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TITLE
CATIONIC MODIFIED SELF-DISPERSING PIGMENT DISPERSIONS
BACKGROUND OF THE INVENTION

This application claims priority under 35 U.S.C. §119 from U.S. Provisional
Application Serial No. 62/154899, filed April 30, 2015.

This invention pertains to self-dispersing pigment dispersions which are modi-
fied with a multivalent cation and an anionic polymer.

Inkjet printing is a non-impact printing process in which droplets of ink are de-
posited on a substrate, such as paper, to form the desired image. Inkjet printers are
equipped with an ink set which, for full color printing, typically comprises a cyan, ma-
genta and yellow ink (CMY). An ink set also commonly comprises a black ink
(CMYK).

Pigments suitable for aqueous inkjet inks are in general well-known in the art.
Typically, pigments are stabilized by dispersing agents, such as polymeric dispersants
or surfactants, to produce a stable dispersion of the pigment in the vehicle. The pig-
ment can also be “self-dispersible” or a “self-dispersing” pigments (hereafter
“SDP(s)”).

US6899754 discloses an inkjet ink containing an SDP and a multivalent cation.
The multivalent cation is added at the ink formulation stage rather than during the prep-
aration of the SDP dispersion.

US6332919 and EP-A-1086997 disclose a black inkjet ink comprising an SDP
and salts of monovalent cations. It is suggested that the presence of these monovalent
salts improves optical density at a given pigment loading.

US6277183 discloses a black inkjet ink comprising an SDP ink and a metal ox-
ide, where optical density of the ink is higher when metal oxide is present than when it
is absent.

US6153001 discloses an example of a black inkjet ink containing an SDP (Mi-
crojet® CW1) and 9 ppm calcium. No information is provided on the source or physi-
cal state of the calcium or on the nature of the SDP. No suggestion is made of any op-
tical density relationship.

US6375317 discloses an inkjet ink comprising an SDP and calcium hydroxide

in an aqueous medium.
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A need still exists for stable self-dispersing pigment dispersions that can be
readily formulated into an ink. The present disclosure satisfies this need by providing a
process for preparing stable self-dispersing pigment dispersions.

SUMMARY OF THE INVENTION

An embodiment provides an aqueous pigment dispersion comprising:

a self-dispersing pigment having at least one type of hydrophilic functional group
bonded onto a surface of the self-dispersing pigment, said at least one type of hydrophilic
functional group comprising a carboxyl group;

a multivalent cation selected from the group consisting of Mg”", Ca**, Cu™", Al’",
Fe’*, and mixtures thereof, wherein said cation is adsorbed onto said self-dispersing pig-
ment via ionic bonds between the cation and surface acid group on the self-dispersing
pigment; and

an anionic polymeric binder.

Another embodiment provides that the multivalent cation is present at a level of at
least 2 ppm.

Another embodiment provides that the multivalent cation is Mg”".

Another embodiment provides that the multivalent cation is Cu®".

Another embodiment provides that the multivalent cation is Ca”".

Another embodiment provides that the multivalent cation is Al*".

Another embodiment provides that the anionic polymeric binder is selected from
the group consisting of polyurethane, waterborne acrylic copolymer, waterborne polyester,
and mixtures thereof.

Another embodiment provides that the polyurethane is amphoteric.

Another embodiment provides that the polyurethane is an amphoteric polyester.

Another embodiment provides that the acrylic copolymer is a random polymer.

Another embodiment provides that the acrylic is a block polymer.

Yet another embodiment provides that the waterborne acrylic copolymer is a graft
polymer.

These and other features and advantages of the present embodiments will be
more readily understood by those of ordinary skill in the art from a reading of the fol-
lowing Detailed Description. Certain features of the disclosed embodiments which are,
for clarity, described above and below as separate embodiments, may also be provided

in combination in a single embodiment. Conversely, various features of the disclosed
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embodiments that are described in the context of a single embodiment, may also be
provided separately or in any subcombination.

DETAILED DESCRIPTION

Unless otherwise stated or defined, all technical and scientific terms used herein
have commonly understood meanings by one of ordinary skill in the art to which this
disclosure pertains.

Unless stated otherwise, all percentages, parts, ratios, etc., are by weight.

When an amount, concentration, or other value or parameter is given as either a
range, preferred range or a list of upper preferable values and lower preferable values,
this is to be understood as specifically disclosing all ranges formed from any pair of any
upper range limit or preferred value and any lower range limit or preferred value, re-
gardless of whether ranges are separately disclosed. Where a range of numerical values
is recited herein, unless otherwise stated, the range is intended to include the endpoints
thereof, and all integers and fractions within the range.

When the term “about” is used in describing a value or an end-point of a range,
the disclosure should be understood to include the specific value or end-point referred
to.

As used herein, the term “SDP” means a “self-dispersible” or “self-dispersing”
pigment.

As used herein, the term “dispersion” means a two phase system wherein one
phase consists of finely divided particles (often in a colloidal size range) distributed
throughout a bulk substance, the particles being the dispersed or internal phase and the
bulk substance being the continuous or external phase.

As used herein, the term “dispersant” means a surface active agent added to a
suspending medium to promote uniform and maximum separation of extremely fine
solid particles often of colloidal sizes. For pigments, the dispersants are most often
polymeric dispersants, and the dispersants and pigments are usually combined using a
dispersing equipment.

As used herein, the term “OD” means optical density.

As used herein, the term “degree of functionalization” refers to the amount of
hydrophilic groups present on the surface of the SDP per unit surface area, measured in

accordance with the method described further herein.
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As used herein, the term “aqueous vehicle” refers to water or a mixture of water
and at least one water-soluble, or partially water-soluble (i.e., methyl ethyl ketone), or-
ganic solvent (co-solvent).

As used herein, the term “D50” means the volume particle diameter of the 50th
percentile (median) of the distribution of particle sizes.

As used herein, the term “substantially” means being of considerable degree,
almost all.

As used herein, the term “dyne/cm” means dyne per centimetre, a surface ten-
sion unit.

As used herein, the term “cP” means centipoise, a viscosity unit.

As used herein, the term “mPa.s” means millipascal second, a viscosity unit.

As used herein, the term “mN.m™” means milliNewtons per meter, a surface
tension unit.

As used herein, the term “mS.cm™” means milliSiemens per centimeter, a con-
ductivity unit.

As used herein, the term “EDTA” means ethylenediaminetetraacetic acid.

As used herein, the term “IDA” means iminodiacetic acid.

As used herein, the term “EDDHA” means ethylenediamine-di(o-
hydroxyphenylacetic acid).

As used herein, the term “DHEG” means dihydroxyethylglycine.

As used herein, the term “DTPA” means diethylenetriamine-N,N,N' N" N"-
pentaacetic acid.

As used herein, the term “GEDTA” means glycoletherdiamine-N,N,N' N'-
tetraacetic acid.

As used herein, the term “RMSD” refers to root mean square deviation.

As used herein, the term “jettability” means good jetting properties with no
clogging or deflection during printing.

As used herein, the term “persistence length” is a basic mechanical property
quantifying the stiftness of a long polymer.

Unless otherwise noted, the above chemicals were obtained from Aldrich (Mil-
waukee, WI, U.S.A.) or other similar suppliers of laboratory chemicals.

The materials, methods, and examples herein are illustrative only except as ex-

plicitly stated, and are not intended to be limiting.
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In addition, references in the singular may also include the plural (for example, “a”

and “an” may refer to one, or one or more) unless the context specifically states otherwise.
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Pigments
The SDPs of the present disclosure may be prepared by grafting a functional

group or a molecule containing a functional group onto the surface of the pigment, by
physical treatment (such as vacuum plasma), or by chemical treatment (for example,
oxidation with ozone, hypochlorous acid or the like). A single type or a plurality of
types of hydrophilic functional groups may be bonded to one pigment particle. The hy-
drophilic groups are carboxylate or sulfonate groups which provide the SDP with a
negative charge when dispersed in aqueous vehicle. The carboxylate or sulfonate
groups are usually associated with monovalent and/or divalent cationic counter-ions.
Methods of making SDPs are well known and can be found, for example, in
US5554739 and US6852156.

The SDPs may be black, such as those based on carbon black, or may be col-
ored pigments. Examples of pigments with coloristic properties useful in inkjet inks
include: Pigment Blue 15:3 and Pigment Blue 15:4 (for cyan); Pigment Red 122 and
Pigment Red 202 (for magenta); Pigment Yellow 14, Pigment Yellow 74, Pigment Yel-
low 95, Pigment Yellow 110, Pigment Yellow 114, Pigment Yellow 128 and Pigment
Yellow 155 (for yellow); Pigment Orange 5, Pigment Orange 34, Pigment Orange 43,
Pigment Orange 62, Pigment Red 17, Pigment Red 49:2, Pigment Red 112, Pigment
Red 149, Pigment Red 177, Pigment Red 178, Pigment Red 188, Pigment Red 255 and
Pigment Red 264 (for red); Pigment Green 1, Pigment Green 2, Pigment Green 7 and
Pigment Green 36264 (for green); Pigment Blue 60, Pigment Violet 3, Pigment Violet
19, Pigment Violet 23, Pigment Violet 32, Pigment Violet 36 and Pigment Violet 38
(for blue); and carbon black. However, some of these pigments may not be suitable for
preparation as SDP. Colorants are referred to herein by their “C.1.”.

The SDPs of the present disclosure may have a degree of functionalization
wherein the density of anionic groups is less than about 3.5 pumoles per square meter of
pigment surface (3.5 pmol/m?), and more specifically, less than about 3.0 pmol/m”,
Degrees of functionalization of less than about 1.8 pmol/m®* and more specifically, less
than about 1.5 pmol/m?, are also suitable and may be preferred for certain specific

types of SDPs.
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The range of useful particle size after dispersion is typically from about 0.005
micrometers to about 15 micrometers. Typically, the pigment particle size should
range from about 0.005 micrometers to about 5 micrometers; and, specifically, from
about 0.005 micrometers to about 1 micrometers. The average particle size as meas-
ured by dynamic light scattering is less than about 500 nm, typically less than about
300 nm.

Multivalent Cation

The self-dispersing pigment dispersion of the present disclosure comprises one
or more multivalent cations. The effective amounts needed in a particular situation can
vary, and some adjustment, as provided for herein, will generally be necessary.

“Multivalent” indicates an oxidation state of two or more and, for an element
“7”, are typically described as Z**, Z**, Z*" and so forth. For brevity, multivalent cati-
ons may be referred to herein as Z*. The multivalent cations are preferably soluble in
the aqueous ink vehicle and preferably exist in a substantially ionized state. The multi-
valent cations should be in a form where they are free and available to interact with ink
components, in particular the SDP. A multivalent cation in unavailable form, for ex-
ample Z* tightly bound as a refractory oxide, is not considered a multivalent cation for
the purposes of this invention.

Z” includes, but is not limited to multivalent cations of the following elements:
Mg, Ca, Sr, Ba, Sc, Y, La, Ti, Zr, V, Cr, Mn, Fe, Ru, Co, Rh, Ni, Pd, Pt, Cu, Au, Zn,
Al, Ga, In, Sb, Bi, Ge, Sn, Pb. In one embodiment, the multivalent cation is not Ca. In
another embodiment, the multivalent cation comprises at least one of Ca, Ba, Ru, Co,
Zn and Ga. In yet another embodiment, the multivalent cation comprises at least one of
Ba, Ru, Co, Zn and Ga. In a preferred embodiment, Z* comprises a trivalent cation.

Z* can be incorporated into ink by addition in a salt form or by addition in an
alkaline form and used as a base in the adjustment of the ink pH. As with any disper-
sion, especially one that is ionically stabilized, the presence of large amounts of Z* can
be destabilizing. The effective levels of Z* needed for the instant inks are below that
which causes instability or other problems.

There is no particular lower limit of Z*, although minimum levels contemplated
by the instant invention are levels greater than trace or incidental amounts. Generally,
there is at least about 2 ppm, commonly at least about 4 ppm, and even 10 ppm or more

of multivalent in the ink. Likewise, there is no particular upper limit except as dictated
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by stability or other ink properties. At some level, though, there is no additional OD
gain with increasing Z*. In some cases, too much Z™ may cause the OD to decrease
again. In general, beneficial effects are achieved with less than about 200 ppm of Z,
and typically even less than about 100 ppm.

Although the preceding discussion of Z* in terms of weight percent is provided
for the sake of simple, concrete guidance, it will be appreciated from the examples
herein after that the appropriate levels of multivalent cations are related in a more com-
plex way to factors such as molar equivalents, atomic weight, valence state; and also, to
the amount SDP in the ink and its level of treatment.

Thus a preferred method for considering multivalent cation content is by adjust-
ed equivalents of Z* per 100 equivalents of surface function. The amount of Z present
is adjusted (multiplied by) the valence state (x). An equation can be written as follows:

100 (equivalents Z) (x)

Adjusted Z per 100 surface function = ‘ ‘
equiv. of surface function

When Z* comprises more than one species of multivalent cation, the adjusted Z
per 100 surface function is the sum of adjusted Z for all Z* species present. Preferred
levels of adjusted Z per 100 surface function range between about 0.5 to 20, and more
preferably between about 0.8 to 12.

Due to potential problems with kogation in thermo inkjet printheads associated
with soluble multivalent cations, selection of cation is critical. A suitable cation is one
that can strongly adsorb onto SDP pigment acid functionality. Al’", Fe’", Mg, Cu®*”
and Ca’" are particularly suitable for the dispersions of the present disclosure, although
other multivalent cations may also be used.

Addition of multivalent cations to SDP by methods described in U.S. Patent No.
6899754 limits the level of cations that can be added because the ionic strength will be-
come too high. A high level of multivalent cations can be introduced to the dispersion
by removing ionic strength from monovalent cations and anions.

Water soluble multivalent cation salts are added directly to a pigment disper-
sion. Adjustment of pH during the addition of cation salts may be necessary to main-
tain alkalinity. The addition of cation salts is typically followed by ultrafiltration in or-
der to lower the ionic strength so as to improve dispersion stability. Otherwise, the re-
sulting dispersion may exhibit particle size growth due to dispersion shocking during

the addition of salts. Microfluidization or other high shear processing may be required
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to break up the aggregates. Alternatively, by maintaining a conductivity target of the
concentrate during ultrafiltration, it is possible to achieve a specific multivalent cation
mole ratio with respect to surface acid functionality while controlling particle size
growth.

The dispersions of the present disclosure can also be made by introducing the
multivalent cations as water soluble salts or water insoluble hydroxides during the SDP
oxidation process, such as the ones described in U.S. Patent No. 6852156, which is in-
corporated by reference herein as if fully set forth. The hydroxides thus introduced can
be solubilized due to acids generated during the oxidation process.

Anionic Polymeric Binder

Suitable anionic polymeric binders for the present disclosure include polyure-
thane, polyurea, polyester, polyether, waterborne acrylic copolymers, and mixtures
thereof. The polyurethane and polyester can be amphoteric. The acrylic copolymer
include random, graft and block polymers.

EXAMPLES
Calculation of Acid Value

The acid value was calculated as shown below.
Acid Value = (V;,-V)) * (HCI Normality) / (Sample Wt. * % Solids of sample)
Units for Acid Value is “mmols of acid per g solid”
Where:
V1 = Volume (mL) at Inflection Pt. # 1
V, = Volume (mL) at Inflection Pt. # 2
HCI Normality = Normality of the HCI titrant solution used in titration
Sample Wt. = Weight (g) of the aqueous SDP
% Solids = Percent solids of acid-containing pigment dispersion

Polymeric Binder 1

Polymeric Binder 1 contains carboxylic acid groups with an AV of 0.55 mmols
acid/g, and was prepared according to the procedures disclosed patent publication
WO02013/165946, which is incorporated by reference herewith, as if fully set forth.
Pigment Dispersion 1

Carbon Black (Nipex 160 IQ, Orion, surface area = 180, Oil Absorption = 128,

primary particle size = 20 nm) was oxidized according to the procedure described in

U.S. Patent No. 6852156, which is incorporated by reference herein as if fully set forth,
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until the desired level of surface functionalization was achieved, and subsequently neu-
tralized with potassium hydroxide.

After oxidation and neutralization, the dispersion was purified by ultrafiltration.
The acid value of the dispersion was measured by adjusting the pH of a weighed sam-
ple of the dispersion to ~12 to ensure all acid groups on the surface are neutralized.
The sample was then back titrated with dilute hydrochloric acid using an auto titrator.
Pigment Dispersion 1 thus obtained had a solid content of 19.45% and an acid value of
0.41 mmol/g.

After the dispersion was made, Polymeric Binder 1 was free added to the disper-
sion at a pigment to binder P/B ratio of 10 and stirred for 30 minutes.

Pigment Dispersion 2

A sample of Pigment Dispersion 1 was added to a pot and diluted with DI water
until the pigment concentration is 4%. The bottom discharge of the pot was pumped to a
500 kilodalton ultrafiltration membrane cartridge and recirculated. Separately, a 0.04 M
solution of iron nitrate was prepared and loaded into an addition funnel. The amount of
solution prepared was such that the molar ratio of Fe(NOs); to pigment surface acid was
0.4. The addition funnel was mounted above the concentrate pot and added dropwise,
while permeate was collected in a separate pot. The iron displaces the potassium salt on
the pigment. The potassium and nitrate are removed from the concentrate in the permeate.
The concentrate pot was held at ~4% pigment and washed with DI water to a conductivity
end point of ~0.1 mS/cm following addition of the salt solution. The dispersion was then
concentrated to ~12% pigment.

After the dispersion was made, Polymeric Binder 1 was free added to the disper-
sion at a pigment to binder P/B ratio of 10 and stirred for 30 minutes.

Pigment Dispersion 3

A sample of Pigment Dispersion 1 was added to a pot and diluted with DI water
until the pigment concentration is 4%. The bottom discharge of the pot was pumped to a
500 kilodalton ultrafiltration membrane cartridge and recirculated. Separately, a 0.04 M
solution of aluminum nitrate was prepared and loaded into an addition funnel. The
amount of solution prepared was such that the molar ratio of AI(NOs)s; to pigment surface
acid was 0.4. The addition funnel was mounted above the concentrate pot and added
dropwise, while permeate was collected in a separate pot. The aluminum displaces the

potassium salt on the pigment. The potassium and nitrate are removed from the concen-
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trate in the permeate. The concentrate pot was held at ~4% pigment and washed with DI
water to a conductivity end point of ~0.1 mS/cm following addition of the salt solution.
The dispersion was then concentrated to ~12% pigment.

After the dispersion was made, Polymeric Binder 1 was free added to the disper-
sion at a pigment to binder P/B ratio of 10 and stirred for 30 minutes.

Pigment Dispersion 4

A sample of Pigment Dispersion 1 was added to a pot and diluted with DI water
until the pigment concentration is 4%. The bottom discharge of the pot was pumped to a
500 kilodalton ultrafiltration membrane cartridge and recirculated. Separately, a 0.04 M
solution of magnesium nitrate was prepared and loaded into an addition funnel. The
amount of solution prepared was such that the molar ratio of Mg(NQOs), to pigment surface
acid was 0.4. The addition funnel was mounted above the concentrate pot and added
dropwise, while permeate was collected in a separate pot. The magnesium displaces the
potassium salt on the pigment. The potassium and nitrate are removed from the concen-
trate in the permeate. The concentrate pot was held at ~4% pigment and washed with DI
water to a conductivity end point of ~0.1 mS/cm following addition of the salt solution.
The dispersion was then concentrated to ~12% pigment.

After the dispersion was made, Polymeric Binder 1 was free added to the disper-
sion at a pigment to binder P/B ratio of 10 and stirred for 30 minutes.

Pigment Dispersion 5

Pigment Dispersion 5 was prepared similarly to Pigment Dispersion 2. However,
after addition of the multivalent cation solution, Polymeric Binder 1 was added to the con-
centrate pot during the process, at a pigment to binder P/B ratio of 10. The dispersion was
washed with DI water for three volume dilutions and concentrated to ~12% pigment.

Pigment Dispersion 6

Pigment Dispersion 6 was prepared similarly to Pigment Dispersion 3. However,
after addition of the multivalent cation solution, Polymeric Binder 1 was added to the con-
centrate pot during the process at a pigment to binder P/B ratio of 10. The dispersion was
washed with DI water for three volume dilutions and concentrated to ~12% pigment.

Pigment Dispersion 7

Pigment Dispersion 7 was prepared similarly to Pigment Dispersion 4. However,

after addition of the multivalent cation solution, Polymeric Binder 1 was added to the con-

10
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centrate pot during the process at a pigment to binder P/B ratio of 10. The dispersion was
washed with DI water for three volume dilutions and concentrated to ~12% pigment.
Results

The amount of binder adsorbed to the surface of the pigment was quantified by the
following method.

A sample of each of the dispersion was diluted to 5% pigment and centrifuged at
20,000 rpm for 2 hours. Next, the supernatant of the centrifuged sample was collected.
Three samples of the supernatant were weighed out into trays and placed in an oven at
150°C for three hours. The average % solids of the three samples was then recorded. The
remaining supernatant sample was measured for pigment solids via UV-vis. With this in-
formation, a mass balance was prepared to calculate the bound polymer, defined as the
amount of polymer adsorbed to the surface and free polymer, defined as the amount of

polymer free in solution. The results are shown in Table 1.

TABLE 1
Pigment Dis- TREAT- %Bound .
persion No. MENT P/B Polymer Description
1 Control 10 22.60% SDP with Binder Free Add.
Fe™ Treated SDP with
0
2 Fe(NOs); 10 36.90% Binder Free Add.
Al Treated SDP with
0
3 AlNOs); 10 40.80% Binder Free Add.
Mg+2 Treated SDP with
0
4 Mg(NOs), 10 30.90% Binder Free Add.
Fe™ Treated SDP with
5 Fe(NOs); 10 68.50% Binder Add During Ultrafil-
tration.
Al Treated SDP with
6 AI(NOs); 10 62.50% Binder Add During Ultrafil-
tration.
Mg"* Treated SDP with
7 Mg(NOs), 10 49.40% Binder Add During Ultrafil-
tration.

As presented in Table 1, % bound polymer increased when the SDP was surface

treated with a multivalent cation. Bound polymer was even higher when the binder was

11
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added during processing. Also, the SDP samples treated with trivalent cations had more

bound polymer than the divalent sample.

12
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CLAIMS
What is claimed is:
1. An aqueous pigment dispersion comprising:

a self-dispersing pigment having at least one type of hydrophilic functional group
bonded onto a surface of the self-dispersing pigment, said at least one type of hydrophilic
functional group comprising a carboxyl group;

a multivalent cation selected from the group consisting of Mg”", Ca**, Cu™", Al’",
Fe’", and mixtures thereof, wherein said cation is adsorbed onto said self-dispersing pig-
ment via ionic bonds between the cation and surface acid group on the self-dispersing
pigment; and

an anionic polymeric binder.

2. The pigment dispersion of claim 1, wherein said multivalent cation is present at a

level of at least 2 ppm.

3. The pigment dispersion of claim 1, wherein said multivalent cation is Mg,

4. The pigment dispersion of claim 1, wherein said multivalent cation is Cu®".

5. The pigment dispersion of claim 1, wherein said multivalent cation is Ca”".

6. The pigment dispersion of claim 1, wherein said multivalent cation is Al*",

7. The pigment dispersion of claim 1, wherein said anionic polymeric binder is se-

lected from the group consisting of polyurethane, waterborne acrylic copolymer, water-

borne polyester, and mixtures thereof.

8. The pigment dispersion of claim 7, wherein said polyurethane is amphoteric.
0. The pigment dispersion of claim 7, wherein said polyurethane is an amphoteric
polyester.

13
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10.  The pigment dispersion of claim 7, wherein said waterborne acrylic copolymer is a

random polymer.

11. The pigment dispersion of claim 7, wherein said waterborne acrylic copolymer is a

block polymer.

12.  The pigment dispersion of claim 7, wherein said waterborne acrylic copolymer is a

graft polymer.

14
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