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Description

[0001] Disclosed herein are hot melt or phase change inks and methods for the use thereof. More specifically, disclosed
herein are hot melt or phase change inks particularly suitable for use in phase change ink jet printing processes with
reduced energy requirements.
[0002] U.S. Patent 6,860,930 (Wu et al.) discloses a phase change Ink composition comprising (a) a colorant and (b)
a carrier comprising a polyamide, wherein the polyamide component of the carrier contains at least about 10 percent
by weight of a branched triamide.
[0003] EP-A-1514912 discloses a phase change ink composition comprising (a) a colorant and (b) a carrier comprising
a polyamide, wherein the polyamide component of the carrier contains at least about 10 percent by weight of a branched
triamide.
[0004] WO 2005/054958 discloses a hot melt ink useful for phase change/hot melt inkjet printing comprising a colorant
and a colorant vehicle wherein the colorant vehicle includes a polyolefin wax having a melting point of from 50°C to
120°C and a melting range of from 5°C to 65°C. WO 2005/054958 mentions that a wax having a relatively low melting
point and a narrow melting range, obtained after separation of its lower and higher molecular weight fractions, is desirable
for the hot melt ink applications in order to reduce energy and enable low temperature fixing. This way, the ink vehicle
can be melted with less energy because an excess energy is not needed to liquefy the higher boiling components found
in waxes conventionally used with inks. The narrow melting range and resultant fast phase changes of the waxes useful
with the present invention also allow for high speed printing and fast drying hot melt.
[0005] While known compositions and processes are suitable for their intended purposes, a need remains for improved
phase change ink compositions. In addition, a need remains for phase change inks that can be jetted at temperatures
below 125°C. Further, a need remains for phase change Inks that can be jetted with reduced energy requirements.
Additionally, a need remains for phase change inks that can be jetted with less expensive printheads. There is also a
need for phase change inks that enable improved thermal stability of the inks manifested as the color’s stability over
time when heated in printers. In addition, there Is a need for phase change inks that enable improved printer reliability.
Further, there is a need for phase change inks that enable quick recovery times from standby mode. Additionally, there
is a need for phase change inks that enable printing with "Instant-on" mode. A need also remains for phase change inks
that exhibit desirable viscosity values at reduced printing temperatures. In addition, a need remains for phase change
inks that enable the aforementioned advantages and also exhibit good printing characteristics, such as transfixing
properties (including dither and solid fill dropout performance), acceptable jetting reliability, fold-ing and creasing per-
formance, color intensity, and recovery after standby mode. Further, a need remains for phase change inks that generate
images with improved hardness. Additionally, a need remains for phase change inks that generate images with improved
gloss. There is also a need for phase change inks that exhibit reduced sweating; sweating is a problem wherein some
ink ingredients migrate to the surface of solid ink sticks and aggregate at the ink stick surface inside the printer; the
sticky "sweat" gradually drains down to the bottom and can cause the ink sticks to be difficult to slide in the ink load
racks in the printers. In addition, there is a need for phase change inks that generate images with reduced showthrough
when printed on paper substrates. Further, there is a need for phase change inks that exhibit reduced clogging of
printheads while exhibiting all of the aforementioned advantages. Additionally, there is a need for phase change Inks
that enable reduced standby temperatures of phase change ink jet printheads without leading to clogging of the printhead
or the need for a purge upon recovery to the operational jetting temperature. A need also remains for phase change
inks with desirably low freezing points. In addition, a need remains for phase change inks that transfer efficiently from
an intermediate transfer member to a final recording substrate when the intermediate transfer member is at a desirably
high temperature to enable efficient transfer member cooling, which allows for efficient heat transfer and avoids automatic
printer shutoff or slowdown from overheating of the intermediate transfer member by the ink, while also enabling jetting
of the ink at a desirably low temperature. Further, a need remains for phase change inks that exhibit desirably high
smudge temperatures when still-hot prints pass along guidance tracks in the printer, thereby reducing accumulation of
ink along these guidance tracks that could later be transferred to blank paper.
[0006] The present invention provides in embodiments:

A phase change ink composition comprising an ink carrier and a colorant, said ink being suitable for use in an indirect
printing process wherein the ink is jetted from a printhead onto a heated intermediate transfer member and subse-
quently transferred from the intermediate transfer member to a final recording substrate, wherein: (a) the ink can
be jetted from the printhead onto the intermediate transfer member when the ink is maintained at a temperature of
125°C or lower; (b) the ink can be jetted without purging from a printer maintained at a standby temperature of 100°C
or lower; and (c) the ink has a cohesive failure temperature of at least 56°C,
wherein the ink carrier comprises (i) a branched triamide and (ii) a polyethylene wax or
a Fischer-Tropsch wax, and
wherein at least the lower 5 percent molecular weight fraction and at least the highest 5 percent molecular weight
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fraction have been removed from the polyethylene wax.

[0007] Preferred embodiments are set forth in the subclaims.

BRIEF DESCRIPTION OF THE DRAWING

[0008] The Figure is a reproduction of high temperature gel permeation chromatography curves obtained for polyeth-
ylene waxes and Fischer-Tropsch waxes of different average peak molecular weight values, showing the relative amounts
of molecules with different molecular weights present in the sample on the "y" axis and the retention time on the "x" axis.
[0009] The ink compositions disclosed herein are suitable for jetting in phase change ink jet printers. Phase change
ink jet printing can be performed by direct and indirect printing processes. One embodiment as disclosed herein is
directed to a process which comprises incorporating an ink as disclosed herein into an ink jet printing apparatus, melting
the ink, and causing droplets of the melted ink to be ejected in an imagewise pattern onto a recording substrate. A direct
printing process is also disclosed in, for example, U.S. Patent 5,195,430. In a direct printing process, the ink is jetted
directly onto a final recording substrate, such as paper, or transparency material. In a specific embodiment, the ink
compositions disclosed herein are particularly well suited for printing in an offset printing transfer or indirect printing
mode, as described in, for example, U.S. Patent 5,389,958 and 5,372,852. Another embodiment disclosed herein is
directed to a process which comprises Incorporating an ink as disclosed herein into an ink jet printing apparatus, melting
the ink, causing droplets of the melted ink to be ejected in an imagewise pattern onto an intermediate transfer member,
and transferring the ink in the imagewise pattern from the Intermediate transfer member to a final recording substrate.
In a specific embodiment, the intermediate transfer member is heated to a temperature above that of the final recording
sheet and below that of the melted ink in the printing apparatus. In another specific embodiment, the intermediate transfer
member and the final recording substrate are both heated; in this embodiment, variations are possible such as the
intermediate transfer member being heated to a temperature above that of the final recording substrate, the intermediate
transfer member being heated to a temperature below that of the final recording substrate, and the intermediate transfer
member being heated to a temperature substantially equal to that of the final recording substrate. In one specific em-
bodiment, the printing apparatus employs a piezoelectric printing process wherein droplets of the ink are caused to be
ejected in imagewise pattern by oscillations of piezoelectric vibrating elements. Inks as disclosed herein can also be
employed in other hot melt printing processes, such as hot melt acoustic ink jet printing, hot melt thermal ink jet printing,
hot melt continuous stream or deflection ink jet printing. Phase change inks as disclosed herein can also be used in
printing processes other than hot melt or phase change ink jet printing processes.
[0010] Any suitable substrate or recording sheet can be employed, including plain papers such as XEROX® 4024
papers, XEROX® Image Series papers, Courtland 4024 DP paper, ruled notebook paper, bond paper, silica coated
papers such as Sharp Company silica coated paper, JuJo paper, HAMMER-MILL LASERPRINT® paper, transparency
materials, fabrics, textile products, plastics, polymeric films, Inorganic substrates such as metals and wood.
[0011] The ink compositions disclosed herein can be jetted in phase change ink jet printers at desirably low jetting
temperatures. This characteristic enables reduced energy consumption by the ink jet printer, cost savings, improved
color stability as a result of the ink being subjected to reduced temperatures over time, improved reliability of the printer
as a result of the printer being operated at lower temperatures, and quick recovery times of the printer from standby mode.
[0012] The inks disclosed herein can be jetted at jetting temperatures of in one embodiment 125°C or lower, in another
embodiment 120°C or lower, in yet another embodiment 115°C or lower, and in still another embodiment 113°C or lower,
although the jetting temperature can be outside of these ranges.
[0013] By "jetted at jetting temperatures of 125°C or lower" is meant that when the ink is in the printer during standard
operating mode (as opposed to during warm-up mode), the ink can be jetted with no more than 2 percent failed jets. In
specific embodiments the ink can be jetted with no more than 1 percent failed jets, in another embodiment with no more
than 0.5 percent failed jets, and in yet another embodiment no more than 0.25 percent failed jets. For purposes herein,
the test fixture used to determine whether an ink passed or failed this test is a XEROX® PHASE® 8400 phase change
ink jet printer operated with drop mass and voltage set in the as-shipped conditions for the ink designated by the
manufacturer for that printer. The temperature of the ink being jetted from this printer can be modified by modifying either
the hardware or the software of this machine by one of ordinary skill in the art. The print used to quantify percent failed
jets includes one-half to one inch full width areas of solid fill and dithered fills (25%, 50% and 75%) for each color. Percent
failed jets is the number of failed jets per total jets averaged over 10 printed pages.
[0014] Many solid Ink jet printers heat the intermediate transfer member, the ink, and the final recording sheet to
ensure proper transfer of the image onto the final recording sheet. An intermediate transfer member heater typically
heats the intermediate transfer member and a separate printhead heater heats the printhead in which the ink is contained.
These heaters consume more power at higher temperatures, and power consumption is highest at the operating tem-
peratures. Lowering the power to the heaters allows the various components to cool off during periods of inactivity, but
that in turn Increases the restart time for the system as the inks and the intermediate transfer member both need to
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resume their operating temperatures. In addition, at a specific temperature - typically close to the temperature at which
the ink will solidify -- the printhead may need to be purged to ensure that all of the jets are refilled and ready to print
without any negative effects on image quality.
[0015] Environmentally sensitive and marketplace regulations now call for office equipment, such as reproduction
machines and multi-function devices, to be more energy efficient. Such environmental regulations or requirements for
office products are covered in the United States under what is currently called the "Energy Star Program", and under
various other similar programs in Europe and elsewhere. Such similar programs include "New Blue Angel" (Germany),
"Energy Conservation Law" (Japan), "Nordic Swan" (North Europe), and "Swiss Energy Efficiency Label" (Switzerland).
These environmental programs as well as the market (manufacturer/customer) set forth reduced power consumption
level requirements and requisite times to enter these modes. These reduced power consumption modes, such as standby,
low power, power saver, energy saver, sleep, vary In power levels and consume less power than in "Ready" mode, but
greater than when in "Off" mode. When the machine is in a reduced power consumption mode as required to meet these
environmental program and/or market requirements, recovery times are increased. Timely and satisfactory recovery
from these significantly reduced power consumption levels back to the operating temperatures are important to a cus-
tomer, but can be difficult.
[0016] The ink compositions disclosed herein can be printed in phase change ink jet printers with desirably low standby
temperatures. Standby temperature is the temperature at which the printer maintains the ink while in an "energy saver"
mode, and by definition is able to return to the higher operational temperature without requiring a purge. The ink can be
maintained at lower temperatures if desired to save energy costs, but purging of the printhead would then be required
to clear the jets of solidified ink. This characteristic is desirable for reasons similar to those for which low jetting temper-
atures are desirable. Low standby temperatures reduce power consumption and reduce ink cooking. They can also
potentially Increase reliability and decrease drop mass drift.
[0017] The Inks disclosed herein can be maintained at standby temperatures of in one embodiment 100°C or lower;
in another embodiment 95°C or lower, and in yet another embodiment 90°C or lower, although the standby temperature
can be outside of these ranges.
[0018] By "jetted without purging from a printer maintained at a standby temperature of 100°C or lower" is meant that
the ink can be maintained in a printer at this temperature for a period of at least 1 week and subsequently jetted at its
operational jetting temperature without any need for purging and with no more than 2 percent failed jets. In specific
embodiments the ink can be jetted with no more than 1 percent failed jets, In another embodiment with no more than
0.5 percent failed jets, and in yet another embodiment no more than 0.25 percent failed jets. For purposes herein, the
test fixture used to determine whether an ink passed or failed this test is a XEROX® PHASER® 8400 phase change
ink jet printer operated with drop mass and voltage set in the as-shipped conditions for the ink designated by the
manufacturer for that printer. The standby temperature of the ink being jetted from this printer can be modified by
modifying either the hardware or the software of this machine by one of ordinary skill in the art. The print used to quantify
percent failed jets includes one-half to one inch full width areas of solid fill and dithered fills (25%, 50% and 75%) for
each color. Percent failed jets is the number of failed jets per total jets averaged over 10 printed pages. The prints are
made immediately after recovery from standby and without purging the printhead.
[0019] When employed In Indirect printing processes wherein the ink is jetted onto a heated intermediate transfer
member, the ink compositions disclosed herein can be jetted onto and transferred off intermediate transfer members
maintained at desirably high temperatures. This characteristic can be desirable because increased intermediate transfer
member temperature facilitates the needed temperature gradient relative to ambient in order to transfer sufficient heat
such that sustained printing can be achieved. More specifically, heat travels only from a hot body to a colder body, and
the amount of heat transfer is approximately proportional to the temperature delta between the two. Therefore, heat
transfers faster if the temperature difference is larger. Faster print speeds put more ink on the intermediate transfer
member and thus require more intermediate transfer member cooling. Accordingly, if the temperature difference between
the intermediate transfer member and ambient temperature is not sufficiently large, the intermediate transfer member
will not cool fast enough to maintain its operational temperature. Higher intermediate transfer member temperatures,
therefore, are desirable to enable more rapid cooling of the member by exposure to ambient temperature.
[0020] When inks are jetted onto intermediate transfer members maintained at temperatures beyond their cohesive
failure temperatures, the inks do not transfer properly from the intermediate transfer member to the final recording
substrate because the inner cohesive bonds within the ink become weaker than the adhesive bond between the ink and
the intermediate transfer member. The ink splits apart on the intermediate transfer member, resulting in only some of
the ink transferring to the final recording substrate while the remainder is left behind on the intermediate transfer member.
Accordingly, while higher intermediate transfer member temperatures are desirable, heating of the intermediate transfer
member cannot be to a temperature higher than the cohesive failure temperature of the ink. Typically, the intermediate
transfer member can be heated to a temperature at or slightly below the cohesive failure temperature of the phase
change ink, in one specific embodiment from 4 to 10°C below the cohesive failure temperature of the ink.
[0021] The inks disclosed herein have cohesive failure temperatures of in one embodiment at least 56°C, in another
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embodiment at least 60°C, and in yet another embodiment at least 65°C, although the cohesive failure temperature can
be outside of these ranges.
[0022] By "cohesive failure temperature of at least 56°C" is meant that the ink can be maintained at about this tem-
perature when residing on the intermediate transfer member, followed by transferring the ink to a final substrate, wherein
the ink is transferred entirely to the final substrate, as opposed to the ink splitting and some of the ink remaining on the
intermediate transfer member. For purposes herein, the test fixture used to determine whether an ink passed or failed
this test is a XEROX® PHASER® 8400 phase change ink jet printer operated with drop mass and voltage set in the as-
shipped conditions for the ink designated by the manufacturer for that printer and the temperature of the final recording
substrate set in the as-shipped conditions. The intermediate transfer member temperature of this printer can be modified
by modifying either the hardware or the software by one of ordinary skill in the art. The print used to quantify cohesive
failure temperature includes one inch to two inch full width areas of solid fill for each color. At every tested drum tem-
perature, one image is printed followed by a blank sheet. To pass the cohesive failure test, the blank sheet contains no
visible ink (other than the possibility of some isolated fragments near the edges of a solid fill that would be attributable
to satellites from jetting). The cohesive failure temperature is the first temperature to display visible fractured ink on the
blank page.
[0023] The ink compositions disclosed herein In one embodiment have peak melting points of no lower than 50°C, in
another embodiment of no lower than 60°C, and in yet another embodiment of no lower than 70°C, and have peak
melting points in one embodiment of no higher than 160°C, in another embodiment of no higher than 140°C, and in yet
another embodiment of no higher than 100°C, although the peak melting point can be outside of these ranges.
[0024] The ink compositions disclosed herein in one embodiment have onset melting points of no lower than 50°C,
in another embodiment of no lower than 52°C, and in yet another embodiment of no lower than 55°C, and have onset
melting points in one embodiment of no higher than 75°C, in another embodiment of no higher than 72°C, and in yet
another embodiment of no higher than 69°C, although the onset melting point can be outside of these ranges.
[0025] The ink compositions disclosed herein generally have melt viscosities at the jetting temperature (in one em-
bodiment no lower than 75°C, in another embodiment no lower than 85°C, and in yet another embodiment no lower than
95°C, and in one embodiment no higher than 150°C, and in another embodiment no higher than 120°C, although the
jetting temperature can be outside of these ranges) in one embodiment of no more than 30 mPa·s (30 centipoise), in
another embodiment of no more than 20 mPa·s (20 centipoise) and in yet another embodiment of no more than 15
mPa·s (15 centipoise), and in one embodiment of no less than 2 mPa·s (2 centipoise), in another embodiment of no less
than 5 mPa·s (5 centipoise) and in yet another embodiment of no less than 7 mPa·s (7 centipoise), although the melt
viscosity can be outside of these ranges. In another specific embodiment, the inks have viscosities of from 7 to 15 mPa·s
(7 to 15 centipoise) at temperatures of about 110, 115, and/or 120°C.
[0026] In one embodiment the ink comprises (a) a colorant and (b) a phase change ink carrier, said carrier comprising
(i) a branched triamide and (ii) a polyethylene wax. Another embodiment of an ink that exhibits the specified characteristics
comprises (a) a colorant and (b) a phase change ink carrier, said carrier comprising (i) a branched triamide and (ii) a
Fischer-Tropsch wax.
[0027] Branched triamides are disclosed in, for example, U.S. Patent 6,860,930.
[0028] In one specific embodiment, when the triamide is of the formula

the total number of carbon atoms in R1 + Ra +Rb + Rc +Rd + Re + Rf is at least 7, in another embodiment at least 10,
and in yet another embodiment at least 12, and in one embodiment no more than 500, in another embodiment no more
than 350, and in yet another embodiment no more than 300, although the total number of carbon atoms can be outside
of these ranges. In another specific embodiment, each of Ra, Rd, Rb, Re, Rc, and Rl, independently of the others, has
no more than 50 carbon atoms, and in yet another specific embodiment no more than 48 carbon atoms, although the
number of carbon atoms can be outside of these ranges.
[0029] In one specific embodiment, when the triamide is of the formula
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the total number of carbon atoms In R2 + Rg +Rh + Rj +Rk + Rp + Rq is at least 7, in another embodiment at least 10,
and in yet another embodiment at least 12, and in one embodiment no more than 500, in another embodiment no more
than 350, and in yet another embodiment no more than 300, although the total number of carbon atoms can be outside
of these ranges. In another specific embodiment, each of Rg, Rh, Rj, Rk, Rp, and Rq, independently of the others, has
no more than 50 carbon atoms, and in yet another specific embodiment no more than 48 carbon atoms, although the
number of carbon atoms can be outside of these ranges.
[0030] In one specific embodiment, when the triamide is of the formula

the total number of carbon atoms in R1 + Ra +Rb + Rd +Re + Rg + Rh is at least 7, in another embodiment at least 10,
and in yet another embodiment at least 12, and in one embodiment no more than 500, in another embodiment no more
than 350, and in yet another embodiment no more than 300, although the total number of carbon atoms can be outside
of these ranges. In another specific embodiment, each of Ra, Rd, Rb, Re, Rg, and Rh, Independently of the others, has
no more than 50 carbon atoms, and in yet another specific embodiment no more than 48 carbon atoms, although the
number of carbon atoms can be outside of these ranges.
[0031] In one specific embodiment, when the triamide is of the formula

the total number of carbon atoms in R2 + Ra +Rd + Rg +Rh + Rj + Rk is at least 7, in another embodiment at least 10,
and in yet another embodiment at least 12, and in one embodiment no more than 500, in another embodiment no more
than 350, and in yet another embodiment no more than 300, although the total number of carbon atoms can be outside
of these ranges. In another specific embodiment, each of Ra, Rd, Rg, Rh, Rj, and Rk, independently of the others, has
no more than 50 carbon atoms, and in yet another specific embodiment no more than 48 carbon atoms, although the
number of carbon atoms can be outside of these ranges.
[0032] It must be emphasized that not all of the amide groups in the first formula need to be directly bonded to the
same atom in the R1 or R2 group, and In one specific embodiment of the present invention, each amide group is bonded
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to a different atom in the R1 or R2 group.
[0033] In one specific embodiment, the branched triamide is of the formula

wherein x, y, and z each, independently represent the number of propyleneoxy repeat units and x+y+z is from 5 to 6,
and wherein p, q, and r each, independently of the others, are integers representing the number of repeat -(CH2)- units
and are in one embodiment at least 15, in another embodiment is at least 20, and in another embodiment is at least 26,
and are one embodiment no more than 60, in another embodiment are no more than 55, and are in yet another embodiment
no more than 45, although the value of p, q, and r can be outside of these ranges. The triamide composition is frequently
obtained as a mixture of materials, wherein p, q, and r are each peak average chain length numbers within the composition,
rather than uniform compositions wherein each molecule has the same value for p, q, and r, and it must be understood
that within the mixture, some individual chains may be longer or shorter than the given numbers.
[0034] The triamide is present in the ink in any desired or effective amount, in one embodiment at least 2 percent by
weight of the phase change ink carrier, in another embodiment at least 5 percent by weight of carrier, and in yet another
embodiment at least 10 percent by weight of the carrier, and in one embodiment no more than 50 percent by weight of
the carrier, in another embodiment no more than 40 percent by weight of the carrier, and in yet another embodiment no
more than 35 percent by weight of the carrier, although the amount can be outside of these ranges.
[0035] The polyethylene wax in one specific embodiment has an average peak molecular weight, as measured by
high temperature gel permeation chromatography, of in one embodiment at least 350, in another embodiment at least
400, and in yet another embodiment at least 470, and in one embodiment no more than 730, in another embodiment
no more than 700, and in yet another embodiment no more than 600, although the average peak molecular weight can
be outside of these ranges.
[0036] The polyethylene wax in one specific embodiment has a polydispersity (determined by dividing weight average
molecular weight by number average molecular weight) in one embodiment of at least 1.0001, and in one embodiment
of no more than 1.500, in another embodiment of no more than 1.400, in yet another embodiment of no more than 1.300,
in still another embodiment of no more than 1.200, in another embodiment of no more than 1.100, and in yet another
embodiment of no more than 1.050, although the polydispersity can be outside of these ranges.
[0037] The polyethylene wax in one specific embodiment has a peak melting point (as measured by differential scanning
calorimetry (DSC)) in one embodiment of at least 50°C, in another embodiment at least 60°C, and in yet another
embodiment of at least 70°C, and in one embodiment of no more than 130°C, in another embodiment of no more than
125°C, and in yet another embodiment of no more than 120°C, although the peak melting point can be outside of these
ranges.
[0038] The polyethylene wax In one specific embodiment has an onset melting point (as measured by differential
scanning calorimetry (DSC)) in one embodiment of at least 50°C, in another embodiment at least 52°C, and in yet another
embodiment of at least 55°C, and in one embodiment of no more than 71°C, in another embodiment of no more than
70°C, and in yet another embodiment of no more than 69°C, although the onset melting point can be outside of these
ranges.
[0039] The polyethylene wax in one specific embodiment has a melting range, which is defined as the difference
between ending melting point and onset melting point as defined in ASTM D3418-03, in one embodiment of at least
5°C, in another embodiment at least about 8°C, and in yet another embodiment of at least 10°C, and in one embodiment
of no more than 40°C, in another embodiment of no more than 35°C, and in yet another embodiment of no more than
30°C, although the melting range can be outside of these ranges.
[0040] The polyethylene wax in one specific embodiment has a freezing point (as measured by differential scanning
calorimetry (DSC)) in one embodiment of at least 40°C, in another embodiment at least 50°C, and in yet another
embodiment of at least 55°C, and in one embodiment of no more than 80°C, in another embodiment of no more than
75°C, and in yet another embodiment of no more than 70°C, although the freezing point can be outside of these ranges.
[0041] Fischer-Tropsch waxes can be prepared from the hydrogen and carbon monoxide mixture obtained by passing
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steam over hot coal. The synthesis can be carried out with metallic catalysts at high temperature and pressure. They
are synthetic hydrocarbons, as opposed to natural hydrocarbons. They differ from polyethylene waxes, which are pre-
pared by the polymerization of ethylene (CH2=CH2) In that polyethylene waxes tend to be completely linear, whereas
Fischer-Tropsch waxes tend to have some degree of branching therein. Because of this branching, Fischer-Tropsch
waxes tend to be somewhat less crystalline and somewhat less hard compared to the perfectly linear polyethylene waxes.
[0042] Fischer-Tropsch waxes included in the inks disclosed herein have an average peak molecular weight, as
measured by high temperature gel permeation chromatography, of in one embodiment at least 300, in another embod-
iment at least 375, and in yet another embodiment at least 400, and in one embodiment no more than 800, in another
embodiment no more than 750, and In yet another embodiment no more than 700, although the average peak molecular
weight can be outside of these ranges.
[0043] The Fischer-Tropsch wax has a polydispersity (determined by dividing weight average molecular weight by
number average molecular weight) in one embodiment of at least 1.001, in another embodiment of at least 1.005, and
in yet another embodiment of at least 1.010, and in one embodiment of no more than 3, in another embodiment of no
more than 2.5, and in yet another embodiment of no more than 2, although the polydispersity can be outside of these
ranges.
[0044] The Fischer-Tropsch wax has a peak melting point (as measured by differential scanning calorimetry (DSC))
in one embodiment of at least 50°C, in another embodiment at least 55°C, and in yet another embodiment of at least
60°C, and in one embodiment of no more than 105°C, in another embodiment of no more than 100°C, and In yet another
embodiment of no more than 95°C, although the peak melting point can be outside of these ranges.
[0045] The Fischer-Tropsch wax has an onset melting point (as measured by differential scanning calorimetry (DSC))
in one embodiment of at least 40°C, in another embodiment at least 45°C, and in yet another embodiment of at least
50°C, and in one embodiment of no more than 105°C, in another embodiment of no more than 100°C, and in yet another
embodiment of no more than 95°C, although the onset melting point can be outside of these ranges.
[0046] The Fischer-Tropsch wax has a melting range, which is defined as the difference between ending melting point
and onset melting point as defined in ASTM D3418-03, in one embodiment of at least 5°C, in another embodiment at
least 8°C, and in yet another embodiment of at least 10°C, and in one embodiment of no more than 40°C, in another
embodiment of no more than 30°C, and in yet another embodiment of no more than 25°C, although the melting range
can be outside of these ranges.
[0047] The Fischer-Tropsch wax has a freezing point (as measured by differential scanning calorimetry (DSC)) in one
embodiment of at least 40°C, in another embodiment at least 50°C, and in yet another embodiment of at least 55°C,
and in one embodiment of no more than 90°C, in another embodiment of no more than 88°C, and in yet another
embodiment of no more than 85°C, although the freezing point can be outside of these ranges.
[0048] The polyethylene or Fischer-Tropsch wax in one specific embodiment has a viscosity at 110°C in one embod-
iment of at least 3 mPa·s (3 centipoise), in another embodiment of at least 4 mPa·s (4 centipoise), and in yet another
embodiment of at least 4.5 mPa·s (4.5 centipoise), and in one embodiment of no more than 10 mPa·s (10 centipoise),
in another embodiment of no more than 9 mPa·s (9 centipoise), and in yet another embodiment of no more than 8 mPa·s
(8 centipoise), although the viscosity can be outside of these ranges.
[0049] By "average peak molecular weight" is meant that the polyethylene or Fischer-Tropsch wax, while comprising
a mixture of molecules of the formula -(CH2)n- wherein n is an integer representing the number of repeat -CH2- units,
has a distribution of molecules such that a plot of the relative amount of molecules versus the retention time or molecular
weight would appear as a bell curve, wherein the peak of the bell curve represents the average peak molecular weight.
In contrast, polyethylene or Fischer-Tropsch waxes having a different average peak molecular weight value, while they
may contain materials that overlap in the value of "n", will have different characteristics.
[0050] Shown in the Figure are measurements of molecular weight taken for some polyethylene waxes and some
Fischer-Tropsch waxes by high temperature gel permeation chromatography with a Polymer Labs 220HT system using
refractive index detection, a mobile phase of 1,2,4-trichlorobenzene, and two Polymer 3 Pm Mixed-E columns for sep-
aration. The entire system and the sample solution before injection were heated to 140°C. The molecular weights were
characterized using polyethylene standards for calibration. One material (PE500) was a polyethylene wax commercially
available from Baker Petrolite, Tulsa, OK, being POLYWAX® 500 (PE 500). Also measured was a polyethylene wax
commercially available from Baker Petrolite, Tulsa, OK, being POLYWAX® 655 (PE655). Also measured was a poly-
ethylene wax commercially available from Baker Petrolite, Tulsa, OK, having a molecular weight of about 655 (PE 655).
Also measured (PE-C) was a polyethylene wax obtained from Baker Petrolite, Tulsa, OK, being similar to POLYWAX®
500 but having had removed by distillation both the lowest 15 percent molecular weight fraction and the highest 15
percent molecular weight fraction. This distillation can be carried out as described in, for example, U.S. Patent Publication
2005/0130054. Also measured (FT-B) was a Fischer-Tropsch wax commercially available from Sasol Wax Americas,
Inc. as SASOLWAX® C80, said wax having been fractioned by distillation. Also measured (FT-C) was a Fischer-Tropsch
wax obtained from Sasol Wax Americas, Inc., said wax being similar to SASOLWAX® C80 but having had removed by
distillation the lowest 9 percent molecular weight fraction. Also measured (FT-D) was a Fischer-Tropsch wax obtained
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from Sasol Wax Americas, Inc., said wax being similar to SASOLWAX® C80 but having had removed by distillation the
lowest 20 percent molecular weight fraction. Also measured (FT-E) was a Fischer-Tropsch wax obtained from Sasol
Wax Americas, Inc., said wax being similar to SASOLWAX® C80 but having had removed by distillation the lowest 30
percent molecular weight fraction.

retention times (sec.) PE 500 PE 655 PE-C FT-B FT-C FT-D FT-E

750 0.1 -0.7 -0.9 -0.8 -0.7 -0.1 -1.1

755 0.2 -0.6 -0.9 -0.8 -0.7 -0.1 -1.1

760 0.2 -0.4 -0.9 -0.8 -0.7 -0.1 -1.1

765 0.2 -0.1 -0.9 -0.7 -0.7 -0.1 -1.0

770 0.3 0.1 -0.9 -0.6 -0.7 -0.1 -1.0

775 0.3 0.6 -0.9 -0.6 -0.7 -0.1 -1.0

780 0.4 1.2 -0.9 -0.5 -0.7 0.0 -1.0

785 0.6 2.1 -0.9 -0.5 -0.7 0.0 -1.0

790 0.8 3.6 -0.9 -0.4 -0.7 0.0 -1.0

795 1.0 6.0 -1.0 -0.3 -0.6 0.0 -1.0

800 1.3 9.7 -1.0 -0.3 -0.6 0.1 -1.0

805 1.8 14.8 -1.0 -0.2 -0.6 0.1 -0.9

810 2.3 21.8 -1.0 -0.1 -0.5 0.2 -0.8

815 3.2 30.6 -1.0 0.1 -0.4 0.3 -0.7

820 4.5 41.1 -1.0 0.2 -0.2 0.6 -0.4

825 6.3 52.6 -0.9 0.5 0.2 -1.0 0.0

830 8.9 64.5 -0.9 0.8 0.8 1.7 0.8

835 12.6 75.9 -0.7 1.4 2.1 3.1 2.3

840 17.6 85.8 -0.3 2.5 4.4 5.6 5.0

845 24.1 93.5 0.6 4.4 8.3 9.8 9.6

850 32.0 98.3 2.8 7.6 14.6 16.5 16.8

855 41.3 100.0 7.0 12.6 23.9 26.7 27.6

860 51.4 98.6 14.4 20.0 36.9 40.5 42.3

865 61.9 94.3 26.0 30.0 52.9 57.3 59.9

870 72.2 87.8 41.3 42.3 70.2 75.1 77.9

875 81.7 79.7 58.7 56.2 86.0 90.2 92.4

880 89.6 70.6 75.3 70.1 96.7 98.9 99.6

881 90.9 68.8 78.2 72.8 98.0 99.6 100.0

882 92.2 66.9 81.0 75.5 99.0 100.0 99.9

884 94.5 63.1 86.1 80.6 100.0 99.5 98.7

885 95.5 61.2 88.4 83.1 99.9 98.8 97.6

890 99.0 52.0 96.6 93.6 94.9 89.9 87.2

891 99.4 50.3 97.7 95.3 93.0 87.2 84.4

895 100.0 43.4 99.9 99.6 82.5 74.4 71.3

896.5 99.8 41.0 100.0 100.0 77.7 69.0 65.9



EP 1 792 954 B1

10

5

10

15

20

25

30

35

40

45

50

55

[0051] As measured by high temperature gel permeation chromatography, the peak average molecular weight (Mp),
number average molecular weight (Mn), weight average molecular weight (Mw), and polydispersity (MWD) as measured
by high temperature gel permeation chromatography for these waxes were as follows:

(continued)

retention times (sec.) PE 500 PE 655 PE-C FT-B FT-C FT-D FT-E

900 98.6 35.7 98.5 97.3 64.9 55.9 53.1

905 95.0 28.7 93.4 84.0 45.3 37.6 35.5

910 89.7 22.8 84.9 62.9 27.3 22.2 20.8

910.5 89.1 22.2 83.9 60.7 25.7 20.9 19.5

915 82.8 17.9 73.2 42.5 13.9 11.5 10.4

920 75.0 13.9 60.1 28.1 6.0 5.3 4.3

925 67.4 10.5 46.3 19.4 2.4 2.5 1.5

930 58.8 8.0 32.7 13.9 0.9 1.4 0.4

935 51.2 5.7 22.0 9.5 0.4 1.0 0.0

940 43.9 4.3 13.2 5.6 0.1 0.8 -0.2

945 36.7 2.9 7.7 2.7 -0.1 0.7 -0.4

950 31.3 2.0 3.9 1.1 -0.2 0.6 -0.5

955 25.2 1.2 2.0 0.3 -0.3 0.5 -0.5

960 21.4 0.8 0.7 -0.1 -0.4 0.5 -0.6

965 16.9 0.2 0.1 -0.3 -0.4 0.4 -0.7

970 13.5 0.1 -0.4 -0.3 -0.5 0.4 -0.7

975 11.4 -0.3 -0.6 -0.3 -0.6 0.3 -0.8

980 7.4 -0.4 -0.8 -0.3 -0.6 0.2 -0.8

985 6.8 -0.6 -0.9 -0.3 -0.7 0.2 -0.9

990 4.4 -0.8 -1.0 -0.4 -0.7 0.2 -0.9

995 2.9 -0.7 -1.0 -0.6 -0.8 0.1 -1.0

1000 2.6 -0.9 -1.0 -0.8 -0.8 0.1 -1.0

1005 1.5 -0.9 -1.1 -0.9 -0.8 0.1 -1.1

1010 0.9 -0.9 -1.1 -1.0 -0.9 0.1 -1.1

1015 0.9 -0.9 -1.1 -1.0 -0.9 0.1 -1.1

1020 0.6 -1.1 -1.1 -1.1 -0.9 0.1 -1.1

1025 0.4 -1.1 -1.2 -1.2 -0.9 0.1 -1.1

1030 0.4 -1.5 -1.2 -1.4 -0.8 0.1 -1.0

1035 0.7 -2.0 -1.4 -1.7 -0.8 0.2 -0.9

1040 0.9 -2.2 -1.8 -1.7 -0.6 0.4 -0.7

1045 0.8 -1.6 -1.8 -1.5 0.0 1.0 -0.2

Mp Mn Mw MWD

PE 500 572 516 570 1.10

PE 655 795 729 785 1.08
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[0052] Peak melting point (°C, as measured by differential scanning calorimetry using a DUPONT 2100 calorimeter
according to ASTM D 3418-03), onset melting point (°C, as measured by differential scanning calorimetry), viscosity at
110°C (centipoise, measured using a Rheometric Scientific RS-2000 core-plate viscometer), and freezing point (°C, as
measured by differential scanning calorimetry) of the high temperature gel permeation chromatography data of these
waxes were as follows:

[0053] Melted liquid clearness of the waxes was evaluated by melting samples of the waxes in glass jars and keeping
them in an oven at various temperatures, followed by checking them with the naked eye for clearness versus the presence
of precipitates over time. The results were as follows:

[0054] The results clearly indicate the advantage of the wax having had both the low molecular weight fraction and
the high molecular weight fraction removed in that no precipitates form therein even after 11 days. The cloudiness is
believed to indicate the presence of precipitates responsible for printhead clogging, which results in reduced ink flow
rate through screen filters in ink jet printhead, which in turn causes weak or missing jets.
[0055] The polyethylene wax in the inks disclosed herein have had some of the lowest molecular weight fraction
removed therefrom and so of the highest molecular weight fraction removed therefrom, more specifically at least the
lowest 5 percent molecular weight fraction removed therefrom, preferably at least the lowest 7.5 percent molecular
weight fraction removed therefrom, more preferably at least the lowest 10 percent molecular weight fraction removed
therefrom, even more preferably, at least the lowest 12.5 molecular weight fraction removed therefrom, and most pref-
erably at least the lowest 15 percent molecular weight fraction removed therefrom; and at least the highest 5 percent
molecular weight fraction removed therefrom, preferably at least the highest 7.5 percent molecular weight fraction re-
moved therefrom, more preferably at least the highest 10 percent molecular weight fraction removed therefrom, even
more preferably at least the highest 12.5 molecular weight fraction removed therefrom, and more preferably at least the

(continued)

Mp Mn Mw MWD

PE-C 582 562 579 1.03

FT-B 558 565 588 1.04

FT-C 620 619 635 1.03

FT-D 631 627 643 1.03

FT-E 637 630 646 1.03

peak MP onset MP melting range viscosity FP

PE 500 81.2 52.5 42.2 5.44 70.3

PE 655 94.6 72.3 29.6 ~ 33.0 9.80 85.5

PE-C 83.8 65.5 24.1 5.18 67.4

FT-B 82.1 69.5 22.1 5.53 70.1

FT-C 85.1 73.3 17.1 6.09 76.6

FT-D 86.1 74.5 16.2 6.26 78.2

FT-E 86.7 74.6 17.7 6.33 77.6

- - - = not measured or determined

PE 500 PE-C

1 day at 120°C clear clear

3 days at 110°C a little precipitate clear

6 days at 105°C a little precipitate clear

11 days at 100°C a little precipitate clear
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highest 15 percent molecular weight fraction removed therefrom, although the amount removed therefrom can be outside
of these ranges.
[0056] In some specific embodiments, the Fischer-Tropsch wax in the inks disclosed herein have had some of the
lowest molecular weight fraction removed therefrom, in one embodiment at least the lowest 5 percent molecular weight
fraction removed therefrom, in another embodiment at least the lowest 7.5 percent molecular weight fraction removed
therefrom, in yet another embodiment at least the lowest 10 percent molecular weight fraction removed therefrom, in
still another embodiment, at least the lowest 12.5 molecular weight fraction removed therefrom, in another embodiment
at least the lowest 15 percent molecular weight fraction removed therefrom, in yet another embodiment at least the
lowest 20 percent molecular weight fraction removed therefrom, in still another embodiment at least the lowest 25 percent
molecular weight fraction removed therefrom, in another embodiment at least the lowest 30 percent molecular weight
fraction removed therefrom, and in yet another embodiment at least the lowest 35 percent molecular weight fraction
removed therefrom, although the amount removed therefrom can be outside of these ranges.
[0057] The lowest molecular weight fraction and the highest molecular weight fraction can be removed from the
polyethylene or Fischer-Tropsch wax by any desired or effective method, including (but not limited to) the distillation
methods described in U.S. Patent Publication 2005/0130054, and the purification methods set forth in Copending Ap-
plication 11/126,745.
[0058] As stated hereinabove, the Fischer-Tropsch process used to generate the Fischer-Tropsch waxes differs from
the polymerization of ethylene process used to generate polyethylene waxes in that the Fischer-Tropsch process tends
to generate more branching in the resulting materials. 13C and 1H NMR spectra were used to measure the branching
extent and number of pendant -OH groups In some of the Fischer-Tropsch and polyethylene waxes. Samples were
dissolved in deuterated benzene and 13C NMR spectra were obtained on a Bruker Avance 400 NMR spectrometer at
78°C. In addition, DEPT (distortionless enhancement by polarization transfer) experiments were carried out to distinguish
CH, CH2, and CH3 carbons as an aid to spectral assignment. 1H NMR measurements were made on the same samples
on a Bruker Avance 500 NMR spectrometer at 78°C. The results were as follows:

[0059] The polyethylene wax is present in the ink in any desired or effective amount, in one embodiment at least 10
percent by weight of the phase change ink carrier, in another embodiment at least 15 percent by weight of carrier, and
in yet another embodiment at least 20 percent by weight of the carrier, and in one embodiment no more than 95 percent
by weight of the carrier, in another embodiment no more than 90 percent by weight of the carrier, and in yet another
embodiment no more than 85 percent by weight of the carrier, although the amount can be outside of these ranges.
[0060] The Fischer-Tropsch wax is present in the ink in any desired or effective amount, in one embodiment at least
1 percent by weight of the phase change ink carrier, in another embodiment at least 3 percent by weight of carrier, and
in yet another embodiment at least 5 percent by weight of the carrier, and in one embodiment no more than 99 percent
by weight of the carrier, in another embodiment no more than 97 percent by weight of the carrier, and in yet another
embodiment no more than 95 percent by weight of the carrier, although the amount can be outside of these ranges.
[0061] Additional examples of suitable phase change ink carrier materials are monoamides, tetra-amides, and mixtures
thereof. Specific examples of suitable fatty amide ink carrier materials include stearyl stearamide, such as KEMAMIDE
S-180, available from Crompton Corporation, Greenwich, CT. Further information on fatty amide carrier materials is
disclosed in, for example, U.S. Patent 4,889,560, U.S. Patent 4,889,761, U.S. Patent 5,194,638, U.S. Patent 4,830,671,
U.S. Patent 6,174,937, U.S. Patent 5,372,852, U.S. Patent 5,597,856, U.S. Patent 6,174,937, and British Patent GB 2
238 792. In one specific embodiment, a monoamide is present in the ink carrier in an amount in one embodiment of at
least 0.01 percent by weight of the carrier, in another embodiment of at least 2 percent by weight of the carrier, and in
yet another embodiment of at least 5 percent by weight of the carrier, and in one embodiment of no more than 90 percent
by weight of the carrier, in another embodiment of no more than 80 percent by weight of the carrier, and in yet another
embodiment of no more than 70 percent by weight of the carrier, although the amount can be outside of these ranges.
[0062] Also suitable as phase change ink carrier materials are isocyanate-derived resins and waxes, such as urethane
isocyanate-derived materials, urea isocyanate-derived materials, urethane/urea isocyonate-derived materials, and mix-
tures thereof. Further information on isocyanate-derived carrier materials is disclosed in, for example, U.S. Patent
5,750,604, U.S. Patent 5,780,528, U.S. Patent 5,782,966, U.S. Patent 5,783,658, U.S. Patent 5,827,918, U.S. Patent

Wax
# isolated long branches per 100 

chains
# methyl branches per 100 chains # pendant -OH groups per 100 

chains

PE 500 trace 0 trace

PE-C 0 1 1.2

FT-B 1.2 6.4 0



EP 1 792 954 B1

13

5

10

15

20

25

30

35

40

45

50

55

5,830,942, U.S. Patent 5,919,839, U.S. Patent 6,255,432, U.S. Patent 6,309,453, British Patent GB 2 294 939, British
Patent GB 2 305 928, British Patent GB 2 305 670, British Patent GB 2 290 793, PCT Publication WO 94/14902, PCT
Publication WO 97/12003, PCT Publication WO 97/13816, PCT Publication WO 96/14364, PCT Publication WO
97/33943, and PCT Publication WO 95/04760.
[0063] In one specific embodiment, the ink can contain a urethane resin obtained from the reaction of two equivalents
of ABITOL® E hydroabietyl alcohol (available from Hercules Inc., Wilmington, DE) and one equivalent of isophorone
diisocyanate, prepared as described In Example 1 of U.S. Patent 5,782,966. When present, this resin is present in the
ink in one embodiment In an amount of at least 1 percent by weight of the ink carrier, in another embodiment at least 2
percent by weight of the ink carrier, in yet another embodiment at least 3 percent by weight of the ink carrier, in another
embodiment at least 4 percent by weight of the ink carrier, and in yet another embodiment at least 5 percent by weight
of the ink carrier, and in one embodiment no more than 80 percent by weight of the ink carrier, in another embodiment
no more than 70 percent by weight of the ink carrier, and in yet another embodiment no more than 60 percent by weight
of the ink carrier, although the amount can be outside of these ranges.
[0064] In another specific embodiment, the ink can contain a urethane resin that is the adduct of three equivalents of
stearyl isocyanate and a glycerol-based alcohol prepared as described in Example 4 of U.S. Patent 6,309,453. When
present, this resin is present in the ink in one embodiment in an amount of at least 0.1 percent by weight of the ink
carrier, in another embodiment at least 0.5 percent by weight of the ink carrier, and in yet another embodiment at least
1 percent by weight of the ink carrier, and in one embodiment no more than 40 percent by weight of the ink carrier, in
another embodiment no more than 35 percent by weight of the ink carrier, and in yet another embodiment no more than
30 percent by weight of the ink carrier, although the amount can be outside of these ranges.
[0065] The ink carrier is present in the phase change ink in any desired or effective amount, in one embodiment of at
least 0.1 percent by weight of the ink, in another embodiment of at least 50 percent by weight of the ink, and in yet
another embodiment of at least 90 percent by weight of the ink, and in one embodiment of no more than 99 percent by
weight of the ink, in another embodiment of no more than 98 percent by weight of the ink, and in yet another embodiment
of no more than 95 percent by weight of the ink, although the amount can be outside of these ranges.
[0066] The phase change ink compositions also contain a colorant. The phase change carrier compositions can be
used in combination with phase change ink colorant materials such as Color Index (C.I.) Solvent Dyes, Disperse Dyes,
modified Acid and Direct Dyes, Basic Dyes, Sulphur Dyes, and Vat Dyes.
[0067] The colorant is present in the phase change ink in any desired or effective amount to obtain the desired color
or hue, in one embodiment at least 0.1 percent by weight of the ink, in another embodiment at least 0.2 percent by weight
of the ink, and in yet another embodiment at least 0.5 percent by weight of the ink, and In one embodiment no more
than 50 percent by weight of the ink, in another embodiment no more than 20 percent by weight of the ink, and in yet
another embodiment no more than 10 percent by weight of the ink, although the amount can be outside of these ranges.
[0068] The inks can also optionally contain an antioxidant. The optional antioxidants of the ink compositions protect
the images from oxidation and also protect the ink components from oxidation during the heating portion of the ink
preparation process. Specific examples of suitable antioxidants include NAUGUARD® 524, NAUGUARD® 76, and
NAUGUARD® 512 (commercially available from Uniroyal Chemical Company, Oxford, CT), and IRGANOX® 1010
(commercially available from Ciba Geigy). When present, the optional antioxidant is present in the ink in any desired or
effective amount, in one embodiment of at least 0.01 percent by weight of the ink, in another embodiment of at least
0.05 percent by weight of the ink, and in yet another embodiment of at least 0.1 percent by weight of the ink, and in one
embodiment of no more than 20 percent by weight of the ink, in another embodiment of no more than 5 percent by
weight of the ink, and in yet another embodiment of no more than 3 percent by weight of the ink, although the amount
can be outside of these ranges.
[0069] The ink compositions can be prepared by any desired or suitable method. For example, the ink ingredients can
be mixed together, followed by heating, to a temperature in one embodiment of at least 100°C, and in one embodiment
of no more than 140°C, although the temperature can be outside of these ranges, and stirring until a homogeneous ink
composition is obtained, followed by cooling the ink to ambient temperature (typically from 20 to 25°C). The inks are
solid at ambient temperature. In a specific embodiment, during the formation process, the inks in their molten state are
poured into molds and then allowed to cool and solidify to form ink sticks.
[0070] Specific embodiments will now be described in detail. All parts and percentages are by weight unless otherwise
indicated.

EXAMPLE I

[0071] Ink compositions were prepared by the following process. All ink ingredients except colorant(s) were charged
into a stainless steel beaker. The resulting mixture was then melted together at a temperature of about 110°C in an
oven, followed by blending by stirring in a temperature controlled mantie at about 110°C for about 0.3 hour. To this
mixture was then added the colorant(s). After stirring for about 2 additional hours, the ink thus formed was filtered through
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a heated MOTT® apparatus (obtained from Mott Metallurgical) using Whatman #3 filter paper under a pressure of 1.03
x 105Pa (15 pounds per square inch). The filtered phase change ink thus formed was poured into molds and allowed to
solidify to form ink sticks. Inks were prepared from the following ingredients: Polywax 500, Mp=572, Mn=516, Mw=570,
MWD=1.10 as measured by HT-GPC (PE 500, obtained from Baker Petrolite, Tulsa, OK); narrow molecular weight
distribution polyethylene wax (PE-C), similar to Polywax 500 but distilled to remove about 15 percent of the lower
molecular weight fraction and about 15 percent of the upper molecular weight fraction, Mp=582, Mn=562, Mw=579,
MWD=1.03 as measured by HT-GPC (obtained from Baker Petrolite, Tulsa, OK); Fischer-Tropsch (FT-B) wax obtained
from Sasol Wax Americas, inc. as SASOLWAX® C80, Mp=558, Mn=565, Mw=588, MWD=1.04 as measured by HT-
GPC; Fischer-Tropsch wax (FT-C) obtained from Sasol Wax Americas, Inc., said wax being similar to SASOLWAX®
C80 but having had removed by distillation the lowest 9 percent molecular weight fraction, Mp=620, Mn=619, Mw=635,
MWD=1.03 as measured by HT-GPC; Fischer-Tropsch wax (FT-D) obtained from Sasol Wax Americas, Inc., said wax
being similar to SASOLWAX® C80 but having had removed by distillation the lowest 20 percent molecular weight fraction,
Mp=631, Mn=627, Mw=643, MWD=1.03 as measured by HT-GPC; Fischer-Tropsch wax (FT-E) obtained from Sasol
Wax Americas, Inc., said wax being similar to SASOLWAX® C80 but having had removed by distillation the lowest 30
percent molecular weight fraction, Mp=637, Mn=630, Mw=646, MWD=1.03 as measured by HT-GPC; a branched triamide
of the formula

wherein p, q, and r each have an average value of about 35, prepared as described in Example II of U.S. Patent 6,860,930
stearyl stearamide wax (KEMAMIDE® S-180, obtained from Crompton Corporation, Greenwich, CT); KE-100 Resin
(triglycerides of hydrogenated abietic (rosin) acid, obtained from Arakawa Chemical industries (USA) Inc., Chicago, IL);
a urethane resin that was the adduct of three equivalents of stearyl isocyanate and a glycerol-based alcohol, prepared
as described in Example 4 of U.S. Patent 6,309,453; NAUGUARD® 445 antioxidant (obtained from Uniroyal Chemical
Co., Middlebury, CT); a cyan colorant as disclosed in Examples V through XI of U.S. Patent 6,472,523; and dodecyl
benzene sulfuric acid (DDBSA, Bio-soft S-100, obtained from Stepan Company, Elwood, IL). The amounts in percent
by weight of the ink of each ingredient are listed in the table below for each ink:

Ink 1 2 3 4 5 6 7

PE 500 50.20 0 0 0 0 0 0

PE-C 0 50.00 51.37 0 0 0 0

FT-B 0 0 0 50 0 0 0

FT-C 0 0 0 0 55.6 0 0

FT-D 0 0 0 0 0 56.66 0

FT-E 0 0 0 0 0 0 56.66

triamide 13.90 13.95 15.34 13.95 16.81 15.5 15.5

S-180 15.14 15.14 14.75 15.14 14.56 14.7 14.7

KE-100 12.30 12.42 13.89 12.42 8.4 8.5 8.5

urethane wax 4.42 4.42 0.93 4.42 0.9 0.91 0.91

DDBSA 0.32 0.35 0 0.35 0 0 0

N-445 0.17 0.17 0.17 0.17 0.17 0.17 0.17
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INK CHARACTERISTICS

[0072] Various characteristics of the inks were measured by a Rheometrics cone-plate viscometer and are indicated
in the table below. Viscosity (η, mPa·s (centipoise)) was measured at 110°C. The spectral strength was determined
using a spectrophotographic procedure based on the measurement of the ink In solution by dissolving the ink in toluene
for the cyan and yellow Inks and n-butanol for the magenta inks and measuring the absorbance using a Perkin Elmer
Lambda 2S UV/VIS spectrophotometer. Glass transition temperature (Tg) was measured by Dynamic Mechanic Analysis
using a Rheometrics Solid Analyzer (RSA II). Peak melting point (MP) and peak freezing point (FP) were measured by
differential scanning calorimetry (DSC) using a DUPONT 2100 calorimeter.

[0073] As the data indicate, the peak melting points of these inks are 80°C and the viscosities of most of them are
close to 10.6 at 110°C, indicating that they are suitable for jetting at temperatures of from 105 to 115°C. The spectral
strengths confirm good dissolution of the cyan colorants. In addition, the Inks prepared from the polyethylene waxes
having 15 percent of the lower molecular weight fraction and 15 percent of the upper molecular weight fraction removed
therefrom and ink 4 prepared from Fischer-Tropsch wax C80 exhibited desirably low freezing points, enabling setting
printer standby temperatures at lower settings and thus enabling low energy consumption. The reduced freezing point
of these inks is believed to be attributable to the removal of the upper molecular weight fraction of the polyethylene wax.
The cohesive failure temperature, intermediate transfer setpoint temperature, minimum jetting temperature, and minimum
standby temperature for inks 1 and 2 in a XEROX® PHASER® 8400 printer were as indicated in the table below. For
comparative purposes, these characteristics were also measured for the commercial cyan inks supplied for a XEROX®
PHASER® 8400 printer and for a XEROX® PHASER® 360 printer, and are also indicated in the table below.

[0074] As the data Indicate, Inks 2, 4, 5, 6, and 7 exhibit both a desirably high cohesive failure temperature of at least
56°C or higher and a desirably low jetting temperature of 125°C or lower. Ink 2 also exhibits a desirably low minimum

(continued)

Ink 1 2 3 4 5 6 7

cyan colorant 3.55 3.55 3.55 3.55 3.58 3.58 3.58

Ink 1 is provided for comparative purposes.

Ink 1 2 3 4 5 6 7

η (mPa·s) 10.72 10.63 10.73 11.03 10.75 10.62 10.69

SS 4510 4503 4538 4517 4547 4582 4596

Tg 11.51 12.88 28.45, -16.83 9.31, -17.97 -16.5, 5.9 -17.8, 12.5 -16.6, -11.5

MP 81.92 80.81 80.99 81.85 83.03 83.58 83.99

FP 69.6, 74.5 69.19 71.95 69.1 73.3, 76.4 73.8, 76.9 73.9, 77.6

Ink
Cohesive Failure Temp. 

(°C)
Intermediate Transfer 
Member Temp. (°C)

Minimum Jetting Temp. 
(°C)

Minimum Standby Temp. 
(°C)

8400 73 62-64 130 105

360 63 50-57 130 105

1 55 45 110 92-95

2 65 60 110 88-90

4 65 54 114 - - -

5 72 60-62 115 - - -

6 72 60-62 114 - - -

7 72 60-62 115 - - -

- - - = not measured
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standby temperature. While the minimum standby temperature was not measured for inks 4, 5, 6, and 7, It is believed
that these inks will also have desirably low minimum standby temperatures.

STANDBY TEMPERATURES

[0075] Inks 1 and 2 as well as the commercial cyan Ink supplied for a XEROX® PHASER® 8400 printer were evaluated
for minimum standby temperature. The inks were each incorporated into a XEROX® PHASER® 8400 printer, after which
the printer was placed in power saver mode for periods of overnight and over a weekend. Thereafter, prints were
generated and the percentage of failed jets was determined from the prints thus generated at various power saver
temperatures. The results were as follows:

[0076] From this data, one can conclude that the minimum standby temperature for the 8400 ink is 104°C, for ink 1
is 92°C, and for ink 2 is 88°C.

Claims

1. A phase change ink composition comprising an ink carrier and a colorant, said ink being suitable for use in an indirect
printing process wherein the ink is jetted from a printhead onto a heated intermediate transfer member and subse-
quently transferred from the intermediate transfer member to a final recording substrate, wherein: (a) the ink can
be jetted from the printhead onto the intermediate transfer member when the ink is maintained at a temperature of
125°C or lower; (b) the ink can be jetted without purging from a printer maintained at a standby temperature of 100°C
or lower; and (c) the ink has a cohesive failure temperature of at least 56°C;
wherein the ink carrier comprises (i) a branched triamide and (ii) a polyethylene wax or a Fisher-Tropsch wax, and
wherein at least the lower 5 percent molecular weight fraction and at least the highest 5 percent molecular weight
fraction have been removed from the polyethylene wax.

2. The ink according to claim 1 wherein the ink can be jetted from the printhead onto the intermediate transfer member
when the ink is maintained at a temperature of 120°C or lower.
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3. The ink according to claim 1, wherein: (a) the ink can be jetted from the printhead onto the intermediate transfer
member when the ink is maintained at a temperature of 120°C or lower; (b) the ink can be jetted without purging
from a printer maintained at a standby temperature of 95°C or lower; and (c) the ink has a cohesive failure temperature
of at least 60°C.

4. The ink according to claim 1, wherein: (a) the ink can be jetted from the printhead onto the intermediate transfer
member when the ink is maintained at a temperature of 115°C or lower; (b) the ink can be jetted without purging
from a printer maintained at a standby temperature of 90°C or lower; and (c) the ink has a cohesive failure temperature
of at least 65°C.

5. The ink according to claim 1 wherein the ink can meet requirements (a) and (b) with no more than 1 percent failed jets.

6. The ink according to claim 1 wherein the ink can meet requirements (a) and (b) with no more than 0.5 percent failed jets.

7. The ink according to claim 1 wherein the ink can meet requirements (a) and (b) with no more than 0.25 percent
failed jets.

Patentansprüche

1. Phasenwechseltintenzusammensetzung, umfassend einen Tintenträger und ein Farbmittel, wobei sich die Tinte zur
Verwendung in einem indirekten Druckverfahren eignet, worin die Tinte von einem Druckkopf auf ein beheiztes
Zwischenübertragungselement ausgestoßen und anschließend von dem Zwischenübertragungselement auf ein
Endaufzeichnungssubstrat übertragen wird, wobei:

(a) die Tinte von dem Druckkopf auf das Zwischenübertragungselement ausgestoßen werden kann, wenn die
Tinte auf einer Temperatur von 125 °C oder weniger gehalten wird;
(b) die Tinte ohne Spülen von einem Drucker ausgestoßen werden kann, der auf einer Bereitschaftstemperatur
von 100 °C oder weniger gehalten wird; und
(c) die Tinte eine Kohäsionsbruchtemperatur von wenigstens 56 °C aufweist;

wobei der Tintenträger (i) ein verzweigtes Triamid und (ii) ein Polyethylenwachs oder ein Fischer-Tropsch-Wachs
umfasst, und
wobei wenigstens die untere 5 Prozent-Molekulargewichtsfraktion und wenigstens die höchste 5 Prozent-Moleku-
largewichtsfraktion von dem Polyethylenwachs entfernt worden sind.

2. Tinte nach Anspruch 1, wobei die Tinte von dem Druckkopf auf das Zwischenübertragungselement ausgestoßen
werden kann, wenn die Tinte auf einer Temperatur von 120 °C oder weniger gehalten wird.

3. Tinte nach Anspruch 1, wobei: (a) die Tinte von dem Druckkopf auf das Zwischenübertragungselement ausgestoßen
werden kann, wenn die Tinte auf einer Temperatur von 120 °C oder weniger gehalten wird; (b) die Tinte ohne Spülen
von einem Drucker ausgestoßen werden kann, der auf einer Bereitschaftstemperatur von 95 °C oder weniger
gehalten wird; und (c) die Tinte eine Kohäsionsbruchtemperatur von wenigstens 60 °C aufweist.

4. Tinte nach Anspruch 1, wobei: (a) die Tinte von dem Druckkopf auf das Zwischenübertragungselement ausgestoßen
werden kann, wenn die Tinte auf einer Temperatur von 115 °C oder weniger gehalten wird; (b) die Tinte ohne Spülen
von einem Drucker ausgestoßen werden kann, der auf einer Bereitschaftstemperatur von 90 °C oder weniger
gehalten wird; und (c) die Tinte eine Kohäsionsbruchtemperatur von wenigstens 65 °C aufweist.

5. Tinte nach Anspruch 1, wobei die Tinte die Anforderungen (a) und (b) mit nicht mehr als 1 Prozent fehlerhaften
Tintenstrahlen erfüllen kann.

6. Tinte nach Anspruch 1, wobei die Tinte die Anforderungen (a) und (b) mit nicht mehr als 0,5 Prozent fehlerhaften
Tintenstrahlen erfüllen kann.

7. Tinte nach Anspruch 1, wobei die Tinte die Anforderungen (a) und (b) mit nicht mehr als 0,25 Prozent fehlerhaften
Tintenstrahlen erfüllen kann.
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Revendications

1. Composition d’encre à changement de phase comprenant un support d’encre et un colorant, ladite encre étant
adaptée pour être utilisée dans un processus d’impression indirecte où l’encre est projetée d’une tête d’impression
sur un élément de transfert intermédiaire chauffé et transférée par la suite de l’élément de transfert intermédiaire à
un support d’enregistrement final, où : (a) l’encre peut être projetée de la tête d’impression sur l’élément de transfert
intermédiaire lorsque l’encre est maintenue à une température de 125°C ou moins ; (b) l’encre peut être projetée
sans purge à partir d’une imprimante maintenue à une température en mode veille de 100°C ou moins ; et (c) l’encre
a une température de rupture de cohésion d’au moins 56°C ;
où le support d’encre comprend (i) un triamide ramifié et (ii) une cire de polyéthylène ou une cire Fischer-Tropsch, et
où au moins la fraction de 5 pour cent du poids moléculaire inférieure et au moins la fraction de 5 pour cent du poids
moléculaire la plus élevée ont été éliminées de la cire de polyéthylène.

2. Encre selon la revendication 1 dans laquelle l’encre peut être projetée de la tête d’impression sur l’élément de
transfert intermédiaire lorsque l’encre est maintenue à une température de 120°C ou moins.

3. Encre selon la revendication 1, dans laquelle : (a) l’encre peut être projetée de la tête d’impression sur l’élément
de transfert intermédiaire lorsque l’encre est maintenue à une température de 120°C ou moins ; (b) l’encre peut
être projetée sans purge à partir d’une imprimante maintenue à une température en mode veille de 95°C ou moins ;
et (c) l’encre a une température de rupture de cohésion d’au moins 60°C.

4. Encre selon la revendication 1, dans laquelle :

(a) l’encre peut être projetée de la tête d’impression sur l’élément de transfert intermédiaire lorsque l’encre est
maintenue à une température de 115°C ou moins ; (b) l’encre peut être projetée sans purge à partir d’une
imprimante maintenue à une température en mode veille de 90°C ou moins ; et (c) l’encre a une température
de rupture de cohésion d’au moins 65°C.

5. Encre selon la revendication 1 dans laquelle l’encre peut satisfaire les exigences (a) et (b) avec pas plus de 1 pour
cent de jets défaillants.

6. Encre selon la revendication 1 dans laquelle l’encre peut satisfaire les exigences (a) et (b) avec pas plus de 0,5
pour cent de jets défaillants.

7. Encre selon la revendication 1 dans laquelle l’encre peut satisfaire les exigences (a) et (b) avec pas plus de 0,25
pour cent de jets défaillants.



EP 1 792 954 B1

19



EP 1 792 954 B1

20

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 6860930 B, Wu [0002] [0027] [0071]
• EP 1514912 A [0003]
• WO 2005054958 A [0004]
• US 5195430 A [0009]
• US 5389958 A [0009]
• US 5372852 A [0009] [0061]
• US 20050130054 A [0050] [0057]
• US 11126745 B [0057]
• US 4889560 A [0061]
• US 4889761 A [0061]
• US 5194638 A [0061]
• US 4830671 A [0061]
• US 6174937 B [0061]
• US 5597856 A [0061]
• GB 2238792 A [0061]
• US 5750604 A [0062]
• US 5780528 A [0062]
• US 5782966 A [0062] [0063]

• US 5783658 A [0062]
• US 5827918 A [0062]
• US 5830942 A [0062]
• US 5919839 A [0062]
• US 6255432 B [0062]
• US 6309453 B [0062] [0064] [0071]
• GB 2294939 A [0062]
• GB 2305928 A [0062]
• GB 2305670 A [0062]
• GB 2290793 A [0062]
• WO 9414902 A [0062]
• WO 9712003 A [0062]
• WO 9713816 A [0062]
• WO 9614364 A [0062]
• WO 9733943 A [0062]
• WO 9504760 A [0062]
• US 6472523 B [0071]


	bibliography
	description
	claims
	drawings

