
AQUEOUS INKS The present invention relates to ink compositions for use in
pens, particularly ball-point pen inks. 5              While there are
long-recognized advantages to using aqueous inks in ball point pens, the
viscosity of these inks must be carefully adjusted in order to avoid flow
problems, such as leakage around the ball.  To 10   adjust the viscosity,
these inks have been thickened with natural gums, e.g., xanthan gum. Inks
containing gums, however, often exhibit undesirable performance
characteristics, such as blobbing and inadequate ink flow as the ink 15
supply in the pen is depleted.  Attempts have been made to overcome
blobbing by using a very small-ball, but pens having a small ball size tend
to have a "scratchy feel" during use. Aqueous inks also tend to lack 20
smoothness, good writing consistency, and are prone to drying out at the
ball tip when the pen is left uncapped. The present invention features an
aqueous ink which provides good permanency, long 25     cap-off times, high
writing intensity, smooth writing characteristics, consistent ink flow and 



long shelf life.    -2- In one aspect, the invention features a method of
making an ink having the aforementioned advantageous properties. In one
aspect, the method includes 5     mixing an ink precursor and processing
the ink precursor in a homogenizer, to form an emulsion ink.  The ink
precursor includes a film forming polymer, a pigment, water, and an oil.
Preferred precursors further include a pH 10     dependent thickener, a
base and an emulsifier. Advantageously, only low levels of emulsifier are
typically necessary, due to the efficacy of the homogenizer in forming a
stable microemulsion. In embodiments which include a 15     pH dependent
thickener and a base, the film forming polymer may be omitted, although
this is not generally preferred, as it tends to reduce the permanency of
markings made with the ink. The homogenizer preferably includes a 20
liquid jet interaction chamber in which the leading edges of a plurality of
sheets of a 



liquid mixture are forced under pressure to impinge in a low-pressure
turbulent zone of the liquid. Preferred devices include a plurality 25
of nozzles having elongated orifices to eject under pressure sheets of the
liquid, the nozzles being arranged to effect impingement of the sheets
along a common liquid jet interaction front. Suitable homogenizers of this
type are 30     described in U.S. Patents 4,908,154 and 4,533,254, the
disclosures of which are incorporated herein by reference. In another
aspect, the method includes mixing an oil and water, processing the mixture
35     in a homogenizer to form an oil-in-water microemulsion, and adding
the oil-in-water microemulsion to an ink comprising a film    -3- forming
polymer, a pigment and water. In more preferred embodiments, the ink
further includes a pH dependent thickener and a base, and an emulsifier is
added to the oil and water mixture 5     prior to forming the
microemulsion. In another aspect, the invention 



features an ink composition including a pigment, water, an pH dependent
thickener and a base. Preferably, the composition further includes a 10
film forming polymer.  Preferred compositions provide good ink flow
control, permanence and water resistance. In a further aspect, the
invention features an ink composition including a film 15     forming
polymer, a pigment, water, and an oil. This composition provides
particularly good writing smoothness, long cap off times, permanence and
water resistance. In preferred embodiments, the ink 20     composition, in
addition to a film forming polymer, water, and pigment, includes both an
oil and the combination of pH dependent thickener and base. In preferred
compositions, the oil is selected from drying and semi-drying 25     oils,
and the polymer is an acrylic polymer. These compositions provide a good
balance of properties. The term "pH dependent thickener", as used herein,
refers to a material which, when 30     added to a composition, thickens
the composition only if the composition has a pH of greater than about 7,
preferably between about 8 and 10. 



These thickeners are also referred to in the art as "associative
thickeners". While not being 35     bound by any theory, it is believed
that these thickeners cause the viscosity of the ink to increase because
the thickener itself swells    -4- when contacted by a base. The term
"emulsifier", as used herein, refers to an additive which enhances the
ability of a composition to form an emulsion. The term 5     is intended to
include surfactants and other conventional types of emulsifiers. The term
"microemulsion", as used herein, refers to an emulsion, i.e., a
microscopically heterogeneous mixture comprising 10     minute droplets of
a first liquid suspended in a second liquid, in which the suspended
droplets have a very small, uniform particle size, typically less than
about one micron. The verb "microemulsify", as used herein, refers to 15
processing a solution to form a microemulsion, and "homogenizer" refers to
any device capable of forming a microemulsion. 



The term "drying oil", as used herein, refers to an oil which crosslinks
and forms a 20     dry film by oxidation.  The term "semi-drying oil"
refers to an oil which slowly thickens as a result of oxidation. Other
features and advantages of the invention will be apparent from the
Description 25     of the Preferred Embodiments thereof, and from the
claims. A preferred ink includes a film-forming acrylic polymer, a
lubricating oil, more preferably a drying or semi-drying oil, a 30     pH
dependent thickener, a base, a pigment, an emulsifier, and water. An
emulsion ink is formed by premixing these ingredients and processing them
through a homogenizer to form a microemulsion. 35               The acrylic
polymer is preferably provided in the form of an emulsion. However, if
desired, a water soluble acrylic may be used.    -5- A portion of the
acrylic polymer may be included with the pigment in a pigment dispersion
which 



contains an acrylic polymer as the medium in which the pigment is
dispersed. Preferred 5     acrylic polymers include thermoplastic acrylics,
e.g., polymethacrylates, such as polymethyl methacrylate and other methyl
acrylates. A preferred acrylic emulsion is RHOPLEX[err] AC-261 emulsion,
available from Rohm and Haas Co., 10     Philadelphia, PA.  RHOPLEX AC 261
is an all-acrylic co-polymer combination, a butyl acrylate/methyl
methacrylate blend having a low acid content, a molecular weight of around
1,000,000 and a glass transition temperature of 15     between 15 and 20.
Preferred compositions contain from about 5 to 30 weight percent of the
acrylic polymer, more preferably from 10 to 20 weight percent. Too much of
the acrylic may result in undesirably high viscosity at an 20     effective
level of pigment, while too little may result in an ink having poor water
resistance when dry. Suitable drying and semi-drying oils include vegetable
oils, e.g., linseed (drying), 25     safflower (drying), cottonseed
(semi-drying), and corn (semi-drying), with linseed being preferred.
Instead of drying or semi-drying oils, other lubricating oils, e.g.,
silicones, 



may be used. These other oils, however, may 30     tend to increase the
drying time of the ink. Preferably, the composition contains from about 10
to 25 weight percent of the oil, more preferably about 15 weight percent.
The oil imparts both lubricity and good cap-off 35     properties to the
ink.  Too much oil may cause the ink to dry too slowly, while too little
oil may not impart the desired lubricity and cap-off    -6- properties. The
oil may be added to the ink composition prior to microemulsifying the
composition, or the oil and a portion of the water can be separately
microemulsified prior to 5     addition to the composition, either in
addition to or instead of microemulsifying the entire composition. If the
oil and water are separately microemulsified, it is generally preferred
that the ratio of oil to water in the 10     microemulsion be from about
1:5 to 2:5. The pH dependent thickener is preferably an acid stabilized
acrylic resin. Suitable pH dependent thickeners are 



commercially available from Union Carbide under 15     the tradename
POLYPHOBE, and ALCO gum thickeners, available from Alco Company. POLYPHOBE
9823 acrylic latex thickener is preferred. Preferably, the composition
contains from about 1 to 5 weight percent of the 20     thickener, more
preferably about 2 weight percent. Higher levels of thickener may result in
undesirably high viscosity, while lower levels may not provide adequate
flow control. In embodiments in which the ink composition does 25     not
include a film forming polymer, it is typically preferred to use levels of
thickener at the high end of the preferred range, to provide adequate
viscosity. In order for the pH dependent 30     thickener to effectively
thicken the composition, it is necessary for the composition to have a
relatively high pH, e.g., at least 7 and preferably 8 to 10. The pH of the
composition may be raised by adding a base, 35     e.g., ammonia or
2-amino-2-methyl-1-propanol (AMP), to the composition as a separate
ingredient. Alternatively, the pigment may be   



-7- provided in the form of a pigment dispersion containing a base, and/or
the polymer in the form of a polymer emulsion containing a base, as do the
preferred pigment dispersions and polymer 5     emulsions described herein.
Preferably, the composition contains a sufficient amount of base, whether
provided as a separate ingredient or included in the other components, to
raise the pH of the composition to the preferred 10     level. Enough
pigment should be included in the ink to provide an adequate color
intensity, but not so much that viscosity becomes excessively high. The
preferred inks 15     include between approximately 2% and 10% pigment by
weight, more preferably between approximately 4% and 8%. Pigments that may
be used in the invention include water dispersible pigments, and preferably
the pigment is provided in the 20     form of an aqueous dispersion, for
accurate measurement and uniform mixing. Suitable dispersions include those
available from Hoechst Celanese under the tradename FLEXONYL or HOSTAFINE,
those available from KVK U.S.A. Inc. 



25     under the tradename PREDISOL, those available from Heucotech Ltd.
under the tradename HEUCOSPERSE, those available from Nippon Keiko Kagaku,
Ltd. under the tradename LUMIKOL, and those available from Mikuni Color
Works, Inc. 30     under the tradename TITICACA.  A preferred pigment
dispersion is HEUCOSPERSE III dispersion. The total amount of the pigment
dispersion to be added will depend upon the solids level of the dispersion,
and will be 35     selected to give an effective amount of the pigment, as
described above. It is preferred that the pigment have a relatively small
- 8 - particles size, preferably less than 0.5 micrometer (micron), to
prevent settling. The small particle size also prevents clogging of the pen
point. The emulsifier serves to stabilize the oil-in-water microemulsion.
Suitable emulsifiers include most conventional emulsifiers, in particular
those suitable for emulsifying vegetable oils. Preferably, the emulsifier
is an ethoxylated fatty acid, more 



preferably ethoxylated oleic acid. Preferably, the composition contains
from about 0.5 to 2 weight percent of the emulsifier. Preferably,
sufficient water is included in the ink so that the viscosity of the ink,
measured on a Haake CV-100 Rotovisco viscometer, at 300 sec[err] and
25[err]C., is between about 0.020 Pas (20 cps) and 0.060 Pas (60 cps). If
the viscosity is too low, the composition may exhibit excessive ink flow in
ball point pens.  If the viscosity is too high, the ink may exhibit
performance problems, e.g., blobbing, splitting and inadequate ink flow
during writing. Other conventional ingredients may be included in the
composition, e.g., biocides and surfactants. A preferred procedure for
preparing the preferred compositions, which contain an oil, is to provide
the pigment in the form of a dispersion and the acrylic in the form of an
emulsion, premix these and the other ingredients of the composition, and
pass the resulting mixture through a homogenizer which includes a liquid
jet interaction chamber, such as that commercially available from
Microfluidics, Newton, Mass., under the tradename 



MICROFLUIDIZER Model M-110Y at approximately 8000 psi. Other types of
homogenizers may be    -9- used, provided they are capable of forming a
microemulsion. Preferably, the microemulsion is cooled to approximately
room temperature, e.g., by passage through cooled coils, after it leaves 5
the liquid jet interaction chamber.  Multiple passes through the
homogenizer may be desired in order to obtain a microemulsion having
optimal stability. In an alternate embodiment, only the 10     oil and
water (and, preferably, an emulsifier) are microemulsified, using the same
microemulsifying procedure described above. The resulting oil-in-water
microemulsion is then mixed with the other components of the 15
composition using conventional mixing techniques. Compositions of the
invention which do not contain an oil need not be microemulsified, but can
instead be mixed using conventional 20     techniques. 



In compositions which contain a pH dependent thickener and a base (with or
without an oil), it is preferred that the pH dependent thickener alone be
premixed with water (or water 25     and any acidic to neutral pH
ingredients) before exposure to the base and/or any ingredients having a
basic pH. If added directly to a solution having a basic pH, without prior
dilution in water, the pH dependent thickener 30     may tend to
agglomerate or clump. EXAMPLE An ink composition was prepared having the
formulation shown in Table 1. The composition was prepared using the
following 35     procedure.  First, an oil-in-water microemulsion was
formed by processing 40 parts linseed oil, 58 parts water, and 2 parts
TRYDET 2676    - 10 - surfactant (emulsifier) through a MICROFLUIDIZER
Model M-110Y homogenizer at approximately 8000 psi for 3 passes. Between
each pass the exit stream was cooled by passing it through the 5     coils
of the homogenizer, which were immersed in 



an ice water bath. Then, the POLYPHOBE thickener was premixed with a
portion of the water, and this mixture was mixed with 37.5 parts of the
oil-in-water microemulsion, and the 10     remaining ingredients of the
composition, using a laboratory magnetic stirrer. The resulting ink
composition was placed in a ball point pen, and used to make markings on a
paper substrate. The markings exhibited excellent uniformity and 15
color intensity.  The pen itself was observed to have superior writing
smoothness. TABLE 1 Ingredient               Weight percent RHOPLEX AC 261
emulsion          40 20     Linseed oil                      15 TRYDET 2676
emulsifier            0.75 POLYPHOBE 9823 thickener          2 HEUCOSPERSE
III dispersion       15 SILWET L7001 surfactant           0.5 25     TRYFAC
5571 surfactant            0.5 water                            26.25 Other
embodiments are within the claims. For example, the inks may be used in 30
other types of pens, e.g., capillary feed rolling ball pens.  



CL AIMS 1.          A method of preparing an oil-in-water microemulsion ink
composition, characterized by comprising (1) mixing a pigment, water and
oil with either (a) a film forming polymer or (b) a pH dependent thickener
and base, and homogenizing the mixture; or (2) mixing water and oil,
homogenizing the mixture, and blending the resulting oil-in-water
microemulsion with a mixture of a pigment, water and either (a) a film
forming polymer, or (b) a pH dependent thickener and a base; wherein said
composition comprises by weight 2 to 10% pigment, 10 to 25% oil, 5 to 30%
polymer and or 1 to 5% thickener, and the balance water. 2.          A
method according to claim 1, characterized by comprising the steps of:
mixing a film forming polymer, a pigment, water, and an oil; and processing
the mixture in a homogenizer. 3.          A method according to claim 1,
characterized by comprising the steps of: mixing a pH dependent thickener
that will thicken the microemulsion ink when the pH of the ink is greater
than 7, a sufficient quantity of a base to raise the pH of the ink
composition to greater than 7, a pigment, water, and an oil; and processing
the mixture in a homogenizer. 4.          A method according to claim 1,
characterized by comprising the steps of: mixing an oil and water;
processing the mixture in a homogenizer; and blending the resulting
oil-in-water microemulsion with a film forming polymer, pigment and water.
5.          A method according to claim 1, characterized by comprising the
steps of: mixing an oil and water; 



processing the mixture in a homogenizer; and blending the resulting
oil-in-water microemulsion with a pH dependent thickener that will thicken
the microemulsion ink when the pH of the ink is greater than 7, a
sufficient quantity of a base to raise the pH of the ink composition to
greater than 7, a pigment and water. 6.          A method of claim 2,
characterized by further comprising the step of adding to the ink
composition, a pH dependent thickener that will thicken the    -12-
microemulsion ink when the pH of the ink is greater than 7, and a
sufficient quantity of a base to raise the pH of the ink composition to
greater than 7. 7.           A method of claim 2, characterized in that
wherein said film forming polymer is an acrylic. 8.          A method of
claim 1, characterized in that said oil is a drying or semi-drying oil. 9.
A method of claim 8, characterized in that said oil is a vegetable oil. 10.
A method of claim 9, characterized in that said vegetable oil is linseed
oil. 11.         A method of claim 1, characterized in that said pH
dependent thickener is an acid stabilized acrylic resin. 12.         A
method of claim 1, characterized by further comprising the step of adding
an emulsifier prior to processing in said homogenizer. 13.         An
aqueous microemulsion ink composition made by the method of claim 1,
characterized by comprising a pigment and water, and additionally either 



(a) a film forming polymer, a drying or semi-drying oil; or. (b) a pH
dependent thicker that will thicken the emulsion ink when the pH of the ink
is greater than 7, and a sufficient quantity of a base to raise the pH of
the ink composition to greater than 7. 14.         An ink composition of
claim 13, characterized by further comprising a drying or semi-drying oil.
15.         An ink of claim 13, characterized by further comprising a film
forming polymer. 16.         An ink of claim 15, characterized in that said
polymer is an acrylic. 17.         An ink of claim 13, characterized in
that said oil is a vegetable oil.    - 13 - portion of said water and said
oil are processed in a homogenizer to form a microemulsion prior to adding
said oil to said ink. 20.       An ink of claim 13 or 15, wherein said 5
ink is formed by mixing said components to form an ink precursor and
processing said ink precursor in a homogenizer. 21.       A pen comprising
an outer body wall defining an ink 10     reservoir, the reservoir
containing an ink comprising an oil, a pigment, a film-forming polymer, and
water; and 



a tip in fluid communication with said reservoir for delivering said ink to
a 15     substrate. 22.       A pen comprising an outer body wall defining
an ink reservoir, the reservoir containing an ink comprising a pigment, a
pH dependent thickener, 20     a base, and water; and a tip in fluid
communication with said reservoir for delivering said ink to a substrate.
23.       A pen of claim 21 or 22, further 25     comprising a socket
disposed at said tip and a ball mounted in said socket. 24.       A pen of
claim 22, further comprising a drying or semi-drying oil. 25.       A pen
of claim 22 or 24, further 30     comprising a film forming polymer. 26.
A pen of claim 21 or 24, wherein said oil is a vegetable oil. 27.       A
pen of claim 21 or 24, wherein a portion of said water and said oil are
processed 35     in a homogenizer to form a microemulsion prior to adding
said oil to said ink. 28.       A pen of claim 21 or 24, wherein said  



- 14 - ink is formed by mixing said components to form an ink precursor and
processing said ink precursor in a homogenizer.    


