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INKJET INKS

BACKGRCUND

[0001]  inkjet printing is a versatile method for recording images on
various media surfaces for a number of reasons, including low cost, low
printer noise, capability for high speed printing, and multicolor recording.
Inkjet printing can deposit a variety of ink types including pigment based
agqueous inks and dye based solvent inks. Dye based solvent inks can be
particularly useful for ink jet printing on nonporous subsirates. The
interaction of the deposited ink and the media impacts the output of the
printed material. Poor adhesion, coalescence, smearing, and
discoloration may occur if the ink formulations and the media are

incompatible.

BRIEF DESCRIPTION OF THE DRAWINGS

f0002] FIGS. 1A and 1B show magnified images of a number 4
printed on untreated BOPP at 300x300 dots per inch (DR using a
control ink (FIG. 1A) and an ink with a polymeric surfactant (FIG. 1B).
[0803] FIG. 2 shows images of test patterns for a set of formulations
including a control ink test pattermn at the top and three polymeric

surfactant spiked ink formulations below.

DETAILED DESCRIPTION

[0004]  inkjet printing involves forcing ink droplets out of a nozzle with
controlled timing, velocity, and direction. The ink droplets impact the
substrate and the carrier fluid is absorbed or evaporates to leave the

colorant on the substrate, forming an image. When the nozzle is notin
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use, evaporation of the carrier fiuid from the nozzle can result in the
accumulation of ink solids in the nozzle. This accumulation may interfere
with the proper functioning of the nozzie. In some instances, the
accumuiated residue may plug the nozzie.

[0008] The ejected droplets also interact with the subsiraie.
Substrates have various properties that impact the behavior of deposited
droplets. Some substrates are porous, for example, paper. Paper may be
formed of a sheet of interlocking fibers. The gaps between the fibers
encourage droplets deposited on the surface to infilirate info the paper.
This reduces the free energy of the system.

[0006] The free energy of a droplet-substrate system may be modeled
by summing: the surface energy of the surface x the exposed surface
area of the surface + the surface area of the printing fluid x the exposed
surface area of the fluid + the interfacial energy of the surface-fluid x the
contact area between the printing fluid and the surface. Entropy
encourages the systemn 1o shift towards lower free energy states.

[B00T7] Paper swrfaces tend {0 have relatively high surface area per
unit of area due 1o the fibers. Further, the fibers themselves are relatively
high energy due to the presence of celiulose and similar materials with
exposed polar groups. In contrast, some substrates have relatively low
surface areas and low surface energies, for exampie, polyolefin sheset
material. Plastic sheets are generally a solid layer of material rather than
a coliection of fibers. Thus, the surface area of a plastic sheet per unit of
area is much lower than that found on high area surfaces like paper. This
low surface area provides less surface area that can be covered by a
fluid to reduce the system energy.

(0008} Further, polyolefin surfaces have relalively low surface ensrgy
due {o the material forming the surface. Polyolefin surfaces are
composed of long, alky! polymer chains. These chains have a highly
uniform potential with minimal polarity. This produces a surface with

relatively low surface energy.
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[0009] One approach to modify the wettability of polyolefin surfaces is
to expose them to plasma, flame, or corona discharge in the presence of
oxygen. This resuits in the addition of oxygen containing groups into the
polymer. The oxygen may form, for example, hydroxyl, ether, carboxylic,
or ketone groups in the polymer. The presence of oxygen containing
groups on the surface increases the surface energy of the polyolefin.
The higher surface energy increases wetting and increases the adhesion
of species that are able {0 couple with the oxygen containing groups on
the surface of the polyolefin.

(60401  Howsever, maintaining oxygen containing species on the
surface of a polyolefin has challenges when applied to printing media. A
polyolefin is generally above iis glass transition temperature (Tg) at
service or storage temperature. Accordingly, the chains of the polyolefin
are mobile and engaged in reorganization. As a practical matier, the
newly formed oxygenated surface of the polyolefin material will be
absorbed into the polymer and replaced with lower energy, unmaodified
hydrocarbon chains over time. The time frame for this reorganization
depends on a number of factors including: storage conditions, the
particular polyolefin, the density of oxygen species formed on the
surface, and the distribution of chain weights in the polymer. One rule of
thumb is that much of the bensfit of the surface modification is lost at 24
hours and that any process designed to take advantage of the
oxygenated polyolefin surface should be performed within 8 hours.
[0011]  These limitations and especially the short time between plasma
exposure and applving a printing fluid make this approach 10 increasing
welting of polyolefin surfaces a challenge. Additional challenges include
the difficulty of getling a uniform plasma field over a large polyolefin
surface, for example, over a material used for a banner. Similarly, the
instability of the modified polyolefin surface makes storage and
distribution more expensive. Having a printing media that is not shelf

stable may impede customer adoption.
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[0042] inthe following description, for purposes of explanation,
numerous specific details are set forth in order to provide a thorough
understanding of the present systems and methods. it will be apparent,
however, 1o one skilled in the art that the present apparatus, systems and
methods may be practiced without these specific details. Reference in

TS

the specification to “an embodiment,” “an example” or similar language
means that a particular feature, structure, or characteristic described in
connection with the exampile is included in at least that ocne exampile, but
not necessarily in other examples. The various instances of the phrase
‘in one example” or similar phrases in various places in the specification
are not necessarily all referring o the same example.

f0013] Concentrations, amounts, and other numerical data may be
presented herein in a range format. The range format is used mersly for
convenience and brevity and should be inferpreted flexibly to include not
only the numerical values explicitly recited as the limits of the range, but
also to include all the individual numerical values or sub-ranges
encompassed within that range as if each numerical value and sub-range
is explicitly recited. For example, a weighi range of 1 wt. % to 20 wt. %
should be interpreted 1o include not only the explicitly recited
concentration mits of 1 wi. % to 20 wi. %, but also 1o include individual
concentrations such as 2 wi. %, 3wt %, 4 wi. %, and sub-ranges such
as 5wt % to 15wt %, 10wt % to 20 wi. %, elc.

[0014] Al expressed concentrations in this specification and the
associated claims are in terms of the formulated ink unless otherwise
stated. For example, a statement that the ink comprises 50 wt. % {0 88
wi. % solvent is on a formulated ink basis. All expressed concentrations
are on a weight percentage (wt. %) or paris per million (ppm) of ink basis
at standard temperature and pressure (STF) uniess otherwise stated.
[0018]  Printing fluids, or inks, include a solvent and a colorant. The
colorant may include dye and/or pigment. The solvent solubilizes the
colorant and upon evaporation the colorant remains on the substrate to

provide the printing or pattern desired.
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{0016] Solvenis include a wide variety of chemical species and
include: water; alcohols, and non-alcohol organic solvents. Each solvent
may interact differently with a substrate. Substrates may be categorized
by their energy, roughness, porosity, and/or other properties. If a solvent
has higher surface energy than the subsirate, the soivent will fend io be
repelied by the surface. For example, if the surface is a polyolefin with a
low surface energy, then deposited inks will tend to bead up rather than
spread.

[0017] The addition of a polymeric surfactant may increase the
spreading of inks a polyolefin surface. The polymeric surfactant
increases wetting using two related phenomena. First, the polymeric
surfactant lowers the surface energy of the ink droplet. Second, the
polymeric surfactant lowers the interfacial energy between the polyolefin
surface and the ink droplet. These reductions in energy encourage the
ink to spread on the polyolefin surface rather than beading up.

[0018] For the purposes of this specification and the associated
claims, a polymeric surfactant is a polymeric material with an alkyl
domain and a solvent solubie domain that lowers the interfacial energy
between the ink and a polyolefin surface.

[0018)  For purposes of this specification and the associated claims, a
polyclefin is a polymer whose surface comprises predominately alkane
{alkyl) chains. Some examples of homogenous polymers that meet this
definition include: polyethylene (PE), low density polyethviene (LDPE),
linear low density polyethylene (LLDPE), high density polyethyiene
{(HDPE), polypropyiene (PP), oriented polypropylene (OPP), biaxially
oriented polypropylene (BOPP), polymethylpentene (PMP), polybutene-1
{(FB-1), polyisobutylene (PIB), ethylene propylene rubber (EFR), ethylens
propylene diene monomesr {M-class) rubber (EPDM rubbern).

(0028} Another example is a block copolymers include both an alkane
segment and a second segment that is below glass transition
temperature (Tg) of the second segment at service temperaiure. The

glassy blocks of the second segment may tend to form crossiinks within
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the bulk of the polymer; however, the surface of the block polymer will be
predominantly composed of the alkyl segments due to their lower surface
energy and relative mobility. Similarly, more structurally complex polymer
forms that include a mobile alkyl segment that may preferentially occupy
the surface meet the provided definition. An example of such a polymer
is & brush or comb polymer with alkyl pendent groups. While a comb
polymer has pendent groups of with a first functionality, a brush polymer
has pendant groups from the same backbone atoms with different
functionalities. For example, a brush polymer may have a silicone
backbone with alternating silicon and oxygen atoms, where some of the
siticon backbong atoms have both an alkyl chain and a polyether chain
independently attached to same silicon atom {or any two pendant groups
with different functionalities).

00211 The polyolefin may be a homogenous or helerogeneous
material. The polyolefin may be a layer or coating of a suitable polyolefin
over a substrate, for example, polysthylene over paper. Such composite
constructions may have iower costs, better mechanical properties, or
other benefits over pure polyolefin sheet material.

(0022} inkjet inks have challenges with deposition onto unmodified
polyolefin surfaces. Unmodified polyolefin surfaces, for example,
polyethylene and polypropyiene based surfaces, have low surface energy
which tends to repel printing fluids with higher surface energies.
Investigation has found some pelymeric surfactants which reduce the
interfacial energy between the hydrophobic polymer surface and an
alcohol based ink droplet and produce enhanced, controlled spreading on
the polyolefin surface. This discovery enables the use of alcohol based
inks for printing onto low energy polyolefin surfaces. Alcohol based inks
may have faster drying times than, for example, water based inks.

(00231 Among other examples, this specification describes an inkjet

ink including: a solvent; a solvent-soluble dye; 0.1 wt. % 10 1 wi. % of the
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ink of a perflucropolyether; and 0.1 wi. % to 2wt % oftheink ofa
polymeric surfactant, wherein the polymeric surfactant comprises an alkyl
domain.

[0024] Among other examples, this specification alse describes an
inkjet ink including: 50 wt. % to 98 wt. % of the ink of an alcohol solvent;
a dye soluble in the alcohol solvent, 0.1 wt. % to 1wt % ofthe ink of
perfluoropolyether; and 0.1 wt. % 1o 2 wt. % of the ink of a non-water
soluble polymeric surfactant, wherein the ink comprises no more than 1
wt. % water.

[0028] This specification also describes a method of printing onto a
polyolefin surface, the method including: depositing an ink onio a
polyolefin surface, wherein the ink includes: a solvent; a solvent-sciuble
dye: a perflucropolyether comprising 0.1 wt. % to 1 wi. % of the ink; and
a polymeric surfactant, the polymeric surfactant comprising 0.1 wt. % to 2
wt. % of the ink.

[0028] The ink includes a solvent, a colorant; a perfluoropolyether;
and a polymeric surfactant. The ink may also include other components,
for example, cosolvent(s), non-polymeric surfactani(s), non-
perflucropolyether anti-kogation agent(s), and/or jetiability additive{s}. In
some examples disclosed herein, the ink vehicle of the inkjet ink may
include antimicrobial agent({s), biocide(s), viscosity modifier(s), and
material for pH adjustment, sequestering agent, preservative, and the
like.

00277 The inclusion of a polymeric surfaciant has been found to
increase the wetting of the printed ink. This is particularly useful when the
ink is deposited onto a polyolefin.

{0028] POLYMERIC SURFACTANT. A variety of materials have
been found to function as effective polymeric surfactants. These
materials include a solvent compatible domain and a polyolefin
compatible domain. In one example, the polymeric surfactant is a comb
polymer. In another example, the polymeric surfactant is a brush

polymer.
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[0029] The polymeric surfactant may have a polyether domain or a
plurality of polyether domains. In ong example, the polyether domains
are polyethylene oxide (PEQ), also known as polyethylene glycol (PEG).
The polyether domains may be polypropylene oxide (PPO), also known
as polvpropylene glycol (PPG). Other polyethers may be used.
However, the widespread availability of PEG and PPG polymers, their
cost advaniages over other polyether structures and the relative ease in
tailoring the number of repeat uniis make PEG and PPG good choices
when considering polyether domains in the polymeric surfactant.

(603081  The polymeric surfactant may have alkyl domain or a plurality
of alky! domains. The alkyl domains are examples of polvolefin
compatible domains. The akyl domaing may be linear. The akyi domain
may include pendent groups. The aky!l domain may be pendent alkyl
groups.

(60311 The polymeric surfactant may have a silicone domain or a
plurality of silicone domains. The silicone domain may be a
polydimethyisiloxane (PDMS). The silicone domain may be a pure
PDMS with no non-methyl, non-oxygen groups attached {o the backbone
silicon atoms. The silicone domain may be a functionalized silicone. The
silicone domain may be a functionalized PDMS. Funclionalized silicones
may include a functional group, for example, a hyvdroxy group. The
functional group may be directly attached t0 a backbone silicon atom.
The functional group may be spaced from a backbone silicon atom, for
example, using a short alkyl chain.

[0032] The polymeric surfactant includes a polyolefin compatible
domain and a second domain that is soluble in the ink formuiation. The
domains of the polymeric surfactant may help the polymeric surfactant {o
reduce the interfacial energy between the ink and a polyolefin surface.
Because polyolefin materials tend to reorganize their surfaces over time

due to the random motion of the alkyl polymers, the polyolefin compatible
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domains may be incorporated into the polyoiefin substrate over time,
increasing the adhesion between the polymeric surfactant and the
polyolefin surface.

(60331  inone example, the polymeric surfactant has a silicone
backbone with pendant ether chains substituted. There may be more
than one ether chain subsiituted per silicon. The either chains may be all
the same length or different lengths. The ether chains may be
substituted randomly on the silicon chain. The ether chains may be
regularly substituted, either on each silicon atom or on every X silicon
atoms, for example, every two silicon atoms. In another example,
substitutions may be made on the end silicon atoms of the backbone, for
example, replacing methyi groups found thereon with a longer chain alkyl
group, for example, Ci4. In one example the end silicon atom has a
single non-methyl substitution, for instance, dimethyldecaoctane. ina
different exampie, the end silicon atom has a plurality of non-methyi
substitutions. The ability to tailor the length and number of the terminal
siticon substitutions allows a great deal of control over the HLB of the
resulling polymeric surfactant.

(6034} in one example, the polymeric surfactant includes a backbone
of a first polymer with first and second groups of pendant chains. For
example, the polymer may be a polyether, the first group of pendant
chains, alkyl groups and the second group of pendant chains silicones.
In ancther example, the pendant chains are randomized by first attaching
the pendant groups and then forming the backbone chain. These
techniques can also be combined with the end group modification, for
example, after forming the backbone chain, to provide additional
modification or properties to the polymeric surfactant.

(0038} The polymeric surfactant may be a block copolymer. The block
copolymer may include one block of two different monomers, wherein
each block forms one of the domains of the polymeric surfactant. For
example, the polymeric surfactant may be an alkyl group on a polyether,

for example, a castor oll-PEG copolymer. The polymeric surfactant may
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be a fally alcohol connected 10 a polyether, for example, cetyl or stearyl
alcohol with a PPG substitution. The polymeric surfactant may be a fatty
acid with a polyether substitution, for example, oleic acid with a PEG-20
substitution.

[0038] The polymeric surfactant may also be a block copolymer with
multiple blocks of the monomers. if the alkyl block is represenied by A
and the sther block is represented by E, the compositions like AEA, EAE,
AEAE, (AE, AEn  EAn, ArEAn, EnAEs, efc. are all within the a
contemplated scope of the polymeric surfactant. Thus, brush and comb
polymers are explicitly recited but also star polymers, branched polymers,
and more complex structures that provide the requisite domains. The
functional robustness of comb, brush, and star type polymers may offer
benefits in thermally jetted inks where the ink is exposed {0 bailing
temperatures during jetting. Comb, brush, and star polymers may also
offer greater enfanglement at a given molecular weight.

(00371  inone example, one of the domains of the polymeric surfactant
is selected from a polymer that is below iis Ty at service temperature or
forms crystal structures. Such a polymer may provide the desired
surface energy medication while in sclution but as the solvent
evaporates, the polymeric surfactant may self-organize into glassy or
crystalline regions with attached connective materials. A similar
approach provides much of the functional strength and flexibly of
polyether polyurethanes. The crystalline or glassy regions may function
as large cross links or anchors {e.¢., like the silica in silicone rubbers)
while the flexible domains {e.g., alkyl domaing) provide flexibility and
reduce the rigidity of the resulting deposited material.

[0038] The polymeric surfactant may be 0.0001 wt. % o 10 wi. % of
the ink. The polymeric surfactant may be 0.1 wt. % 10 2 wi. % of the ink.
The polymeric surfactant may be 0.1 wil. % o 1 wt. % of the ink. The

polymeric surfactant may be 0.2 wt. % to 0.5 wi. % of the ink. These

10
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weight percent are in terms of the unfired ink percentages. After some of
the solvent has flashed off during ejection and drying, the relative
percentage of the remaining components will increase.

(060381  inone example, the polymeric surfactant is a polyether
siloxane copolymer. For example, the polyether siloxane copolymer may
be a Tego® Glide or Foamex product from Evonik Rescource Efficiency
GmbH. Examples include Glide 410, Glide 432, Glide 440, Glide 450,
Glide ZG 400, Foamex 840, or Foamex 842.

[0040] Tego® Glide 410 is a 100% active content (that is substantially
solvent free) polyether-siloxane copolymer with a viscosity at 25 C of
approximately 1850 centipoise (cps). is soluble in ethanol, fripropylene
glycol diacrylate (TRPGDA), and butyl acetate. It is insoluble in water and
white spirit.

00411 Tego® Glide 432 is a 100% active content, polyether-siloxane
copolymer with a viscosity at 25 C of approximately 150 cps. It is soluble
in ethanol and butyl acetate. It is insoluble in water, TPGDA, and white
spirit.

[0042] Tego® Glide 440 is a 100% active content, polyether-siloxane
copolymer with a viscosity at 25 C of approximately 400 cps. It is soluble
in ethano!, TRPGDA, and butyl acetate. it is partially soluble in water,
forming a cloudy but stable solution. 1t is inscluble in white spirit.

f0043] Tego® Glide 450 is a 100% active content, polyether-siloxane
copolymer with a viscosity at 25 C of approximately 250 ¢ps. Itis soluble
in ethanol, TRPGDA, and butyl acetate. it is partially soluble in water,
forming a cloudy but stable solution. it is inscluble in white spirit.

[0044] Tego® Glide ZG 400 is a 100% active content, polyether-
siloxane copolymer with a viscosity at 25 C of approximately 1000 cps. it
is soluble in water, ethanol, TRPGDA, and butyl acetate. itis insoluble in
white spirit. The listed Tego® Glide formuiations have strong flow

promotion and slip effect but are not effective antifoaming agents.
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{00451 Tego® Foamex 840 is a 100% active content, silica-free
polyether-siloxane copolymer. [t is soluble in ethanol, butyl acetate, and
white spirit. It is partially soluble in TPGDA, forming a cloudy but stable
solution. ltis inscluble in water. His a strong defoaming agent.

f0048] Tego® Foamex 842 is a 80% active content, silica-free
polyether-siloxanes copolymer. tis provided in dipropylene glycol
monomethylether. it is soluble in ethanol, buiyt acetate, TPGDA, and
white spirit. 1t is insoluble in water. 1t is a strong defoaming agent.
[0047] The polymeric surfactant may be a polyether modified
polydimethylsiloxane. For example, the polymeric surfactant may be a
BYK® 333 or BYK® 378 by BYK Additives & Instruments, part of Altana.
i0048] BYK® 333 is g polyether modified PDMS. it is supplied with
less than 3 wt. % volatiles. 1t is compatible with solvent based and
agueous inks. It has a density of 1.04 g/ml.

f0048] BYK® 378 is a polyether modified PDMS. it is supplied with
less than 4 wt. % volatiles. 1t is compatible with solvent-borme, solvent-
free, and aqueous solutions. It has a refractive index of 1.440 and a
density of 1.02 g/mi.

[00580] The polymeric surfactant may be a waler inscluble silicone
atkyl polyether. For example, the polymeric surfactant may be a Silube®
product from Siltech. Some examples include J208 812 or J208 812.
The polymeric surfactant may be a polyether dimethicone, for example,
Silube® T308-16.

{0051] Siube® J208 812 is a 100% active content silicone alkyl
polyether. It is a lauryl PEG-8 dimethicone. it has a density of 1.07 g/mi
and a viscosity at 25C of 500 cps. 1t has a hydrophilic-lipophilic balance
(HLB) of approximately 3-4.

f0052] Silube® J208 812 is a3 100% active content silicone alkyl
polyether. Specifically, it is also a lauryl PEG-8 Dimethicone. lthas a
density of 1.07 g/mi and a viscosity at 25C of 300 ¢ps. it has an HLB of

approximately 2.

12
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[0053] Silube® T308-16 is a 100% active content silicone alkyl
polyether. Itis a cetyl PEG/PPG - 10/1 Dimethicone. It has a density of
0.94 g/mi and a viscosity at 35C of 1000 cps. it has an HLB of
approximately 3.

f0054] The Silube® polymers are described by the following general

structurs,

P Sa
Ry TER

[B085] The polymeric surfactant may be a polymaleic anhydride-1-
octadecene. For example, the PA-18® and PA-18LV® products available
from Chevron-Phillips. This is a solid material at room temperature with
a melting point of approximately 123 C. It contains less than 1.5 wt. %
volatiles. In this polymeric surfactant, the backbone includes oxygen
containing groups and the octadecane chains are pendant.

(G086} The polymeric surfactant may be a suitable nonionic polymer.
In one example, the polymeric surfactant is Zephrym® 2206 available
from Croda. The polymeric surfactant may be a non-volatile organic
compound (VOC) polymeric dispersant. This material is considered
particularly effective at dispersing material in low polarity sclvents.

[B087]  The polymeric surfactant may be an acrylic copolymer. For
example, a NeoResin® from DSM Coating Resins such as NeoCryi® B-
731. NeoCrvi® B-721 is a solid isobornyl methacrylate (iBMA) copolymer
with an average molecular weight of 56,000 Daltons. i is soluble in white
spirit, aromatics, esters, ketones, and isopropanol. The solid has a
density of 1.04 g/ml and an acid value of 1. The solid has a volatile
content of less than 1.5 wl. % and a Ty of approximately 56 C. tis not
water soluble. The isoborynal pendant groups provide one domain and

the backbone methacrylate provides the second domain.
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[6058] The polymeric surfactant may be a glycidyl-functional acrylic
crosslinker. The polymeric surfactant may be an acrylic resin. For
example, Isocryl® N2513 or N2513G (ground version) from Estron
Chemical. These are mederate molecular weight acrvlic resins with a Ty
of 45 -55 C and less than 1.5 wt. % volatiles.

{0058] The polymeric surfactant may be a phenolic resin. One
example is MB® 7022 from Dianal America which is a low molecular
weight IBMA resin. Another example is Reactol® 1111E from Lawter,
inc. Reactol® 1111is soluble hydrocarbons, ketones, alcchols, and
acetates. It has a melting point of approximately 150 C and is pure
phenolic resin. It has a density of 1.07 g/ml and an acid vailue of
approximately 75.

[60848] The polymeric surfactant may be a cosolvent soluble
polvamide resin. For example, Flex Rez® 1074 from Lawter, Inc. This
resin is available as 100% solids with an acid value of no more than 6. it
has a melting point of approximaiely 110 C. H is soluble in propano,
butanoi, and aromatic organics.

[6061] in some examples, the polymeric surfactant is not water
soluble. In another example, the polymeric surfactant may have a little
solubility in water, in one example the polymeric surfactant is below 1000
ppm scluble in water. The polymeric surfactant may also function as a
dispersant.

f0082] SOLVENT: The solvent may be 50 wt. % to 98 wi. % of the ink
formuiation. The solvent may be 70 wi. % 1o 90 wi. % of the ink
formulation. The solvent may be 75 wt. % 1o 80 wi. % of the ink
formulation.

[0063] The solvent may comprise: water, monohydric short chain
alcohols, acetone, ethyl acelate, methyl acetate, 1-methoxy-2-propano,
diethylene glvcol butyl ether, and/or mixtures thereof. Inone
impiementation, the solvent solution includes approximately 10 wt. % to
20 wt. % of 1-methoxy-2-propanol, 10 wt. % 1o 85 wt. % monohydric

short chain alcohol, and S wit. % o 80 wit. % acelons.
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[0084] The solvent may be a non-aqueous solvent. In one example,
the solvent is ethanol. The solvent may be methanol. The solvent may
be a mixiture of alcohols. The solvent may be a mixture of organic
species including non-alcohol organics.

(G065} The solvent may be a ketone. In one example, the solventis
acetone. In another example, the solvent is a cyclic ketone. The ketone
may include additional oxygen containing groups depending on the
solubility reguirements for the selecied coloranis.

[0068] The solvent may be a low molecular weight carboxylic acid. In
one exampie, the solvent comprises a carboxylic acid selected from:
formic acid, acetic acid, propionic acid, butyric acid, and mixtures thergof.
The carboxylic acid may be neutralized in solution to reduce damage to
the subsirate and/or printhead.

(00677  The solvent may be a low molecular weight organic. Inone
example, the solvent inciudes a liquid, linear alkane such as octane or
nonane. The solvent is a liguid at room temperature but can be
transitioned 10 a gas by a thermal resister in an inkjet. The use of an
alkane or similar liquid may enhance deposition into a polyolefin film.
Alkanes also have relatively low surface energy, improving spreading on
polyolefin surfaces compared with, for example, water or ethanol.

[0068] The ink may be substaniiaily water free. For example, the ink
may have a water concentration of no more than 1 wt. %. The ink may
have a water concentration of no more than 0.5 wt. %. The ink may have
a water concentration of no more than 1000 ppm. The ink may have a
water concentration of no more than 200 ppm.

{0069] COSOLVENTS: The ink may include a cosolvent. Any of the
solvents described above may be used as a cosolvent. The cosolvent
may be a ketone. The cosoclvent may be 5wl % 1o 20 wi. % of the ink.
The cosolvent may be S wit. % to 10 wt. % of the ink. Some suitable

ketones include acetone and cyclohexanone. The ink may include a
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plurality of cosolvents. In one example, the ink comprises Swt % 10 10
wi. % acetone and 5 wi. % to 10 wt. % cyclohexanong. The kelone
cosolveni(s) may coliectively comprise 14 wi. % to 16 wt. % of the ink.
{0070] PERFLUOROPOLYETHER: Previous disclosures by this
inventor have discussed the benefits of perflucropolyethers in inkjet ink
formulations. The inclusion of perfluoropolyether increases decap time.
See, e.g., U.S. Patent No. 9,017 467, incorporated by reference into this
application. In one exampile, the perfluoropolyether is Fluorolin® A10
available from Solvay Solexis.

{0071] COLCRANT: The ink contains a colorant. The colorant may
include a dye or a plurality of dyes. The colorant may include a pigment
or a plurality of pigments. The colorant may be soluble in the solvent.
The colorant may be soluble in a cosolvent. In one example, the colorant
includes an alcohol soluble dye and a ketone soluble dye.

(60721 The use of mulliple dyes in the ink formulation may provide
benefits over the use of a single dye. Multiple dves may provide superior
performance at a lower cost. Multiple dyes may allow brighter or more
robust colors compared with single dye. Multiple dyes may allow better
tuning of secondary properties like gloss in the printed ink. Howsver, the
use of multiple dves may provide additional chailenges in formulation of
the ink. Multiple dyes may use of a cosolvent {0 obiain the desired dye
concentrations. Multiple dyes may infroduce more incompatibilities for
the ink formulation, narrow acceptable storage conditions, or limit
Process ranges.

[0073] Examples of suitable dyes include the Sudan® dyes available
from BASF, such as: Sudan® Blue 670, C.1. Solvent Blue 35; Sudan®
Black X80; and Sudan® Orange 220. Other suitable dyes, depending on
solvents and coscivents, include Gil Blue N, C.1. Solvent Biue 14
available from Aldrich Chemical Company, inc., Oil Brown 102 available
from Passaic Color & Chemical Company; Oil Red 234 available from
Passaic Color & Chemical Company, C.1. Solvent Blue 48 available from
Ciba-Geigy; Oracet® Pink RF, C.i. Pigment Red 181 available from Ciba-
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Geigy; Orasol® Black RL, C.I. Solvent Black 29 available from Ciba-
Geigy; Orasol Red G, C.L Solvent Red 125 available from Ciba-Geigy;
Orasol Yeliow 2GLN, C.1. Solvent Yellow 88 available from Ciba-Geigy:
Savinyl® Blue GLS, C.I Solvent Blue 44 available from Sandoz
Chemicals; Savinyl® Fire Red 3GLS PAT, C.1. Solvent Red 124 available
from Sandoz Chemicals; and Savinyl® Yeliow RLS, C.1. Solvent Yellow
83:1. The Orascl® family of dyes from BASF including Black X55 and
Crange 247, and the Valifast® family of dyes including Valifast Black
2808, C.1. Solvent Black 29 from Criental Chemical Company, Litd have
also been found to perform well.

[0074] Further, depending on the particular solvent and cosolvents
used, solvent soluble dyes may be used; for example, those below
described using Color Index (C.1) Generic Names. Black solvent dyes
may include C.1. Solvent Black 5, 7, 27, 28, 29, 34, 35, 45, 48, and 48.
Blue solvent dyes may include C.1. Solveni Blue 4, 5, 6, 35, 38, 48, 53,
687,70, 104, and 136. Violet solvent dyes may include C.1. Solvent Violet
8,9, 11, 14, and 38. Brown solvent dyes may include C.1. Solvent Brown
1,3, 5,20, 42, 43, 44, 48 and 52. Orange solvent dyes may include C.1.
Solvent Orange 3, 11, 20, 25, 54, 80, 62, 83, 86, 99, and 105. Red
solvent dyes may include C.I. Solvent Red 1, 23, 29, 49, 119, 122, 125,
127, 130, 132, 135, 148, 160, 184, 168, 169, 172 and 233. Yellow solvent
dyes may include C.1. Solvent Yellow 10, 13, 14, 19, 25, 28, 33, 88, 89,
114, 146 and 183. Dyes may be used in individually or in combination
with other dyes, pigments, and/or other colorants. The colorant may
constitute from 2 wt. % to 10 wt. % of the ink. In one example, a plurality
of dyes constitute from 4 wt. % 10 7 wi. % of the ink.

[00758] ANTIKOGATION AGENT: The ink may include the anti-
kogation agent. Kogation refers 1o the deposit of dried ink on & heating
element of a thermal inkjet (TL)) printhead. Anti-kogation ageni(s) is/are
included to assist in preventing the buildup of kogation. Examples of
suitable anti-kogation agents inciude oleth-3-phosphate (commercially
available as CRODAFOS® O3A or CRODAFOS® N-3 acid from Croda

17



WO 2018/075065 PCT/US2016/058122

Int.} or dextran 500k. Cther examples of the anti-kogation agents include
CRODAFQOS® HCE (phosphate-ester from Croda int.}, CRODAFOS®
N10 (cleth-10-phosphate from Croda Int.), or DISPERSOGEN® LFH
{polymeric dispersing agent with aromatic anchoring groups, acid form,
anionic, from Clariant), etc. The anti-kogation agent may be present in
the inkjel ink in an amount ranging from about 0.05 wt. % to about 2 wit.
% of the ink.

[0076] BIOCIDE: When a biocide is utilized, a suitable amount of the
biocide may range from about 0.05 wt. % to about 0.5 wt. % of the ink.
The upper imit for the biocide(s) may depend upon the type of biocide
and its toxicological effect and/or regulatory requirements. For example,
the upper limit for PROXEL® GXL (Arch Chemicals, Inc., Norwalk, CT) is
0.2 wt. %. Other biocides include, for example, PROXEL® GXL,
KORDEK® MLX (The Dow Chemical Co.), and/or BIOBAN® C5-1246
{The Dow Chemical Co.). NUOSEPT® 95, available from Huls America
(Fiscataway, N.J.}; PROXEL® GXL, available from ICl Americas
{(Wilmington, Del); and glutaraldehyde, available from Union Carbide
Company (Bound Brook, N.J.) under the trade designation UCARCIDE®
250,

[0077] One formulation of an ink consistent with the present
disclosure is described below. This formulation includes two ketone
cosolvenis, perfluoropolyether, and the polymeric surfactant in an ethanol

solvent.
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[6078] Formula 1:

Role Component Wi % of ink
Solvent ethanol (pure) 77
Cosoclvent cyclohexanone g
Cosolvent acetone 6
Colorant Valifast® Black 3308 5
Colorant Crasol® QOrange 247 1
Adhesion Neocryi® B-818 1.8
Decap Fluorolin® A1Q 0.3
Emulsifier Cordafos® TB8A 0.2
(60791  This formulation was compared with a confrol formulation

without the polymeric surfactant. n the control, the weight percentage of

gach component is scaled by the inverse of the wt. % of the polymeric

surfactant.

polymeric surfactants.

[0080]

Formula 1 was compared with formula 1 spiked with different

The spreading resulis were assessed optically using

microscopy. The inclusion of a polymeric surfactant was found visibly to

increase wetling. The droplets of deposited ink remained roughly circular

and of uniform size. In contrast, when the polymeric surfactant was not

present, the droplets on a polyolefin surface tended coalesce into larger

droplets. This resulting poor image quality. Coalescence also resulted in

uneven thicknesses of ink, which in fwum caused color intensity variation

in the printed ink.

[0081]

The various formulations and the control were also assessed

by measuring the normalized optical density (KOD) of a {est patiern of

the printed ink. This measurement corrects for the background and

assesses the uniformity of the ink appearance with higher values

representing better appearance and uniformity in the printed material.

Polymeric Surfactant KOD | Coalescence

Conirol {(none) 0.06 | Complete
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Control + 0.5 wt. % Tego® Glide ZG400 0.15 | Some
Control + 0.5 wt. % Tego® Glide 432 0.29 | Minimal
Control + 0.5 wl.% Tego® Foamex 842 0.38 | Minimal
Control + 0.5 wt.% Tego® Foamex 840 0.56 | None

f0082] The Tego® Foamex 842 is provided as a 80 wt. % formulation
in dipropylene glycol monomethylether. Accordingly, the inclusion of 0.5
wi. % Tego® Foamex 842 includes 0.3 wt. % of the polymeric surfactant
and 0.2 wt. % of the solvent. In contrast, the Tego® Fomex 840 is
provided without solvent and so the 0.5 wt. % corresponds ¢ 0.5 wi. %.
This may explain the increased KOD and decreased Coalescence in the
Tego® Foamex 840 over the Tego® Foamex 842. The Tego® Foamex
842 also appears 10 have lower molecular weight polymeric surfactant
which implies a greater number of molecules in a given weight as well as
greater mobility and less entanglement. This may explain the advaniage
in print quality between the Tego® 840 and 842.

{0083] This is consisient with the resulis from the Tego® Glide
formulations where shorter chains of the Tego® Glide 432 {cps 150) had
higher KOD and better print quality than the larger chains of the Tego®
Glide ZG400 (1000 cps). Accordingly, the use of smaller molecules with
appropriate domains may increase print quality and KOD. This may be
due 10 the relatively short time periods between deposition and fixation of
the ink on the substrate. In short time frames, the mobility of the active
species may be regulator of their effectiveness. Similarly, increasing
concentration increases the concentration of the active species on the
surface, with the benefits of increasing concentration in the bulk solution
dependent upon when the surface becomes effectively saturated.

(0084}  in addition {o producing poor print quality and poor character
definition, the coalescence of the droplets also increases the drying time
of the ink. This is a conseguence of having thicker areas of coalesced
ink which in turn take a longer time to dry to a tack free condition. In
contrast, if the ink is spread in a thinner layer over a larger ares, the

drying time is reduced. Long drying times may slow the system printing
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rate. Long drying times may increase system cost by the inclusion of an
additional heater or path to handle the printed material while drying and
before placing the next sheet of media on the drying ink.

[6088] The addition of a polymeric surfactants {o ink may decrease
decap times, reduce mechanical rub durability, and reduce optical density
of the ink. These factors are balanced against the print quality and other
benefits provided by the polymeric surfactant.

f0086] FIGS. 1A and 18 show magnified images of a number 4
printed on unireated BOFP at 300x300 dots per inch (DP1) using a
control ink {(FIG. 1A) and an ink with a polymeric surfactant (FIG. 1B). In
FIG. 1A, the control ink of formula 1 has been used. The droplets show
clear consolidation. For example, the ink is clustered at the edges of the
printed areas with almost no ink remaining in the middie of the printed
portions. In contrast, FIG. 1B shows the same image printed on the
same substrate; however, the ink has been spiked with 0.2 wt. % Silube®
J802-812. in FIG. 1B, the individual droplets are visible. Some of the
adjacent droplets have linked by the ink has not flowed out of a droplet
leaving the area bare as in FIG. 1A

[0087] FIG. 2 shows images of test patterns for a set of formulations
including a control ink test patiern at the top and three polymeric
surfactant spiked ink formulations below.

[0088] The four formulations from top to bottom are described in the

table below:

Polymeric Surfactant Ink Coalescence
Uniformity

Control (none) Poor Complete

Control + 0.5 wt. % polymaleic anhydride-1- | Good Minimal

octadecene

Control + 0.5 wt. % polymaleic anhydride-1- | Excellent | None
octadecene + 0.4 wt. % Silube® J208 812
Control + 0.5 wt. % polymaileic anhydride-1- | Moderate | Some
octadecene and 0.5 wt. % Siltech® F-20
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(00891  ink uniformity and coalescence can be visually assessed by
looking at the square test patterns. For the control ink at the top, the
coalescence of the ink and lightness of the printing generally indicate
poor spreading by the ink. The 2™ sample down contains 0.5 wt. %. 5%
polymaileic anhydride-1-octadecene added to the control. There is a
small amount of coalescence visible in the test squares. The 3™ sample
contains 0.5 wt. % polymaleic anhydride-1-octadecene + 0.4% wi. Silube
J208 812, The third sample has the best performance of these four
samples. The test squares are uniform in color without signs of
coalescence on the polyolefin (BOPP) substrate. The bottom, 4th
sample had both 0.5% polymaieic anhydride-1-octadecene and 0.5%
Siltech F-20. The test squares show some coalescence and the ink
darkness is lighter than the second and third samples.

[00%0] Based on these test results, the use of multiple polymer
surfactants may provide increased wetling over single polymer surfactant
formuiations. However, as seen in sample 4, this is not always the case.
6091} it will be appreciated that, within the principles described by
this specification, a vast number of variations exist. It should alsc be
appreciated that the examples described are only examples, and are not
intended to limit the scope, applicability, or construction of the claims in

any way.
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WHAT IS CLAIMED IS:

1. An inkjet ink comprising:
a solvent;
a solvent-soluble dye;
0.1 wi % 1o 1wt % of the ink of a perfluoropolyether; and
0.1 wt. % to 2 wt. % of the ink of a polymeric surfactant, wherein the

polymeric surfactant comprises an alkyl domain.

2. The ink of claim 1, wherein the polymeric surfactant comprises 0.2 wt. %
t0 0.5 wi % of the ink.

3. The ink of claim 1, wherein ink comprises less than 1 wt % waler.

4. The ink of claim 1, wherein the solvent is an alcohol.

5. The ink of claim 1, wherein the solvent comprises ethanol

8. The ink of claim 1, wherein the polymeric surfactant is a liquid at 25 C

with a viscosily of no more than 750 centipoise {cps).

7. The ink of claim 1, wherein the polymeric surfactant is insoluble in water.

8. The ink of claim 1, wherein the polymeric surfactant comprises silicone
and polyether domains.

Q. The ink of claim 8, wherein the polymeric surfactant is a polyether

dimethicone.

10. The ink of claim 1, wherein the polymeric surfactant is a polymaleic
anhydride-alkense.
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11, The ink of claim 1, wherein the polymeric surfactant is a glycidyi-

functional acrylic crosslinker.

12.  The ink of claim 1, wherein the polymeric surfactant is selected from a
group comprising: an acrylic resin, an acrylic copolymer, a phenolic resin, and a

polyamide resin.

13, Aninkjet ink comprising:

50 wt. % to 98 wt. % of the ink of an alcohol solvent;

a dye soluble in the alcohol solvent;

01wl % to 1wt % of the ink of a perfluoropolyether; and

0.1 wi % to 2 wt % of the ink of 2 non-water soluble polymeric
surfactant,

wherein the ink comprises no more than 1 wt. % water.

14. The ink of claim 13, further comprising a plurality of ketone cosolvents

comprising 5 wt. % to 25 wt. % of the ink.

15, A method of printing onto polyolefin surface, the method comprising:
depositing an ink onto a polyolefin surface, wherein the ink comprises:
a solvent;
a solvent-soluble dye:
a perfluoropolyether comprising 0.1 wi. % to 1 wt % of the ink;
and
a polymeric surfactant, the polymeric surfactant comprising 0.1 wi

% 10 2 wi. % of the ink.
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