
EP 0 463 737 B1 Description TECHNICAL FIELD 5     This application relates
to ink formulations for ink-jet printers. BACKGROUND ART Thermal ink-jet
printers operate by employing a plurality of resistor elements to expel
droplets of ink 10 through an associated plurality of nozzles. In
particular, each resistor element, which is typically a pad of a resistive
material measuring about 50 [err] x 50 [err] is located in a chamber filled
with ink supplied from a reservoir. A nozzle plate, comprising a plurality
of nozzles or fine openings, with each nozzle associated with a resistor
element, defines one side of the chamber. Upon energizing of a particular
resistor element, a droplet of ink is expelled through the nozzle toward
the print medium, whether paper, transparent film, or 15  the like. The
firing of ink droplets is typically under the control of a microprocessor,
the signals of which are conveyed by electrical traces to the resistor
elements, thereby forming alphanumeric and other characters on the print
medium. The tight tolerances of the nozzles (typically 40 to 50 [err]
diameter) require that the ink not clog the nozzles. Further, repeated
firings of the resistor elements, which must withstand many millions of
firings 20  over the life of the ink cartridge to be commercially
practical, can result in fouling of the resistor elements. This is unique
to thermal ink-jet printers and is known as kogation. The ink composition
must be capable of interacting with the print medium, especially paper, to
penetrate the paper without undue spreading and a subsequent decrease in
print quality. Finally, the printed characters must dry rapidly and be
waterfast and smear resistant. 25    Inks are known which possess one or
more of the foregoing properties. However, few ink compositions are known
that possess all the foregoing properties, since an improvement in one
property often results in the degradation or another property. Thus, many
inks used commercially represent a compromise In an attempt to achieve an
ink evidencing at least an adequate response in each of the foregoing
considerations. Accordingly, investigations continue into developing ink
formulations which have improved properties and 30  which do not elevate
one property at the expense of the others. In a related patent application
entitled "Waterfast ink Formulations with a Novel Series of Anionic Dyes
Containing two or More Carboxyl Groups", EP-A-0415581, inks are disclosed
which include a dye corresponding to the formula in the free acid state of
35 [err] [err] 45                           [err] wherein 50    W    is
COOH, X    is H or COOH, Y    is H, COOH, or [err] Z    is H, COOH, or
[err] and R    is H, [err] 55  provided that there are at least two COOH
groups and that the number of COOH groups is equal to or greater than the
number of [err] groups. The concentration of the dye in the inks ranges
from 0.5 to 20 wt%. The inks further include up to 30 wt% of a
water-soluble organic solvent for the dye and the balance water. 2   



EP 0 463 737 B1 EP-A-0356080 describes anionic dyes suitable for use in
ink-jet printing. The dyes have general Formula I above, with side-groups
defined as follows:- W is COOH X is H, COOH, [err] halo, hydroxy, nitro,
cyano, [err] alkoxy, or [err]-acylamino; 5    Y is H ,COOH or [err] Z is H,
COOH or  [err] R & R' are each independently H or -alkyl substituted by 0,
1 or 2-COOR2 groups; [err] is H or [err]alkyl; provided that there are at
least two COOH groups and that the number of COOH groups is equal to or 10
greater than the number of [err]groups. The printing inks described in
EP-A-0356080 can contain one or two dyes of the above formula In an aqueous
medium. The ink preferably contains 0.5% to 20% by weight of the dye based
on the total weight of the ink. The ink can also contain various
water-soluble organic solvents for the dye. While the above inks are
suitably employed in thermal ink-jet printers and evidence excellent
waterfast 15  printing on paper, efforts continue to develop further
improvements in ink formulations. The present invention provides the use of
an ink comprising, by wt%: a) from 0.5% to 20% of a mixture of at least two
different dyes, each of which, in the free acid state, independently
corresponds to the formula 20 25 [err]                          [err]
wherein W    is COOH, 35      X    is H or COOH, Y    is H, COOH, or [err]
Z    is H, COOH, or [err] and R    is H, [err]COOH, or [err] provided that
there are at least two COOH groups and that the number of COOH groups is
equal to or 40    greater than the number of [err] groups, b) up to 30% of
a water-soluble organic solvent for said dye, and c) water in a thermal
ink-jet printer to reduce nozzle clogging of the printer. Preferably, each
dye comprises at least 10% by weight of the dye mixture. Preferably, the
two different 45  dyes are present in the mixture in a ratio of from 15:85
to 70:30, more preferably 50:50 by weight. It is preferred that there are
from 2 to 4 COOH groups. It is also preferred that at least two of the COOH
groups are attached directly to an aromatic carbon atom. Where X is H, W
may be in the ortho, meta, or para position with respect to the azo group,
but is preferably in the para position. However, it is preferred that X is
COOH and that the two COOH groups are 50  in the 3,5-, 3,4-, or
2,5-position with respect to the azo group. It is preferred that there are
not more than two [err] groups, i.e., that Y and Z are not both [err] It is
also preferred that there are more COOH groups than [err] groups. The inks
used in this invention comprise, by weight, from 0.5 to 20 wt% dye (total),
up to 30% organic solvent, and the balance mostly water. A buffer is also
employed to maintain the ink at a pH between 7 and 55  9.5. Other adjuncts
commonly found in ink-jet inks, such as a biocide, may also be added to the
inks. Use of at least two such dyes results in better ink and pen
performance. However, even better 



performance is achieved by adding a phosphate, such as ammonium phosphate,
to reduce kogation and by adding a metal chelating agent, such as EDTA, to
prevent metal ion precipitates and, consequently, further 3    EP 0 463 737
B1 improve resistance to nozzle clogging. The dyes of the above formula can
be prepared by diazotization of the corresponding amines, as described in
the above-referenced EP-A-0415581. Examples of suitable mixtures of dyes
for use in the inks of this invention are as follows: 5    Dye 1:    W and
X are COOH, Y is H, Z is [err] R is H; Dye II:    W and X are COOH, 10
Y and Z are H, R is H; Dye III:   W and X are COOH, Y is [err] Z is H, 15
R is H. Preferably, each dye is present in an amount of at least 10% by
weight, based on the combined weight of the dyes. However, for some
applications, ink formulations of equal absorbances may be desirably
employed, in order to obtain the best compromise In properties of the ink.
The dyes of the present invention are preferably used in the form of their
salts, such as alkali metal 20 (Na+, K+ or Li+) or ammonium or substituted
ammonium salt. These are formed by mixing a dye which is in the acid form
with a stoichiometric amount of the appropriate base in water. If one
starts with the sodium salt of the dye and wishes to convert it to another
salt, e.g., ammonium, the sodium form should be acidified to precipitate
out the acid form. The acid form is then treated with the appropriate base,
e.g., NH4 OH. It may be necessary to repeat the acid step and again mix
with the base in order to remove all the 25  sodium ions. Preferably, the
ammonium salt (NH4+) of the dyes is employed in the practice of the
invention. The dyes may also be converted to the ammonium salt by an ion
exchange process using the ammonium form of a strong acid cation exchange
resin. The resin is converted to the ammonium form from the acid form with
ammonium hydroxide. This process is described more fully in U.S. Patent
4,786,-327, issued November 22, 1988, and assigned to the same assignee as
the present application. 30     The inks contain from 0.5% to 20%,
preferably from 1% to 10%, by weight of the dyes based on the total weight
of the ink, there being at least two dyes present. Liquid media used for
preparing the present inks include water and mixtures of water with various
water-soluble organic solvents. When a water-soluble organic solvent is
present, it preferably constitutes from 2% to 30% of the ink. 35     The
water-soluble organic solvents include [err] alkanols such as methanol,
ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, tert-butanol,
isobutanol; amides such as formamide and dimethylacetamide; ketones or
ketone alcohols such as acetone and diacetone alcohol; ethers such as
tetrahydrofuran and dioxane; nitrogen-containing heterocyclic ketones such
as 2-pyrrolidone, N-methyl- pyrrolid-2-one and
1,3-dimethylimidazolid-2-one; polyalkylene glycols such as polyethylene
glycol and 40 polypropylene glycol; alkylene glycols and thioglycols
containing [err] alkylene groups such as ethylene 



glycol, propylene glycol, butylene glycol, triethylene glycol;
thiodiglycol, hexylene glycol, and diethylene glycol; other polyols such as
glycerol and 1,2,6-hexanetriol; and lower alkyl ethers of polyhydric
alcohols such as 2-methoxyethanol, 2-(2-methoxyethoxy)ethanol,
2-(2-ethoxyethoxy)ethanol, 2-methoxy-2-ethoxy-2- ethoxyethanol,
2-(2-(2-methoxyethoxy)ethoxylethanol, and
2-[2-(2-ethoxy-ethoxy)ethoxylethanol. 45     Preferred water-soluble
organic solvents among these are glycols and glycol ethers, such as
ethylene glycol, diethylene glycol, triethylene glycol and
2-methoxy-2-ethoxy-2-ethoxyethanol; polyethylene glycols with molecular
weights up to 500; and heterocyclic ketones such as 2-pyrrolidone,
N-methylpyrrolid-2-one and 1,3-dimethylimidazolid-2-one. Preferred specific
solvent mixtures are a binary mixture of water and diethylene glycol and a
binary mixture of water and 2-pyrrolidone. 50     Use of at least two such
dyes in thermal ink-jet printing results in better ink and pen performance,
including the following properties: 1) reduction of nozzle clogging, 2)
reduction of pen boarding, 3) reduction of ink bronzing on paper, 55    4)
greater pH flexibility, and 5) control of hue characteristics of ink.
Reduction of nozzle clogging is defined as a missing or misaligned
nozzle(s) due to crusted or dried ink in the orifice. 4    EP 0 463 737 B1
Pen boarding is a process where ink crystallizes out of the pen nozzles and
can grow to 5 mm or greater in height. The boarding occurs when the pen is
left off the capping station of a printer and is exposed to air. Bronzing
of ink on paper refers to a reddish-brown color of the ink upon drying.
Many factors affect the 5  amount of bronzing; it is an undesirable
property of black inks because of lowered optical densities produced. As
the pH of the ink is lowered, the tendency for clogging and bronzing
increases. Stabilization of the pH in the operating range of 7 to 9.5 is
maintained by the addition of pH buffers. This may include one or more
buffers (mixed  buffer system) at a concentration from 0.1 to 5 wt%. The
buffers will have pKa's 10 ranging from 6.5 to 10. Buffers such as TES
(N-tris[hydroxymethyl]methyl-2-aminoethanesulfonic acid). BICINE
(N,N-bis[2-hydroxyethyl]glycine), TEA (triethanolamine), TRIS
(tris[hydroxymethyl]aminomethane, and BORAX (sodium borate decahydrate) may
be used alone or  in combination with each other or with - other buffers.
The hue of a black ink is important with respect to appearance and
acceptance by the viewer. For is  example, a bluish hue tends to be more
acceptable to the viewer than a purplish hue. Biocides may be used in
formulating the inks of the invention.  Examples of suitable biocides
include PROXEL CRL[err]and PROXEL GXL[err] (available from ICI (Great
Britain)), and NUOSEPT CO and NUOSEPT 95[err] (available from Nuodex, Inc.
(Piscataway, NJ), although other biocides may be used as well. Other
additives may be added to the ink to provide further improvement in
specific properties. These 20  additives are in addition to the pH
adjusters and biocides discussed above. Specifically, a phosphate may be
added to the ink to reduce kogation. Kogation is a coined term unique to
thermal ink-jet printing and refers to the build-up of residue (koga) on
the resistor surface from repeated firings. The build-up of residue tends
to degrade pen performance. Both monobasic (err) and dibasic (err)
phosphate are desirably employed. Since the cation 



25 associated with the dyes is preferably ammonium, then the ammonium form
of the phosphate is preferably employed. However, other cations may
alternately be employed. The concentration of the phosphate ranges from
0.005 to 0.5 wt%, and most preferably is about 0.07 wt%. One or more metal
chelating agents is added to the ink. In particular, the use of metal
chelating agents inhibits or prevents the formation of precipitates in the
pen which would inhibit normal operation. 30    It is known from chemical
analysis that the inks prepared with carboxyl dyes contain various metal
ions, including calcium, iron, and magnesium. Precipitates formed in the
nozzle could result in misdirected ink drops or a nozzle which is
completely plugged. Precipitates on or near the resistor could also result
in lower than normal drop size, which would result in light print or
prevent a resistor from ejecting a drop at all. Complexing agents which
have a chelate effect (multiple metal binding sites in a single molecule)
are 35  the most desireable additives for preventing metal ion
precipitates. Such additives will form complexes with metal ions and thus
render them more soluble in the ink, thereby inhibiting the formation of
precipitates. Examples of chelating agents that may be used are
ethylenediaminetetraacetic acid (EDTA), malonic acid, and salicylic acid.
EDTA is well-known for its ability to complex with metal ions, especially
calcium. The concentration of the metal complexing agent ranges from 0.01
to 0.5 wt% of the Ink. Preferably, the 40  concentration of EDTA is about
0.1 wt%. An example of an ink having a combination of the desireable
properties disclosed herein is given by: 1.1 wt% Dye I 1.1 wt% Dye 11 7.5
wt% 2-pyrrolidone 0.4 wt% buffer (0.2 wt% TRIS and 0.2 wt% BORAX) 45
0.07 wt% phosphate anion 0.1 wt% EDTA 0.3 wt% PROXEL GXL[err] the balance
water. This ink has a pH of about 8.5, a viscosity of about 1.3 mPas (cp),
a surface tension of about 50 dyne/cm, a 50 conductivity of about 8 mS/cm,
and an absorbance maximum at 575 nm. The preparation of the dyes to be used
in the claimed inks is illustrated in the above-referenced EP-A- 0415581.
The formulation of inks and their resulting properties is now presented by
the following examples in which all parts and percentages are by weight
unless otherwise indicated. 55    EP 0 463 737 B1 EXAMPLES Example 1: 5
Inks were formulated using the following dyes: Dye I:    W and X are COOH,
Y and R are H, Z is [err] Dye II:   W and X are COOH 10           Y, Z, and
R are H; Dye III:   W and X are COOH, Y is [err] Z and R are H. In one ink
using a mixture of dyes, 1.1 wt% of Dye I and 1.1 wt% of Dye II were
dissolved in aqueous 15  solutions containing diethylene glycol (DEG) or
2-pyrrolidone (2P), 0.2 to 0.4 wt% BORAX and/or TRIS 



buffers, up to about 0.3 wt% biocide, and up to about 0.07 wt% phosphate
anion (provided by ammonium dibasic phosphate). In this Example, the
amounts of the two dyes were chosen to provide substantially equal
absorbances. In another ink using a mixture of dyes, 1.1 wt% of Dye I and
1.1 wt% of Dye III were dissolved in 20  aqueous solutions containing DEG,
BORAX 0.2 wt% and TRIS 0.2 wt% buffers, and 0.07 wt% phosphate anion. Inks
having only one of the two dyes present were also prepared for purposes of
comparison. In most cases, single dye or dye mixture, the ammonium form of
the dye was employed; in one case, a 50:50 mixture of ammonium and methyl
amine (MA) counterions was employed. 25     The inks were tested for
various properties as described below. A. Reduction of Nozzle Clogging.
Mixing of Dyes I and 11 greatly alleviates clogging as noted in Table I
below, compared to either Dye I 30 or Dye II alone. Table I. Results of
Nozzle Clogging Tests. 35 % Of Missing Nozzles Dye(s)           7 days Dye
I         NH,           10%  DEG               >10%                      --
40     Dye  I         NH             10%  2P               >90%
>100% Dye  I         NH,'/MA         10%  2P                      4%
[err]4% Dye  II        NH            10%  2P                  4-10%
>10% 45     Dye  I+II   NH            10%  2P                   0%
0% Dye  I+II      [err]              7.5%  2P                0%
2% Dye  I         NH               5.5%  DEG                     12%  (9
days) Dye  I+III  NH[err]              5.5%  DEG                      0%
(14  days) so Notes:  (1) A  50:50  mixture  of counter-ions. (2) A 50:50
mixture of dyes in terms of absorbances. 55 6    EP 0 463 737 B1 Clogging
tests were done on mixtures with varying ratios of Dye I and Dye II. These
inks also included 0.1 wt% EDTA (the effects of EDTA are discussed in
Examples 2-5). The results are listed in Table II below. Table II.
Results of Nozzle Clogginq Tests for Various Mixtures of Dyes. 10
% of Missing Nozzles Dye I: II[err]                       Vehicle
3 weeks 30:70               NH           7.5%  2P            <0.1% 40:60
NH            7.5%  2P            <0.1% 50:50               NH
7.5%  2P            <0.1% 60:40               NH            7.5%  2P
<0.1% 70:30               NH            7.5%  2P            <0.1% 20 



Notes:  (1) Wt % in terms of absorbances. 25 By varying the ratio of the
two dyes, good resistance to nozzle clogging can also be achieved, as was
shown in Table I for a 50:50 mixture. 30 B. Reduction of Pen Bearding.
Mixing of Dyes I and 11 greatly reduces pen bearding as noted in Table III
below, compared to either Dye I or Dye II alone. 36
[err] Table III. Results of Pen Bearding Tests. Height of Beard 40     Dye
3 days        7 days Dye I        NH           10% DEG            <0.25
-- Dye I        NH          10% 2P                  None[err]
None[err] Dye I        NH/MA[err]      10% 2P               5 mm Dye II
NH[err]              10% 2P                5  mm Dye I+II   NH[err]
10%  2P              1 mm          [err]1 mm Dye I+II   NH[err]
7.5%  2P             0.25 mm    <0.5 mm 50 Notes:  (1) None because of
nozzle clogging. 55              (2) A 50:50 mixture of counter-ions. (3) A
50:50 mixture of dyes in terms of absorbances. 7    EP 0 463 737 B1 C.
Reduction of Ink Bronzing. Quantification of bronzing may be done by
measuring the optical densities of a blackout pattern on paper and the
L*a*b* coordinates. L* is a function of darkness of a sample; a* refers to
the amount of red- 5  green component; and b* refers to the amount of
blue-yellow component Typically, a sample which shows a significant amount
of bronzing has a larger a* component; however, correlation between a* and
bronzing is not perfect. Optical density (O.D.) usually diminishes with
bronzing, and can be used as a semi-quantitative measure. Values of L*a*b*
and O.D. for various separate dye formulations and mixtures are listed
below  in Table 10 IV. All samples were printed on Gilbert Bond paper using
a DeskJet printer. Mixing of Dyes I and 11 reduces bronzing as noted in
Table IV below, compared to either Dye 1 or Dye II alone. 15 Table IV.
Results of Bronzing Measurements L*a*b* 20     Dye(s)         Ion
O.D.                  L*     a*    b* Dye I          NH[err]
10% DEG   1.28                 29.79  3.52  -1.89 Dye I          [err]
10% 2P    1.31                 27.22  1.80  -4.97 Dye I     [err]
10% 2P    1.31                    27.36  1.43  -5.33 Dye II    [err]
10% 2P    1.32                 27.68  2.29  -6.62 Dye II    [err]
7.5% 2P  1.29                    ND    ND             ND Dye I+II  NH[err]
10% 2P    1.34                 26.35  1.32  -6.17 



30 Dye I+11       NH[err]                 7.5% 2P  1.32
26.49  1.12  -6.84 35     Dye  I          NH [err]             5.5%  DEG
1.34                   ND       ND         ND Dye I+III      NH[err]
5.5% DEG 1.30                    ND    ND             ND 30:70
NH[err]             7.5% 2P  1.34                    ND    ND            ND
40      15:85           [err]            7.5%  2P    1.32
ND       ND         ND Notes: (1) A 50:50 mixture of counter-ions. (2) A
50:50 mixture of dyes in terms of absorbances. 45 ND = Not determined. (3)
Ratio of Dye I to Dye II. 50 Bronzing tests were also done on various
mixtures of Dyes I and II. Increasing the amount of Dye I from 0 to 15 and
30% in the mixture increases the optical density from 1.29 to 1.34 as noted
in Table IV above. 56 D. Greater pH Flexibility. Ink formulations with Dye
I have a smaller operating pH range than similar Dye II formulations.
Mixing of Dye I with Dye 11 was observed to extend the effective operating
pH range of Dye I. For example, a Dye I/II 8    EP 0 463 737 B1 ratio of
4:1 at pH 7.5 resulted in irreversible nozzle clogging; a 1:1 ratio showed
no clogged nozzles after two weeks at this pH. Optical density of a 1:1
ratio of Dye I/II gave a value of 1.30 O.D. at pH 7.5; for Dye I alone, a
value of 1.27 O.D. was obtained. Therefore, an operating range of pH 7.5 to
9 can be specified with greater confidence to a mixed dye ink, than Dye I
alone. 5 E. Control of the Hue Characteristics of Ink. Dye I is bluish in
hue and is preferred over that of Dye II which has a purplish hue. A blue
hue ink would have a small positive a coordinate with respect to a large
negative b* component Conversely, a 10  purplish hue would have a
correspondingly higher a* coordinate. As can be seen from Tables IV (above)
and V(below), a mixture of Dye I and Dye II produces an ink with a more
bluish hue; a* is less than in Dye 11 alone. Table V.  Hue Characteristics
of Ink  by Mixing Dyes L*a*b* Dye I:II[err]Ion              Vehicle    O.D.
L*         a*    b* 20 60:40         NH[err]            7.5%  2P   1.34
26.29   0.92   -6.45 50:50         NH[err]             7.5%  2P   1.36
25.78   1.00   -6 . 28 45:55         NH[err]             7.5%  2P   1.34
25.90   1.03   -6.46 25     40:60         NH[err]             7.5%  2P
1.35            26.62   1.25   -6.30 Notes:  (1) Wt % in terms of
absorbances. 30 As can be seen in Table V, an increase in the amount of Dye
I results in more bluish character, while a decrease in Dye I produces more
purplish hue. 35     From the foregoing results, it is apparent that a
mixture of Dye I and Dye II in terms of the properties mentioned above
gives better overall performance than either Dye I or Dye II alone. 



In the following examples, EDTA was used as the disodium salt. All inks had
the following formulation: a 50:50 mixture of two carboxyl-containing dyes
with ammonium ion as the cation, 7.5% 2-pyrrolidone, 0.1 wt% of ammonium
phosphate (dibasic) to provide a phosphate concentration of 0.07 wt%, 0.3
wt% 40  PROXEL GXL biocide, and the balance water. The two dyes, referring
to the formula above, were Dye I:   W and X are COOH Y and R are H Z is
[err] Dye II:   W and X are COOH 45             Y, Z, and R are H. The pH
of the ink was about 8.5. Two different buffering systems were used: Ink A
(0.2 wt% sodium borate decahydrate buffer) and Ink B (0.2 wt% sodium borate
decahydrate and 0.2 wt% tris[hydroxymethyl]- aminomethane buffers). 50
Example 2: EDTA was added to Ink A to a concentration of 0.1% (Ink A +
EDTA). Pens were filled with both inks (Ink A alone and Ink A + EDTA) and
left uncapped at ambient conditions for seven days. At the end of this
period, the pens were printed with a DeskJet printer. Pens with Ink A alone
did not print properly (most 55 nozzles were clogged), whereas pens
containing Ink A + EDTA did print properly.    EP 0 463 737 B1 Example 3:
The experiment described in Example 1 was repeated with lower
concentrations of EDTA, 0.01% and 0.04%. After being left uncapped for
seven days, the pens containing ink with EDTA added printed 5  properly;
however, the pens filled with ink that did not contain EDTA did not print
(i.e., most of the nozzles were plugged). -  Analysis of Ink A used in the
above Examples showed the presence of calcium, iron, and magnesium
(combined concentration of approximately 10 mg/L), all of which are
considered significant impurities at this level. Autopsy of some of these
pens revealed deposits in the interior of the pen, specifically, in the
inlet 10  channel to the resistor (the "fang area"). Analysis of the
deposits by Auger Electron Spectroscopy showed that deposits in Ink A pens
contained calcium and iron. However, Ink A + EDTA pens did not have
detectable amounts of calcium and had lower concentrations of iron than Ink
A deposits. Further experiments were conducted comparing the performance of
Ink B and Ink B + EDTA. Pens were left uncapped for extended periods of
time (to allow ample time for deposit formation), with various 15 printing
intervals early in this time period and no printing before pen autopsy. The
printing cycles and environmental conditions were the same for inks with
and without EDTA. The combined concentration of calcium, iron, and
magnesium was less than 3 mg/L for Ink B. Example 4: 20 The total elapsed
uncapped time was 17 weeks at ambient conditions without printing the last
12 weeks. Pens containing ink B were found to have heavy deposits in the
fang area and some deposits uniformly over the resistors. However, pens
containing Ink B + 0.1% EDTA evidenced relatively smaller residues in the
fang area and only traces on the resistors. 25 Example 5: The total elapsed
time in this Example was 15 weeks at ambient conditions with no printing at
the end before autopsy. Again, the Ink B pens had heavier deposits in the
fang and resistor areas compared to ink 



30  B + 0.1% EDTA pens. Analysis by Auger Electron Spectroscopy confirmed
that the deposits were thicker for the Ink B pens. From the foregoing, it
is evident that the addition of EDTA is beneficial to the performance of
inks made with a mixture of two dyes which have carboxyl groups. This has
been demonstrated both by differences in printing (EDTA-containing inks
survive longer uncapped periods) as well as less precipitation in the
firing 35 chambers. INDUSTRIAL APPLICABILITY The inks of this invention can
be used to print a wide range of papers, especially uncoated papers, 40
using an ink-jet printer. Claims 1. Use of an ink comprising, by wt%: 45
a) from 0.5% to 20% of a mixture of at least two different dyes, each of
which, in the free acid state, independently corresponds to the formula 50
55 9 10    EP 0 463 737 B1 * C   L  M   S * Example 3: The experiment
described in Example 1 was repeated with lower concentrations of EDTA,
0.01% and 0.04%. After being left uncapped for seven days, the pens
containing ink with EDTA added printed 5  properly; however, the pens
filled with ink that did not contain EDTA did not print (i.e., most of the
nozzles were plugged). Analysis of Ink A used in the above Examples showed
the presence of calcium, iron, and magnesium (combined concentration of
approximately 10 mg/L), all of which are considered significant impurities
at this level. Autopsy of some of these, pens revealed deposits in the
interior of the pen, specifically, in the inlet 10  channel to the resistor
(the "fang area'). Analysis of the deposits by Auger Electron Spectroscopy
showed that deposits in Ink A pens contained calcium and iron. However, Ink
A + EDTA pens did not have detectable amounts of calcium and had lower
concentrations of iron than Ink A deposits. Further experiments were
conducted comparing the performance of Ink B and Ink B + EDTA. Pens were
left uncapped for extended periods of time (to allow ample time for deposit
formation), with various 15  printing intervals early in this time period
and no printing before pen autopsy. The printing cycles and environmental
conditions were the same for inks with and without EDTA. The combined
concentration of calcium, iron, and magnesium was less than 3 mg/L for Ink
B. Example 4: 20 The total elapsed uncapped time was 17 weeks at ambient
conditions without printing the last 12 weeks. Pens containing ink B were
found to have heavy deposits in the fang area and some deposits uniformly
over the resistors. However, pens containing Ink B + 0.1% EDTA evidenced
relatively smaller residues in the fang area and only traces on the
resistors. 25 Example 5: The total elapsed time in this Example was 15
weeks at ambient conditions with no printing at the end 



before autopsy: Again, the Ink B pens had heavier deposits in the fang and
resistor areas compared to ink 30 B + 0.1% EDTA pens. Analysis by Auger
Electron Spectroscopy confirmed that the deposits were thicker for the Ink
B pens. From the foregoing, it is evident that the addition of EDTA is
beneficial to the performance of inks made with a mixture of two dyes which
have carboxyl groups. This has been demonstrated both by differences in
printing (EDTA-containing inks survive longer uncapped periods) as well as
less precipitation in the firing 35 chambers. INDUSTRIAL APPLICABILITY The
inks of this invention can be used to print a wide range of papers,
especially uncoated papers, 40 using an ink-jet printer. Claims 1. Use of
an ink comprising, by wt%: 45       a) from 0.5% to 20% of a mixture of at
least two different dyes, each of which, in the free acid state,
independently corresponds to the formula 50 55 10    [err] 15       wherein
W    is COOH, X    is H or COOH, Y    is H, COOH, or [err] Z    is H, COOH,
or [err] and 20          R    is H, [err] provided that there are at least
two COOH groups and that the number of COOH groups is equal to or greater
than the number of  groups, b) up to 30% of a water-soluble organic solvent
for said dye, and c) water 25    in a thermal ink-jet printer to reduce
nozzle clogging of the printer. 2. Use according to claim 1 wherein each
dye comprises at least 10% by weight of the said mixture. 3. Use according
to claim 1 or 2 wherein the two different dyes are present in a ratio of
from 15:85 to 30     70:30 by weight. 4. Use according to claim 3 wherein
said two different dyes are present in a ratio of 50:50 by weight, 5. Use
according to any of claims 1 to 4 wherein: 35       (a) in the first dye, W
and X are COOH, Y and R are H, and Z is [err] and (b) in the second dye, W
and X are COOH, and either Y, Z and R are H or Y is [err] and Z and R are
H. 6. Use according to any of claims 1 to 5 wherein the dyes are present in
the form of their alkali metal 40     salts or ammonium or substituted
ammonium salts. 7. Use according to claim 6 wherein the alkali metal is Na,
K or Li, and the ammonium or substituted ammonium is [err] 45  8  Use
according to any of claims 1 to 7 wherein the ink has a pH of from 7 to
9.5. 9. Use according to claim 8 wherein the ink comprises a buffer to
maintain said pH at 7 to 9.5. 10. Use according to any of claims 1 to 9
wherein the ink comprises 



so       (a) from 1 to 10% by weight of said mixture, and (b) from 2 to 30%
by weight of said water-soluble organic solvent. 11. Use according to any
of claims 1 to 10 wherein the water-soluble organic solvent is an alkanol
having from 1 to 4 carbon atoms, an amide, a ketone, a ketone alcohol, an
ether, a nitrogen containing 55     heterocyclic ketone, a polyalkylene
glycol, an alkylene glycol, an alkylene thioglycol, thiodiglycol, hexylene
glycol, diethylene glycol, a polyol, and a lower alkyl ether of a
polyhydric alcohol. 12. Use according to claim 11 wherein the organic
solvent is diethylene glycol or 2-pyrrolidone.    [err] EP 0 463 737 B1
* C    L   M   S   * 13 Use according to any of claims 1 to 12, the ink
additionally containing from 0.005 to 0.5% by weight of a monobasic or
dibasic phosphate, and from 0.01 to 0.5% by weight of a metal chelating
agent. 14. Use according to claim 13 wherein the metal chelating agent is
ethylenediaminetetraacetic acid, 5      present in an amount of about 0.1%
by weight. 15.  Use according to claim 14 wherein the ink consists
essentially of: (a) about 1.1 wt% each of a first dye in which W and X are
COOH, Y and R are H, and Z is [err] and a second dye in which W and X are
COOH, and Y, Z and R are H; 10       (b) 7.5 wt% of 2-pyrrolidone; (c) 0.2
wt% of sodium borate decahydrate and 0.2 wt% of
tris[hydroxymethyl]aminomethane; (d) 0.07 wt% of phosphate anion; (e) 0.1
wt% of ethylenediaminetetraacetic acid; (f) 0.3 wt% of a biocide; and 16
(g) the balance water. PatentansprUche 1. Verwendung einer Tinte, die
foigende Merkmale aufweist, in % Masseanteil: 20.       a) von 0,5%  bis
20%  eines Gemisches von zumindest zwel unterschiedllchen Farbstoffen, von
denen jeder in Sgureform unabhangig folgender Formel entspricht: 25 st ~ ~
~    ~    ~     a 301- YC          Z 36 wobel gilt: W    ist COOH, X    ist
H oder COOH, 40          Y    ist H. COOH oder SO3 H. J.>             Z
ist H COOH odor SO3H, und R    ist H. CH2COOH oder CH2CH2COOH;
vorausgesetzt es existieren zumindest zwei COOH-Gruppen und die Anzahl der
COOH-Gruppen ist gr6l3er oder gleich der Anzahl der SO3 H-Gruppen, 46
b) bis zu 30% eines wasserl6slichen organischen Losungsmittels fOr den
Farbstoff, und c) Wasser in einem thermischen Tintenstrahidrucker, um die
DUsenverstopfung des Druckers zu reduzieren. 2. Verwendung gemaB Anspruch
1, bei der jeder Farbstoff zumindest 10% Masseanteil des Gemisches 50
umfalt. 



& Verwendung gemaB Anspruch 1 oder 2, bei der die zwei unterschiedlichen
Farbstoffe in elnem gewichtsmBigen Verh~ltnis von 15:85 bis 70:30
vorliegen. S5  4. Verwendung gemaB Anspruch 3, bei der die zwei
unterschiedlichen Farbstoffe in elnem gewichtsmaBi- gen Verhiltnis von
50:50 vorliegen. 5. Verwendung gemaB einem beliebigen der AnsprUche 1 bis
4, bei der gilt: 12    EP 0 463 737 Bi        IDllIlic II    l il IIil Dl!
a) W und X sind COOH, Y und R sind H, und Z ist S0sH in dem ersten
Farbstoff, und b) W und X sind COOH und entweder Y. Z und R sind H oder Y
ist SO0IH und Z und R sind H in dem zweiten Farbstoff. 5  6. Verwendung
gemaB einem beliebigen der AnsprUche 1 bis 5, bei der die Farbstoffe in der
Form ihrer Alkali-Metall-Salze oder Ammonium oder substituierten
Ammonium-Salzen vorliegen. 7. Verwendung gemaB Anspruch 6, be! der das
Alkalimetall Na, K oder U ist, und bei der das Ammonium oder das
substituierte Ammonium NH4, (CH3)4N, (CHa)3NH, (CHS)2NH2 oder CHaNHa ist.
10 8. Verwendung gemfB einem beliebigen der Anspriche 1 bis 7, bei der die
Tinte einen pH-Wert von 7 bis 9,5 aufweist. 9. Verwendung gemaB Anspruch 8,
bei der die Tinte eonen Puffer aufweist, um den pH-Wert bet 7 bis 9,5 i5
beizubehalten. 10. Verwendung gemS einem beliebigen der Ansprtche. 1 bis 9,
bei der die Tinte folgende Merkmale aufweist: a) einen Masseanteil von 1
bis 10% des Gemisches, und 20        b) einen Masseanteil von 2 bis 30% des
wasserloslichen organischen L6sungsmittels. 11. Verwendung gemaB einem
beliebigen der Ansprlche 1 bis 10, bei der das wasserldsliche organische
L6sungsmittel ein Alkanol mit von 1 bis 4 Kohlenstoffatomen, ein Amid, ein
Keton, ein Ketonalkohol, ein Ether, ein Stickstoff, der heterozyklisches
Keton enthalt, ein Polyalkylen-Glykol, ein Alkylen-Glykol, eln 25
Alkylen-Thioglykol, Thiodiglykol, Hexylen-Glykol, Diethylen-Glykol, ein
Polyol und ein niederes Alkyl- Ether eines polyhydrischen Alkohols ist. 12.
Verwendung gemAO Anspruch 11, bei der das organische L6sungsmittel
Diethylenglykol oder 2- Pyrrolidon ist. 30 13. Verwendung gemrB einem
beliebigen der Ansprlche 1 bis 12, be! der die Tinte zusktzlich einen
Masseanteil von 0,005 bis 0,5% von einbasigem oder zweibasigem Phosphat und
einen Masseanteil von 0,01 bis 0,5% eines metallischen chelatbildenden
Agens enthSlt. 35  14. Verwendung gemdB Anspruch 13, be! der das
metallische chelatbildende Agens Ethylen-Diamin- Tetraessigsaure ist, die
in einer Menge von etwa 0,1% Masseanteil vorliegt. 15. Verwendung gem9B
Anspruch 14, bet der die Tinte aus folgender. Zusammensetzung besteht: a)
etwa 1,1% Masseanteil von sowohl einem ersten Farbstoff, in dem W und X
COOH sind, Y und R 40        H sind und Z SO3 H ist, als auch einem zweiten
Farbstoff, in dem W und X COOH sind und Y, Z und R H sind; b) 7,5%
Masseanteil von 2-Pyrrolidon; c) 0,2%   Masseanteil von
Natriumtetraborat-Zehnhydrat und  0,2%  Masseanteil von Tris-
(Hydroxymethyl]Aminomethan; 45        d) 0,07% Masseanteil eines
Phosphat-Anions; 



e) 0,1% Masseanteil von Ethylen-Diamin-Tetraessigsaure; f) 0,3% Masseanteil
eines Biozids; und g) als Rest Wasser. 5o Revendications 1. Utilisation
d'une encre comprenant, en pourcentage en poids: a) de 0,5% A 20% d'un
melange d'au moins deux colorants diffdrents qui correspondent ind~pen-
damment chacun, a l'etat d'acide libre, l la formule 55 13
70~~~~~~~~~~~E                                . 4-; 73 B         il I;: I
xHO T0 y W    est COOH, X    est H ou COOH, Y    est H. COOH, ou SOaH, Z
est H, COOH. ou SO3 H, et' 20          R    est H, CH2COOH, ou CH2CH2COOH;
pourvu qu'il existe au moins deux groupes COOH et quo le nombre COOH solt
egal ou sup6rieur au nombre de groupes SO3 H, b) jusquh 30% d'un solvant
organique soluble dans l'eau pour ledit colorant, et c) de lPeau 25
dans une imprimante thermique A jets d'encre pour reduire le bouchage des
buses de l'impriman- te. 2. Utilisation selon la revendication 1, dans
laquelle chaque colorant constitue au moins 10% en poids dudit m6lange. 30
3, Utilsatlon selon la revendication 1 ou 2, dans loquel les deux colorants
dlfferents sont presents salon un rapport compris ontre 15:85 et 70:30 on
poids. 4. Utilisation selon la revendication 3, dans laquelle lesdits deux
colorants diff6rents sont pr~sents selon 35     un rapport de 50:50 en
poids. 5. Utilisation solon l'une quelconque des revendications 1 a 4, dans
laquelle: (a) dans le premier colorant, W et X sont COOH, Y et R sont H et
Z est SOSH, et (b) dans le deuxieme colorant, W et X sont COOH, et soit Y,
soit Z et R sont H, solt Y est SO3H et Z 40       etRsontH. 6. Utilisation
solon l'une quelconque des revendications 1 A 5, dans laquelle les
colorants sont presents sous la forme de leur sels de m6taux alcalins ou de
leurs sels d'ammonium ou d'ammonium substitu6s. 45 7. Utilisation solon la
revendication 6, dans laquelle le metal alcalin est NA, K ou Li, et
l'ammonium ou l'ammonium substitu6 est NH4, (CH3)4N, (CHg)3NH, (CHs)2NH2 ou
CH3NH3. 8 Utilisation solon l'une quelconque des revendications 1 A 7, dans
laquelle le pH de Plencre est compris 50     entre 7 et 9,5. 9. Utilisation
solon la revendication 8, dans laquelle l'encre comprend un tampon pour
maintenir ledit pH a 



une valeur comprise entre 7 et 9,5. 55 10. Utilisation solon l'une
quelconque des revendications 1 a 9, dans laquelle l'encre comprend: (a) de
1 a 10% en poids dudit melange, et (b) de 2 a 30% en poids dudit solvant
organique soluble dans l'eau. 14    EP 0 463 737 B1         *      c    ,
S 11. Utlisation selon l'une quelconque des revendications 1 & 10, dans
laquelle le solvant organique soluble dans l'eau est un alkanol a 1 A 4
atomes de carbone, un amide, une c~tone, une ctone alcool, un 6ther, une
c6tone heterocyclique contenant de l'azote, un polyalkylbne glycol, un
alkylene glycol, un alkylbne thioglycol, le thiodiglycol, I'hexylene
glycol, le didthylbne glycol, un polyol. et un alkyl ether s     infdrieur
d'un alcool polyhydrique. 12. 01tilisation selon la revendication 11, dans
lequel le solvant organiquet est le difthyltne glycol ou la 2- pyrrolidone.
io  I3 Utilisation selon l'ure quelconqua des revendications 1   12,
I'encre contenant en outre de 0,005 a 0,5% en poids d'un phosphate
monobasique ou dibasique, et de 0,01 & 0,5% en poids d'un agent ch6latant
des m~taux. 14. Utilisation selon la revendication 13, dans laquelle
l'agent chelatant des metaux est lacide ethylenedia- 15
minetetraacetique, pr6sent selon une proportion d'environ 0,1% en poids.
15. Utilisation selon la revendication 14, dans laquelle l'encre est
essentiellement constituee par: (a) environ 1,1% en poids chacun d'un
premier colorant dans lequel W et X sont COOH, Y et R sont H, et Z est
SOsH, et un deuxieme colorant dans lequel W et X sont COOH, et Y. Z et R
sont H; 20       (b) 7,5% en poids de 2-pyrrolidone; (c) 0,2% en poids de
decahydrate de borate de sodium et 0,2% en poids de tris(hydroxymethyl]
amrinomrnthane; (d) 0,07% en poids d'anion phosphate; (e) 0,1% en poids
d'acide 6thylbnediaminet6traac6tique; 25       (f) 0,3% en poids d'un
biocide; at (g) de P'eau pour le solde. 30 35 40 45 50 55    


