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INKJET RECEPTOR MEDIUM HAVING A MULTI-STAGED INK MIGRATION INHIBITOR

Field of Invention

This invention relates to a microporous inkjet receptor that provides
excellent images with pigmented inks deposited thereon in a manner that impedes

migration of the pigmented inks when in contact with water.

Background of Invention

Inkjet imaging techniques have become vastly popular in commercial
and consumer applications. The ability to use a personal computer and desktop printer
to print a color image on paper or other receptor media has extended from dye-based
inks to pigment-based inks. The latter provide brilliant colors and more durable images
because pigment particles are contained in a dispersion before being dispensed using a
thermal inkjet print head, such as those commercially available from Hewlett Packard
Corporation or LexMark Corporation in inkjet printers commercially available from
Hewlett Packard Corporation, Encad Inc., Mimaki Corporation, Epson Corporation, and
others.

Ink jet printers have been in general use for wide-format electronic
printing for applications such as, for example, engineering and architectural drawings.
Because of the simplicity of operation, economy of ink jet printers, and improvements in
ink technology, the inkjet imaging process holds a superior growth potential for the
printing industry to produce wide format, image on demand, presentation quality durable
graphics.

- The components of an ink jet system used for making graphics can be
grouped into three.major categories:

1. Computer, software, printer;

2 Ink; and

3 Receptor sheet.

The computer, software, and printer will control the size, number and
placement of the ink droplets and will transport the receptor film. The ink will contain
the colorant or pigments which form the image. The receptor film will provide the
medium which accepts and holds the ink. The quality of the ink jet image is a function

of the total system. However, the composition and interaction between the ink and
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receptor film is most important in an ink jet system.

Image quality is what the viewing public and paying customers will
want and demand to see. Many other demands are also placed on the ink jet media/ink
system from the print shop, such as rapid drying, humidity insensitivity, extended shelf
life, waterfastness and overall handleability. Also, exposure to the environment can
place additional demands on the media and ink (depending on the application of the
graphic).

Porous membrane is a natural choice to use as an ink jet receptive
medium because the capillary action of the porous membrane can wick the ink into the
pores much faster than the absorption mechanism of film forming water soluble
coatings. However, in the past, when a porous coating or film has been employed to
achieve desired quick dry, optical density has suffered greatly because the colorant
penetrates too deep into the porous network. This type of problem is magnified by
printers that dispense high volumes of ink per drop because extra film thickness may be
required to hold all the ink. When the pore size and pore volume of the membrane are
opened to allow the pigments to penetrate, the pigments can be stratified in the
membrane. Meaning, the black, cyan, magenta, and yellow will be predominately found
at different depths depending on the order of application. Hence, some of the first
color(s) applied is/are optically trapped in the image by subsequent application of other
pigmented ink. Furthermore, lateral diffusion of the ink can also be a problem inherent in
porous membranes used as receptive media. When pigmented inks are jetted onto a
porous film that has a pore size that is too small, color pigments will be filtered on the
top of the membrane rendering high image density, but the pigments could easily smear
and have the effect of never drying. Also, excess fluid from the ink can coalesce, or
even worse, pool and run on the image before the water/glycol carrier is wicked away.

The chemical formulation of the pigmented inkjet ink has considerable

* complexity due to the requirement of continued dispersion of the pigment particles in the

remainder of the ink and during jetting of the ink.

The typical consumer medium for receiving dye-based inkjet inks has
been paper or specially coated papers. However, with too much inkjet ink in a given
area of the paper, one can see the over-saturation of the paper with the aqueous ink in
which dye was dissolved.

As inkjet inks have become more commercially oriented and pigmented-

-
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based inks have become more prevalent, different media have been tried in an attempt to
control the management of fluids in the ink.

Japanese Patent JP 61-041585 discloses a method for producing printing
material using a ratio of PVA/PVP. The disadvantage is inadequate waterfastness and
wet rub off properties.

Japanese Patent JP61-261089 discloses a transparent material with
cationic conductive resin in addition to a mixture of PVA/PVP. The material is water
fast and smudge proof but the wet rub off properties are poor.

European Patent Publication EP 0 716 931 Al discloses a system using a
dye capable of co-ordinate bonding with a metal ion in two or more positions. Again
binder resins are used with inorganic pigments in the paper or film. The metal ion was
preferred to be jetted on before imaging and additional heating is necessary to complete
the reaction. This system was not claiming to be water fast; the focus was long term
storage without fading from heat or light.

U.S. Pat. No. 5,537,137 discloses a system to achieve waterfastness by
curing with heat or UV light. In the body of the patent, examples of their coatings
contained Cat™ from CaCly. This was added to provide reactive species for the acid
groups on the dispersed polymer. The coating remains water soluble until UV or heat
curing after imaging.

Hence, the current special ink jet media employ vehicle absorptive
components, and sometimes optional additives to bind the inks to the media. Asa
consequence current media are inherently moisture sensitive and can be fragile to
handling and subject to finger smearing. Moreover, the vehicle absorptive components
usually consist of water soluble (or swelling) polymers which result in slower printing
speeds and dry times.

Pigmented ink delivery systems have also dealt with pigment
management systems, wherein the resting location of the pigment particles are managed
to provide the best possible image graphic. For example, U.S. Pat. 5,747,148 (Warner
et al.), discloses a pigment management system in which a suitable supporting layer
(including in a listing a microporous layer) has a two layer fluid management system: a
protective penetrant layer and a receptor layer, both layers containing filler particles to
provide two different types of protrusions from the uppermost protective penetrant layer.

Electron microphotographs in that application show how the pigment particles of the ink
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encounter smooth protrusions that provide a suitable topography for pigment particle
"nesting" and rocky protrusions that assist in media handling and the like.

Other ink receptors have been disclosed, including U.S. Pat. Nos.
5,342,688 (Kitchin); 5,389,723 and 4,935,307 (both Igbal et al.); 5,208,092 (Igbal)
5,302,437 (Idei et al); U.S. Pat. No. 5,206,071 (Atherton et al.); and EPO Patent
Publication 0 484 016 Al.

One prior activity has combined a fluid management system with a
pigment management system, as disclosed in copending, coassigned, United States
Patent Application Serial No. 08/892,902 (Attorney Docket No.53473USA1A). This
work solves the need for an inkjet receptor to have both a pigment management system
for flocculating or agglomerating incoming pigment/dispersant particles and a fluid
management system for efficiently dispensing with the carrier fluids within a porous
substrate.

Another prior activity has used ink migration inhibitors that are based on
a copolymer is comprised of at least two different hydrophilic monomers, each of whose
homopolymers are hydrophilic yet the resulting copolymer from the different
hydrophilic monomers is sparingly soluble in water. Copending, coassigned, United
States Patent Application Serial No. 09/099,956 (Waller et al.) discloses such ink

migration inhibitors that operate in a single stage manner.

Summary of Invention

It has been found that inkjet receptor media requires durability for
exposure to water in the form of humidity, rain, dew, snow, and the like.

It has also been found that pigment particles in aqueous inkjet ink
formulations require time to establish a stable relationship with the medium upon which
they have been deposited during inkjet printing.

It has been found that pigment particles are capable of migration within
pores of a porous inkjet receptor medium, even if such receptor medium has both a fluid
management system and a pigment management system.

Copending, coassigned, United States Patent Application Serial No.
09/099,956 (Waller et al.) provides a “single stage” ink migration inhibitor because it
provides a rapid establishment of a stable relationship between pigment particles (and

-4-
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their dispersants) and the inkjet receptor medium, particularly when the printed medium
is likely to be exposed to water shortly after printing.

However, it has now been found that pigment particles require the use of
a “multi-stage” ink migration inhibitor because there are inkjet receptor media which do
not prefer first stage ink migration inhibitors.

“Multi-stage” ink migration inhibitors differ from “single stage” ink
migration inhibitors in two critical characteristics: (1) the multi-stage inhibitor
compositions are quite soluble in water unlike the single stage ink migration inhibitors
that are sparingly soluble in water; and (2) the multi-stage inhibitor compositions act
more aggressively initially to establish the stable relationship between the pigment
particles (and their dispersants) and the inkjet receptor medium with the inhibitors’
second stage functioning in the same manner as the single stage inhibitors of the present
art.

One skilled in the art can choose among use of single-stage inhibitors,
multi-stage inhibitors, or both, depending on the particular requirements of the ink and
media characteristics. In any of these possibilities, the art now has a means for
inhibiting ink migration when the image graphic encounters water or an excessively
humid environment.

One aspect of the present invention is a multi-stage migration inhibitor
for pigmented inks comprising a polymer having quaternary amine functional groups,
wherein the polymer is quite soluble in water.

For purposes of this application, “quite soluble in water” means
dissolution of the monomer in deionized water at room temperature (about 15-18°C) in
an amount of 50-90 grams/100g of water.

Pigmented inkjet inks include both thermal inkjet inks and piezo inkjet
inks. Preferably, such inks are aqueous inkjet inks.

One feature of the present invention is a polymer comprising quaternary
amine functional group(s) that are quite soluble in water and can complex with
pigmented inks and their dispersants to create insoluble higher molecular weight
complexes. The new complex formed in a porous inkjet receptor medium becomes
essentially water-fast from additional water or moisture. Sources of water are typically

from the environment in the form of humidity, rain, snow, etc.
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1t is believed that kinetics of the complexation of components of ink and
the quaternary amine functional groups involves hydrophilic interaction in the same
manner as disclosed in copending, coassigned, United States Patent Application Serial
No. 09/099,956 (Waller et al.) but more aggressively and rapidly than occurs with the
sparingly soluble homopolymers and copolymers used in that single stage complexation
because the quite soluble polymers of the present invention are more easily dissolved by
ink carrier fluids. Because polymers of the present invention are “multi-stage” ink
migration inhibitors, the polymers of the present invention can both aggressively and
rapidly complex with any ink components that need inhibition from migration and then
more conventionally scavenge for any ink components that need inhibition from
migration.

The need for a multi-stage ink migration inhibitor arises from the fact
that the quality of the printing inks is uncontrollable and can vary from lot to lot. Also,
the properties of the inkjet receptor media can vary from lot to lot. These variations
cause other changes, which have led to the need for a more aggressive migration
inhibitor. A multi-stage inhibitor of the present invention solves the problems resulting
from lot variations.

“Hydrophilic interaction” in the present context means a
physicochemical phenomenon whereby the functional group(s) in the multi-stage ink
migration inhibitor undergoes interactions with the dispersants and the ions in
hydrophilic medium.

One advantage of the present invention is that a quite soluble polymer
of the present invention can substantially immobilize pigment particles and their
associated dispersants from migration when the printed inkjet receptor medium comes in
contact with water, but in a manner that either complements or replaces the use of single-
stage ink migration inhibitors that occupy a later or last stage of the multi-stage ink
migration inhibitor.

In addition, ternary polymers of the present invention increase optical
density of images and allows for a better imbibing solution along with the other receptor
ingredients for coating porous media to make useful inkjet receptor media. This is
because there can be a greater loading of the multi-stage ink migration inhibitors of the
present invention in the coating solutions used to prepare the inkjet receptor medium.

There are also better flocculating properties in a multi-stage manner described above.

-6-
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Thus, the present invention provides an inkjet receptor medium, that
includes: a porous membrane; and a multi-stage migration inhibitor for pigmented inks,
comprising a polymer having quaternary amine functional groups, wherein the polymer
is quite soluble in water. Preferably, the polymer has a formula P(X/Y/Z) where X is a
pyrrolidone-containing polymerized monomer; Y is an acid-containing polymerized
monomer; and Z is a quaternary amine-containing polymerized monomer.

Other features and advantages of the invention will be disclosed in

relation to the embodiments of the invention, using the following drawings.

Brief Description of Drawings

Fig. 1 is a comparison color digital image showing pigment migration
when inkjet receptor medium has not employed the pigment migration inhibitor of the
present invention.

Fig. 2 is a color digital image showing substantially no pigment
migration under the same conditions as seen in Fig. 1, except that the inkjet receptor
medium has employed the pigment migration inhibitor of the present invention.

Fig. 3 is another comparison color digital image showing pigment
migration when inkjet receptor medium has not employed the pigment migration
inhibitor of the present invention, but at a different concentration than used as seen in
Fig. 1.

Fig. 4 is a color digital image showing substantially no pigment
migration under the same conditions as seen in Fig. 3, except that the inkjet receptor
medium has employed the pigment migration inhibitor of the present invention, but at a
different concentration than used as seen in Fig. 2.

Fig. 5 is a comparison color digital image showing pigment migration
when inkjet receptor medium has not employed the pigment migration inhibitor of the
present invention, with the same concentration as in Fig. 1 but at a different time of onset
of water exposure.

Fig. 6 is a color digital image showing substantially no pigment
migration under the same conditions as seen in Fig. 5, except that the inkjet receptor
medium has employed the pigment migration inhibitor of the present invention with the

same concentration as in Fig. 2 but at a different time of onset of water exposure.
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Fig. 7 is another comparison color digital image showing pigment
migration when inkjet receptor medium has not employed the pigment migration
inhibitor of the present invention, but at a different concentration than used as seen in
Fig. 5 even though the onset of water exposure was the same.

Fig. 8 is a color digital image showing substantially no pigment
migration under the same conditions as seen in Fig. 7, except that the inkjet receptor
medium has employed the pigment migration inhibitor of the present invention, but at a
different concentration than used as seen in Fig. 6 even though the onset of water

exposure was the same.

Preferred Embodiments of the Invention

Inkjet Receptor Medium

The inkjet receptor medium can be any porous membrane or film known
to those skilled in the art wherein it is desired to print inkjet inks on at least one major
surface thereon. Preferably, the porous membrane is a microporous membrane, more
preferably, a phase separated microporous membrane (e.g., a phase inversion membrane,
which can be wet or dry, as described in R.E. Kesting, Synthetic Polymeric Membranes:
Structural Perspective, 2d ed., John Wiley & Sons, 1985, Chapter 7, pages 237-285), and

most preferably, a thermally induced phase separated (T.LP.S.) microporous membrane
of the type disclosed in U.S. Pat. No. 4,539,256 (Shipman), 4,726,989 (Mrozinski),
5,120,594 (Mrozinski), 4,867,881 (Kinzer), and 4,247,498 (Castro). Another
microporous membrane is TESLIN, which is made according to the procedures of U.S.
Pat. No. 4,892,779 (Leatherman), which requires “processing with plasticizer to a
uniform mixture,” extraction, and stretching. These process activities or techniques are
traditionally used for membrane formation. Similar products made according to the
procedures of U.S. Pat. No. 4,613,441 (Kohno) would also be considered as microporous
membranes for use with this invention.

Preferably, the medium is an inkjet receptor medium that includes a
porous substrate having a fluid management system and a pigment management system
impregnated into the pores of the porous substrate such that these systems are in contact
with surfaces of pores of the substrate therein, such as disclosed in copending,
coassigned, United States Patent Application Serial No. 08/892,902 (Attorney Docket
No0.53473USA1A) and related PCT Publication WO 99/03685. One embodiment of that

-8-
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medium is an inkjet receptor comprising a microporous membrane impregnated with an
inorganic multivalent metal salt together with a surfactant or combination of surfactants
chosen for the ink and membrane being employed.

Another embodiment is an inkjet receptor comprising a microporous
membrane impregnated with a microporous fluorinated silica agglomerate together with
a binder and a surfactant or a combination of surfactants for the ink and membrane being
employed.

Another embodiment of the present invention is an inkjet receptor
comprising a microporous membrane impregnated with a microporous fluorinated silica
agglomerate together with a binder and a surfactant or combination of surfactants,
wherein the said surfactants are selected from the group of hydrocarbon-based anionic
surfactants, silicon-based non-ionic surfactants or fluorocarbon-based non-ionic based
surfactants or a combination thereof.

These receptors, when imaged in an inkjet printer, provide very high
density and very high quality images, which are tack-free and instantaneously dry to
touch.

The ink colorant is typically a pigment dispersion having a dispersant
that binds to the pigment that will destabilize, flocculate, agglomerate, or coagulate the
pigments on contact with the media component. According to the present invention,
depositing each of the colors at or just below the surface of the membrane allows the
carrier fluid to wick into the membrane where the fluid management system can take
over, while providing a sheltered location for the pigments as managed by the pigment
management system.

For particularly preferred embodiments, the inkjet receptor medium uses
a Thermally Induced Phase Separated (T.I.P.S.) microporous membrane of the type
disclosed in U.S. Pat. Nos. 4,539,256 (Shipman), 4,726,989 (Mrozinski), and 5,120,594
(Mrozinski), and available from 3M Company (St. Paul, MN). For optimization, the
pore size and pore volume of the porous film can be adjusted for the model or make of
the ink jet printer to correctly hold the volume of ink dispensed by the printer ensuring
the highest possible image quality. A particularly preferred microporous membrane for
the present invention when printing with a 35 picoliter/drop x 4 colors x 600 x 600
drops/inch, for example, is a polypropylene membrane prepared using thermally induced

phase separation techniques according the disclosures of U.S. Pat. Nos. 4,539,256
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(Shipman et al.), 4,726,989 (Mrozinski), and more particularly 5,120,594 (Mrozinski),.
Preferably, the polypropylene membrane is co-extruded with a mineral oil followed by
bi-axial stretching under thermal conditions.

The coating on the preferred media/ink set has special utility in the
demanding ink jet printing applications found in commercial printing. Thus, one can
“fine tune” the properties of these receptors to deal with the variables of inkjet ink
delivery, including without limitation: porosity of media, pore size, surface wetting
energy, and other capacity issues for media to receive ink of various formulations and
drop volumes. Moreover, these media exhibit a complex porosity in its porous material
that provides both a tortuous path for fluid management and a tortuous path that ensnares

the pigment initially and continually during ink delivery.

Pigment Migration Inhibitor

Pigment migration inhibitors useful in the present invention can be
polymers containing a quaternary amine functional group according to the following
general formula I:

I
P(X/Y/Z)
Wherein “P(X/Y/Z)” represents a polymer of copolymerized monomers X, Y, and Z; X
is a pyrrolidone-containing polymerized monomer; Y is an acid-containing polymerized
monomer; and Z is a quaternary amine-containing polymerized monomer.

The amount in weight percent of the X monomer in the polymer ranges
from about 30 weight percent to about 66 weight percent of the total polymer, and
preferably from about 40 weight percent to about 50 weight percent.

The amount in weight percent of the Y monomer in the polymer ranges
from about 10 weight percent to about 32 weight percent of the total polymer, and
preferably from about 10 weight percent to about 20 weight percent.

The ratio of weights of the X monomer to the Y monomer ranges from
about 2:1 to about 4:1, and preferably is about 3:1.

The amount in weight percent of the Z monomer in the polymer ranges
from about 2 weight percent to about 50 weight percent of the total polymer, and
preferably from about 30 weight percent to about 45 weight percent.

Nonlimiting examples of polymers of formula I include

-10-
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poly(vinylpyrrolidone-co-acrylic acid-co-dimethylaminoethyl acrylate methylchloride)
abbreviated as “P(NVP/AA/DMAEA-CH3Cl)”; poly(vinylpyrrolidone-co-acrylic acid-
co- dimethylaminoethyl methacrylate methylchloride) abbreviated as
“P(NVP/AA/DMAEMA-CH3Cl)”; poly(vinylpyrrolidone-co-acrylic acid-co-

5 dimethylaminoethyl methacrylate benzylchloride) abbreviated as
“P(NVP/AA/DMAEMA-BenzyiCl)”; and poly(vinylpyrrolidone-co-acrylic acid-co-
dimethylaminoethyl methacrylate hexadecanebromide) abbreviated as
“P(NVP/AA/DMAEMA-C1H33Br)”.

Preferably, a polymer used in the present invention is
10 P(NVP/AA/DMAEA-CH3Cl) and has the following formula II:
I

~(-CH2-CH-CH,-CH-CH;"CH-),-
7

H H2
H,
(CHs)s +C}'

YT

Z

15
Polymers of the present invention are synthesized by a reaction of the X,
Y, and Z monomers in the appropriate weight ratios identified above.
Molecular weight (Number Average) has been been found to be
significant for performance of the inhibitor polymers of the present invention. The
20 molecular weight of the polymer can range from about 10,000 to about 300,000,
preferably from about 20,000 to about 200,000, and more preferably from about 30,000
to about 100,000 (greater than about 35,000).
Once monomers are selected, the polymerization is rather less
complicated. Mixing the monomers in appropriate solvent with the right amount of

25 initiator and subjecting the mixture to mild heating allows the polymerization reaction to

-11-
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take place in reasonable time frame. The initiator concentration has to be adjusted in
such a way so that in a given set of monomer concentrations, the copolymer with the
desired molecular weight is obtained with 95-99% conversion.

The comonomer ratios determining composition of the polymer is
important. These ratios reflect not only the solubility of the polymer in a water-based
composition but also determines the polymers’ inhibitor properties towards the pigment
mobility. The multi-stage ink migration inhibition is based on the unexpected properties
of a P(X/Y/Z) of formula I. The quaternary amine-containing Z monomer provides
aggressive and rapid inhibition of ink migration, whereas the combination of the X and
Y monomers serves as the slower, more scavenging ink migration inhibitor. This multi-
stage ink migration inhibitor property of polymers of formula I are versatile for the
different types of pigments employed in inkjet inks. For example, it has been found that
the most likely pigments to migrate are cyan and yeillow. Multi-stage ink migration
inhibitors are particularly suitable for inhibiting ink migration because of the presence of
the Z monomer in the polymer of formula I, while the magenta and black pigments are
ably served by the X and Y monomers of formula I. Providing a versatile flocculating
agent as a multi-stage ink migration inhibitor of the present invention assures that any
likely printing pigment will be inhibited from migration over dwell times ranging from
immediate, total immersion after printing to months of natural exposure in outdoor
climates.

In other words, a terpolymer of acrylic acid, (N-vinyl-2-pyrrolidinone),
and DMAEA-CH3Cl provides a balance of properties for both high density and low
pigment mobility and does not adversely interfere with other properties such as fluid
management and other pigment management such as flocculation/agglomeration of the
pigment particles.  Polymerization of X, Y, and Z monomers to form a polymer can
employ any conventional polymerization technique, among them including, bulk
polymerization, emulsion polymerization, and solution polymerization, with the last
being presently preferred. Such polymerization processes can be effected by
conventional procedures, among them including, anionic, cationic, and free-radical
polymerization, with the last being presently preferred.

After polymerization of the inhibitor polymer (i.c., copolymer, which is
used herein to refer to polymers containing more than one type of monomer, such as the

terpolymers listed above), the inhibitor polymer is added to a coating solution, such as
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disclosed in copending, coassigned, United States Patent Application Serial No.
08/892,902 (Attorney Docket N9. 53473US1A), for coating on the inkjet receptor
medium. The weight percent of the inhibitor polymer in the coating solution can range,
depending on the molecular weight, from about 1 weight percent to about 10 weight
percent, based on the total weight of the coating solution,in order to minimize deleterious
effects on other printing properties, and preferably from about 2 weight percent to about
7 weight percent, and more preferably from about 3 weight percent to about 6 weight
percent. These weight percents can be higher than the weight percents for a copolymer
that does not include the Z monomer because the presence of the Z monomer groups
(quaternary amine groups) in the polymer of formula I converts the polymer from being

sparingly soluble in water to quite soluble in water.

Optional Additives

In addition to the migration inhibitor of the present invention, one can
add other compounds to improve image quality and stability. For example, to overcome
the presence of any residue residing on the exposed surface of a porous inkjet medium,
where the pigment particles are supposed to be nested within the porous surfaces of the
medium, one can add a drying agent to the coating solution used to load a fluid
management system and/or a pigment management system to a porous medium. One
example of a drying agent is any of those disclosed in copending, coassigned, United

States Patent Application Serial No. 09/099,961 (Waller et al.).

Usefulness of the Invention and Examples

It has been found that ink migration of the pigment particles can occur when a
portion of a printed inkjet medium protected by an overlaminate is partially submerged
in water and capillary forces cause continuous water flow within the overlaminated
printed medium within the submerged portion to other locations within the submerged
portion and sometimes to the unsubmerged portion. This continuous water flow in true
capillary action transports pigment particles within various locations in the submerged
portion and sometimes to the unsubmerged portion, leaving transported pigment particles
in unintended locations which distorts the intended image. This phenomenon can be
noticeable within minutes or can occur only after several hours of submersion of a

portion of the printed ink. This noticeable ink migration is in a manner like thin layer
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chromatography. The compositions of the present invention inhibit this ink migration,
delaying the phenomenon from minutes to weeks or more. Any edge of a laminated
printed inkjet image or a disruption in the overlaminate can be a source for water flow or
capillary action. Pigment migration could occur uniess the compositions of the present
invention are employed to inhibit pigment migration. The amount of water flow via
capillary action can also determine the amount of migration, but printed inkjet images
should be designed for possible severe conditions than to risk loss of image quality or
image assurance.

Fig. 1 shows an color digital image graphic of several colors of HP2500
Series brand pigmented inkjet inks (commercially available from Hewlett Packard
Corporation of Palo Alto, CA, USA) printed in an image of a test pattern on an inkjet
receptor medium, namely, an oil-in microporous polypropylene membrane prepared
according the disclosures of U.S. Pat. Nos. 4,539,256 (Shipman et al.), 4,726,989
(Mrozinski), and more particularly 5,120,594 (Mrozinski). The membrane was treated

with a coating of various inhibitor compositions as seen in Table 1.

-14-



10

15

WO 00/63023

Table 1 -- Inhibitor Compositions (Weight Percents) and Percent Coating Solutions

Compound Comparison A Example | Comparison B Example 2
Aluminum sulfate, 2.9 29 2.4 2.4
tetradecahydrate

Dicyclohexylsulfo- 5.8 5.8 4.8 4.8
succinate

D,L-2-Pyrrolidone 5- 2.0 2.0 1.6 1.6
carboxylic acid

Dihexylsulfo- 3.0 3.0 2.5 25
succinate

5-Hydroxyiso- 39 39 33 33
phthalic acid

P(NVP/AA) 2.1 - 6.0 -
P(NVP/AA/ - 2.1 = ‘ 6.0
DMAEA-CH3Cl)

Isopropanol 9.6 9.6 8.0 8.0
Ethanol 20.5 20.5 26.6 26.6
2-Pentanol 4.8 4.8 4.0 4.0
De-ionized water 45.4 454 40.8 40.8
Molecular Weight

(Mn)

Percent Solution 2.1 2.1 6.0 6.0

Each of the Examples A, 1, B, and 2 were coated on a membrane.

This membrane had the following properties:

Bubble point 0.75 pm

Gurley 50cm3 20 sec

Porosity % void 41%

Surface wetting Energy

(before treatment) 30 dynes/cm?2
Caliper 0.178 mm (7 mil)

The only effective difference between Examples A and 1 was the use of

P(X/Y) for Example A while P(X/Y/Z) was used for Example 1. The difference
between the set of Examples A and 1 and the set of Examples B and 2 was the

percentage of composition added to the imbibing solution for the membrane: 2% vs. 6%.
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The composition was coated onto the membrane with a No. 4 Meyer
bar. The printed medium was laminated with 3M Overlaminate No. 8519CP from its
Commercial Graphics Division, St. Paul, MN. and the laminated medium was adhered to
a piece of clear polyester and approximately 75% percent was submerged within 30
minutes from printing in water for a period of 24 hours. During this time of submersion,
the image on Example A deteriorated due to pigment migration of the cyan and yellow
pigments, as seen in Fig. 1.

Fig. 2 shows the results for Example 1. The submersion resulted in
substantially no wicking of any color to the waterline or above the waterline for 24 hours
under eye examination.

Similar results were obtained for Examples B and 2 as seen in Figs. 3
and 4, respectively, but Example B had difficulty in coating the imbibing solution
because of the sparingly soluble nature of the P(X/Y) single stage migration inhibitor,
whereas Example 2 performed very well during preparation and testing. Indeed,
Example 2 had superior results to Example 1 in inhibiting migration of cyan and yellow
pigments.

Examples A and 1 and B and 2 were also tested under the same
conditions as described above, except that the onset of time of water exposure, i.e., the
partial immersion did not begin until four days after the printing, instead of 30 minutes.
In each of these Examples A (Fig. 5), 1 (Fig. 6), B (Fig. 7), and 2 (Fig.8), the longer
dwell time before immersion improved the waterfastness of the test images. But use of
the P(X/Y/Z) was still an improvement over the P(X/Y).

A comparison of the image graphics seen in Figs. 1-8 shows the
improvement ink migration inhibition comparing:

(a) the use of P(X/Y): Figs. 1,3, 5, and 7 vs. the use of P(X/Y/Z):

Figs. 2, 4, 6, and §;

(b) different concentrations of inhibitors: Figs. 1, 2, 5, and 6 vs. Figs. 3,
4,7, and 8; and

(c) different onset times for water exposure: Figs. 1-4 vs. Figs. 5-8.

The embodiment shown in Fig. 4 is presently preferred because a higher
concentration provides stronger first stage protection against ink migration.

Failure of the test for migration will be seen usually within the first 2

days after immersion. It is presently believed that the inhibition of this invention
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continues indefinitely and longer than any anticipated length of image display in water-
containing environments, because the combination of the slower X/Y monomers
continue to scavenge for uncomplexed pigment particles in the membrane. Indeed, the
results seen in Figs. 5-8 indicate that the slower X/Y monomers provide that scavenging
effect to narrow the gap of performance between the P(X/Y) inhibitors and the P(X/Y/Z)
inhibitors. But in designing an inkjet receptor medium, one can not know the earliest
time that the image graphic could become exposed to water, making the P(X/Y/Z)
inhibitors of the present invention unexpectedly valuable because of its first stage
properties in the multi-stage inhibition process.

Objects and advantages of this invention are illustrated by these examples,
but the particular materials and amounts thereof recited therein, as well as other conditions
and details, should not be construed to unduly limit this invention. The complete
disclosures of the patents, patent documents, and publications cited herein are
incorporated by reference in their entirety as if each were individually incorporated.
Various modifications and alterations to this invention will become apparent to those
skilled in the art without departing from the scope and spirit of this invention. It should
be understood that this invention is not intended to be unduly limited by the illustrative
embodiments and examples set forth herein and that such examples and embodiments
are presented by way of example only with the scope of the invention intended to be

limited only by the claims set forth herein as follows.
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What is claimed is:

1. An inkjet receptor medium, comprising:

a porous membrane; and

a multi-stage migration inhibitor for pigmented inks, comprising a
polymer having quaternary amine functional groups, wherein the polymer is quite

solubie in water.

2. The inkjet receptor medium of Claim 1, wherein the polymer has a
formula:
PX/Y/Z)
where X is a pyrrolidone-containing polymerized monomer; Y is an acid-containing

polymerized monomer; and Z is a quaternary amine-containing polymerized monomer.

3. The inkjet receptor medium of Claim 2,

wherein the amount of the X monomer ranges from about 30 weight
percent to about 66 weight percent of the total polymer;

the amount of the Y monomer ranges from about 10 weight percent to
about 32 weight percent of the total polymer; and

the amount of the Z monomer ranges from about 2 weight percent to

about 50 weight percent of the total polymer.

4, The inkjet receptor medium of Claim 2,

wherein the amount of the X monomer ranges from about 40 weight
percent to about 50 weight percent of the total polymer;

the amount of the Y monomer ranges from about 10 weight percent to
about 20 weight percent of the total polymer; and

the amount of the Z monomer ranges from about 30 weight percent to

about 45 weight percent of the total polymer.

5. The inkjet receptor medium of Claim 1, wherein the polymer has a

number average molecular weight ranging from about 10,000 to about 300,000.
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6. The inkjet receptor medium of Claim 1, wherein the Z monomer is
selected from the group consisting of dimethylaminoethyl acrylate methylchloride;
dimethylaminoethyl methacrylate methylchloride; dimethylaminoethyl methacrylate
benzylchloride; and dimethylaminoethyl methacrylate hexadecanebromide.

7. The inkjet receptor medium of Claim 1, wherein the polymer is N-
vinyl-2-pyrrolidinone-co-acrylic acid-co-dimethylaminoethylacrylate methyichloride.

8. The inkjet receptor medium of Claim 1, wherein the porous

membrane is a microporous membrane with tortuous paths.

9. The inkjet receptor medium of Claim 1, wherein the

porous membrane is a phase separated microporous membrane.

10. The inkjet receptor medium of Claim 9, wherein the phase separated

microporous membrane is a thermally induced phase separated microporous membrane.
11. The inkjet receptor medium of Claim 1, wherein the porous
membrane comprises a fluid management system and a pigment management system

impregnated into pores of the porous membrane.

12. The inkjet receptor medium of Claim 11, wherein

the pigment management system comprises fluorinated silica agglomerate.

13. The inkjet receptor medium of Claim 12, wherein

the fluid management system comprises a surfactant.

14. The inkjet receptor medium of Claim 11, wherein the porous

membrane is impregnated with an inorganic multivalent metal salt and a surfactant.

15. The inkjet receptor medium of Claim 14, wherein

the fluid management system comprises a surfactant.
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16. An inkjet receptor medium, comprising
(a) a microporous phase separated membrane, and
(b) a multi-stage migration inhibitor for pigmented inks
impregnated into the microporous membrane comprises a polymer having quaternary

5 amine functional groups, wherein the polymer is quite soluble in water.

17. The medium of Claim 16, further comprising a drying agent

impregnated into the microporous membrane.

10 18. The medium of Claim 16, further comprising an image graphic

thereon.

19. A method of preparing an inkjet receptor medium, the method
comprising providing a porous membrane and applying a multi-stage migration inhibitor
15 for pigmented inks comprising a polymer having quaternary amine functional groups,

wherein the polymer is quite soluble in water.
20. A method of forming an image comprising providing the inkjet

receptor medium of Claim 1 and printing an image graphic comprising a pigmented ink

20 thereon.
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