis. 

2Quinizarin—available from Aceto Corp. of Lake Success, N.Y. 

3ARMEEN 18D FLK—octadecyl amine available from Akzo Nobel Chemi 
cals Inc. of McCook, Ill. 

EXAMPLE 2 

Royal Blue Dye Made from LeucoquiniZarin, 
QuiniZarin and Octadecyl Amine 

[0051] To a 140 ml beaker equipped with a Te?onTM 
coated magnetic stir bar and placed in a silicone oil bath on 
a stirring hot plate were added about 12.1 grams (0.05 
moles) of leucoquiniZarin,1 about 12.0 grams (0.05 moles) 
of quiniZarin,2 and about 40.4 grams (0.150 moles) octade 
cyl amine3 and stirred thoroughly. The mixture was carefully 
heated to 70° C. with N2 atmosphere, at which time it 
became molten and agitation was begun. After 2.0 hours at 
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70° C., the temperature was slowly increased to 115° C. over 
1 hour and held for an additional hour. During this time 
samples were taken and diluted in toluene and measured in 
a UV/VIS spectrophotometer to monitor reaction comple 
tion. N2 addition was stopped, and an O2 atmosphere intro 
duced to the reaction vessel, and the temperature was 
increased to 140° C. After 2 hours at 140° C., a sample was 
taken and an absorbance ratio at 600 and 650 nms measured, 
in toluene, using a Perkin Elmer Lambda 2S UV/VIS 
spectrophotometer. The ratio was 0.927 and there was little 
to no absorbance in the 450-500 range. The spectral strength 
of about 18,020 milliliters-absorbance units per gram at 
lambdamax was measured in toluene using a Perkin Elmer 
Lambda 2S UV/V IS spectrophotometer. The ?nal product is 
believed to be two compounds with the chemical formulae 
of III and IV above. 

1Leucoquinizarin—available from Aldrich Chemicals of Milwaukee, Wis. 

2Quinizarin—available from Aceto Corp. of Lake Success, N.Y. 

3ARMEEN 18D FLK—octadecyl amine available from Akzo Nobel Chemi 
cals Inc. of McCook, Ill. 

EXAMPLE 3 

Purple Dye Made from LeucoquiniZarin, QuiniZarin 
and Octadecyl Amine 

[0052] To a 500 ml four-neck resin kettle equipped with a 
TruboreTM stirrer and thermocouple-temperature controller, 
vacuum adapter, and N2 atmosphere were added about 30.0 
grams (0.125 moles) of quiniZarin2 and about 49.2 grams 
(0.183 moles) octadecyl amine3 and stirred thoroughly. The 
mixture was carefully heated to 80° C. with N2 atmosphere, 
at which time it became molten and agitation was begun. At 
that time, about 12.2 grams (0.0504 moles) of leucoqui 
niZarin1 were added over 30 minutes and the temperature 
was increased to 90° C. with a N2 atmosphere maintained. 
After 40 minutes at 90° C. the temperature was increased to 
100° C. After 1 hour at 100° C. the temperature was 
increased to 110° C. After about 7 hours at 110° C., the N2 
atmosphere was removed and an O2 atmosphere introduced. 
The heating was continued for about 3 hours. A sample was 
taken and an absorbance ratio at 602 and 561 nms measured, 
in toluene, using a Perkin Elmer Lambda 2S UV/VIS 
spectrophotometer. The ?nal product was a purple solid wax 
at room temperature characteriZed by the following physical 
properties: Spectral strength of about 19,162 
milliliters~absorbance units per gram at lambdarnaX as mea 
sured in toluene using a Perkin Elmer Lambda 2S UV/VIS 
spectrophotometer. The ?nal product is believed to be the 
compound having the chemical formula IV above. 
1Leucoquinizarin—available from Aldrich Chemicals of Milwaukee, Wis. 

2Quinizarin—available from Aceto Corp. of Lake Success, N.Y. 

3ARMEEN 18D FLK—octadecyl amine available from Akzo Nobel Chemi 
cals Inc. of McCook, Ill. 

EXAMPLE 4 

Cyan Hybrid Ink Made from a Hybrid Ink Base 
and Cyan Colored Substituted Anthraquinone Dye 

[0053] In a stainless steel beaker were combined 345.6 
grams of the molten reaction mixture from Example 5 from 
US. Ser. No. 09/023,366, ?led Feb. 13, 1998, 123.5 grams 
of molten Polywax PE8501 (250 grams), 8.3 grams of the 
cyan dye from Example 1 and 24.3 grams of the urethane/ 
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urea resin from Example 2 of US. Pat. No. 5,830,942 as a 
viscosity adjuster. The materials Were blended by stirring in 
a temperature controlled mantle for 2 hours at 125° C. The 
ink Was then ?ltered through a heated (125° C.) Mott 
apparatus (available from Mott Metallurgical) using a #3 
Whatman ?lter paper at 15 psi. The ?ltered hybrid ink Was 
poured into molds and alloWed to solidify to form ink sticks. 
The ?nal cyan ink product Was characteriZed by folloWing 
physical properties: viscosity of about 11.5 cPs at 140° C. as 
measured by a Ferranti-Shirley cone-plate viscometer, and 
tWo melting points at about 91° C. and about 105° C. as 
measured by differential scanning calorimetry using a 
duPont 2100 calorimeter. The Tg of this ink Was not mea 
sured. The spectral strength of the ink Was determined using 
a spectrophotographic procedure based on the measurement 
of the colorant in solution by dissolving the ink in butanol 
and measuring the absorbance using a Perkin Elmer Lambda 
2S UV/V IS spectrophotometer. The spectral strength of the 
ink Was measured as about 340 milliliters-absorbance units 
per gram at the lambdarnaX of 647 nm. This ink Was placed 
in a Phaser 350 printer Which uses an offset transfer printing 
process. The ink Was printed using a print head temperature 
of 140° C., a drum temperature of 60° C. and a paper preheat 
temperature of 60° C. The ?nished cyan prints Were found 
to have the folloWing CIELab color values: 
1PolyWax PE850—Polyethylene Wax available from Baker Petrolite Co. of 
Tulsa, Okla. 

1* a" b* 

CYAN INK ON PAPER 57.2 -3.7 -31.4 

EXAMPLE 5 

Black Hybrid Ink Made from a 
Polycarbonate-mnodi?ed Hybrid Ink Base, Blue 
Colored Substituted Anthraquinone Dye and 

Commercial Red and Orange Dyes 

[0054] In a stainless steel beaker Were combined 135 
grams of the polycarbonate-modi?ed resin from Example 11 
of US. patent application Ser. No. 09/023,851, 166.7 grams 
of PolyWax PE8501 and 141 grams of S-180 amideWax,2 
22.9 grams of the royal blue dye from Example 2, 1.03 
grams of Solvent Red 1953 dye and 2.28 grams of Disperse 
Orange 474 dye. The materials Were melted by placing them 
in a 135° C. oven overnight, then blended by stirring in a 
temperature controlled mantle for 2 hours at 125° C. The ink 
Was then ?ltered through a heated (125° C.) Mott apparatus 
(available from Mott Metallurgical) using a #3 Whatman 
?lter paper at 15 psi. The ?ltered hybrid ink Was poured into 
molds and alloWed to solidify to form ink sticks. The ?nal 
black ink product Was characteriZed by the folloWing physi 
cal properties: viscosity of about 12.9 cPs at 140° C. as 
measured by a Ferranti-Shirley cone-plate viscometer, and 
tWo melting points at about 91° C. and about 105° C. as 
measured by differential scanning calorimetry using a 
duPont 2100 calorimeter. The Tg of this ink Was not mea 
sured. The spectral strength of the ink Was determined using 
a spectrophotographic procedure based on the measurement 
of the colorant in solution by dissolving the ink in butanol 
and measuring the absorbance using a Perkin Elmer Lambda 
2S UV/V IS spectrophotometer. The spectral strength of the 
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ink measured as about 1100 milliliters-absorbance units per 

gram at the lambdrnaX of 599 nm. This ink Was placed in a 
Phaser 340 printer Which uses an offset transfer printing 
process. The ink Was printed using a print head temperature 
of 140° C., a drum temperature of 60° C. and a paper preheat 
temperature of 60° C. The ?nished black prints Were found 
to have the folloWing CIELab color values. 

BLANK INK ON PAPER 20.4 0.4 0.2 

[0055] 
1PolyWax PE850—Polyethylene Wax available from Baker Petrolite Co. of 
Tulsa, Okla. 

2Kemamide S—180—stearyl stearamide available from Witco Chemical Com 
pany of Memphis, Tenn. 

3Solvent Red 195—Solvaperm Red BB available from Clariant GmbH, 
Frankfurt, Germany. 
4Disperse Orange 17—Macrolex Orange R available from Keystone Inc., 
Chicago, Ill. 

EXAMPLE 6 

Black Hybrid Ink Made from a 
Polycarbonate-modi?ed Hybrid Ink Base Blue 
Colored Substituted Anthraquinone Dye, Violet 
Colored Substituted Anthraquinone Dye and 

Commercial and Orange Dye 

[0056] In a stainless steel beaker Were combined 135 
grams of the polycarbonate-modi?ed resin from Example 11 
of US. patent application Ser. No. 09/023,851, 117.3 grams 
of PolyWax PE8501 and 141 grams ofS-180 amideWax,2 
16.7 grams of the blue dye from Example 2, 8.3 grams of the 
violet dye from Example 3, and 2.72 grams of disperse 
Orange 473 dye. The materials Were melted by placing them 
in a 135° C. oven overnight, then blended by stirring in a 
temperature controlled mantle for 2 hours at 125° C. The ink 
Was then ?ltered through a heated (125° C.) Mott apparatus 
(available from Mott Metallurgical) using a #3 Whatman 
?lter paper at 15 psi. The ?ltered hybrid ink Was poured into 
molds and alloWed to solidify to form ink sticks. The ?nal 
black ink product Was characteriZed by the folloWing physi 
cal properties: viscosity of about 12.2 cPs at 140° C. as 
measured by a Ferranti-Shirley cone-plate viscometer, and 
tWo melting points at about 91° C. and about 105° C. as 
measured by differential scanning calorimetry using a 
duPont 2100 calorimeter. The Tg of this ink Was not mea 
sured. The spectral strength of the ink Was determined using 
a spectrophotographic procedure based on the measurement 
of the colorant in solution by dissolving the ink in butanol 
and measuring the absorbance using a Perkin Elmer Lambda 
2S UV/VIS spectrophotometer. The spectral strength of the 
ink Was measured as about 1182 milliliters-absorbance units 

per gram at the lambdarnaX of 599 nm. This ink Was placed 
in a Phaser 340 printer Which uses an offset transfer printing 
process. The ink Was printed using a print head temperature 
of 140° C., a drum temperature of 60° C. and a paper preheat 
temperature of 60° C. The ?nished 
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L" A" B" 

BLACK INK ON PAPER 21.4 1.7 1.8 

[0057] 
1PolyWaX PE850—Polyethylene WaX available from Baker Petrolite Co. of 
Tulsa, Okla. 
2Kemamide S—180—stearyl stearamide available from Witco Chemical Com 
pany of Memphis, Tenn. 

3Disperse Orange 47—MacroleX Orange R available from Keystone Inc., 
Chicago, Ill. 

[0058] While the invention has been described above With 
reference to speci?c embodiments thereof, it is apparent that 
many changes, modi?cations, and variations can be made 
Without departing from the inventive concept disclosed 
herein. 

[0059] Accordingly, the spirit and broad scope of the 
invention is intended to embrace all such changes, modi? 
cations and variations that may occur to one reading the 
disclosure. All patent applications, patents and other publi 
cations cited herein are hereby incorporated by reference in 
their entirety. 

What is claimed is: 
1. Asolid ink or toner composition comprising at least one 

solid ink or toner carrier component and at least one com 
patible colorant that is a substituted-9,10-anthraquinone 
compound, substituted With at least one monofunctional 
amine group. 

2. The composition of claim 1, Wherein said 9,10-an 
thraquinone compound is substituted With one monofunc 
tional amine group at the 1-position of the 9,10-an 
thraquinone. 

3. The composition of claim 1, Wherein said 9,10-an 
thraquinone compound is substituted With tWo monofunc 
tional amine groups at the 1- and 4-positions of the 9,10 
anthraquinone. 

4. The composition of claim 1, comprising a mixture of 
the substituted-9,10-anthraquinone compounds, said mix 
ture comprising l-monofunctional amine-substituted-9,10 
anthraquinone and 1,4-monofunctional amine-substituted-9, 
10-anthraquinone. 

5. The composition of claim 1, Wherein said at least one 
monofunctional amine group is at least one member selected 
from the group consisting of aliphatic monoamines, aro 
matic monoamines, aliphatic/aromatic monoamines, fused 
ring system monoamines, polyoxyalkylenemonoamines, 
and hydroXyl/amino-containing compounds. 

6. The composition of claim 1, Wherein said at least one 
monofunctional amine group is at least one CL2O aliphatic 
amine group. 

7. The composition of claim 1, Wherein said at least one 
monofunctional amine group is at least one C16_18 aliphatic 
amine group. 

8. The composition of claim 1, Wherein said at least one 
monofunctional amine group is at least one talloW amine 
group. 

9. The composition of claim 1, comprising a phase change 
carrier component as said solid ink carrier component. 

10. The composition of claim 1, comprising toner resin 
particles as said toner carrier component. 
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11. Amethod of forming an image, comprising forming an 
image of molten ink or toner on a substrate, and alloWing 
said ink or toner to solidify, Wherein said ink or toner 
comprises at least one substituted-9,10-anthraquinone com 
pound, substituted With at least one monofunctional amine 
group. 

12. The method of claim 11, comprising forming said 
image of molten ink by jetting said molten ink onto said 
substrate from an ink jet printer. 

13. The method of claim 12, Wherein said ink consists 
essentially of said at least one substituted-9,10-an 
thraquinone compound. 

14. The method of claim 11, comprising forming said 
image of molten toner by forming a latent image of unmol 
ten toner particles and then melting said toner particles. 

15. The method of claim 11, Wherein said at least one 
monofunctional amine group is at least one member selected 
from the group consisting of aliphatic monoamines, aro 
matic monoamines, aliphatic/aromatic monoamines, fused 
ring system monoamines, polyoxyalkylenemonoamines, 
and hydroXyl/amino-containing compounds. 

16. The method of claim 11, Wherein said at least one 
monofunctional amine group is at least one C16_18 aliphatic 
amine group. 

17. The method of claim 11, Wherein said at least one 
monofunctional amine group is at least one talloW amine 
group. 

18. A phase change ink, comprising a solid stick con?g 
ured to be loaded into a phase change ink jet printer, said 
stick comprising a substituted-9,10-anthraquinone com 
pound, substituted With at least one monofunctional amine 
group. 

19. The ink of claim 18, Wherein said stick consists 
essentially of said substituted-9,10-anthraquinone com 
pound. 

20. The ink of claim 18, Wherein said stick comprises said 
substituted-9,10-anthraquinone compound and a phase 
change ink carrier component. 

21. A colorant for an ink or toner, comprising a 9,10 
anthraquinone compound substituted With talloW amine. 

22. A method of forming a colorant compound, compris 
ing reacting an oXy- or halo-substituted-9,10-anthraquinone 
compound With at least one monofunctional amine to form 
a monofunctional amine-substituted-9,10-anthraquinone 
colorant compound product, Wherein said monofunctional 
amine is provided in a substantially stoichiometric amount 
relative to said product, and the reaction is carried out at a 
temperature above the melting points of both said mono 
functional amine and said product. 

23. The method of claim 22, Wherein the substituted-9, 
10-anthraquinone compound is a 1,4-oXy- or 1,4-halo-sub 
stituted-9,10-anthraquinone. 

24. The method of claim 22, Wherein the substituted-9, 
10-anthraquinone compound is leucoquiniZarin. 

25. The method of claim 22, Wherein the substituted-9, 
10-anthraquinone compound is quiniZarin. 

26. The method of claim 22, Wherein the substituted-9, 
10-anthraquinone compound is a mixture of quiniZarin and 
leucoquiniZarin 

27. The method of claim 22, Wherein said at least one 
monofunctional amine is at least one member selected from 
the group consisting of aliphatic monoamines, aromatic 
monoamines, aliphatic/aromatic monoamines, fused ring 
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system monoamines, polyoxyalkylenemonoamines, and 
hydroXyl/amino-containing compounds. 

28. The method of claim 22, wherein said at least one 
monofunctional amine is at least one C16_18 aliphatic amine. 

29. The method of claim 22, Wherein said at least one 
monofunctional amine is at least one talloW amine. 

30. The method of claim 23, Wherein a molar ratio of said 
amine to said 9,10-anthraquinone compound is from about 
1:1 to about 2:1. 

31. The method of claim 22, Wherein said reaction is 
carried out under reducing conditions. 
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32. A solid ink composition comprising at least one solid 
ink carrier component and at least one compatible colorant 
that is a substituted-9,10-anthraquinone compound, substi 
tuted With at least one monofunctional amine group. 

33. A toner composition comprising at least one toner 
carrier component and at least one compatible colorant that 
is a substituted-9,10-anthraquinone compound, substituted 
With at least one monofunctional amine group. 


