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Description

[0001] An ink set for improved color reproduction is disclosed herein, and in particular, the ink set comprises dark and
light inks of the same color that are useful for inkjet printing.

[0002] Printing systems and methods typically employ three or four color ink sets of cyan, magenta, yellow and optional
black inks that together must be able to reproduce accurately many of the visible colors. In ink jet printing, the inks are
applied dropwise to a substrate, in a pixel-by-pixel manner, with the number of printed dots corresponding to the density
required for a particular imaged area. Thus, an ink jet printer that employs a three or four color ink set prints relatively
few dots in low density areas, as compared to high density areas. Image quality is often compromised because in very
low density areas, sparsely printed dots of color from three or four color ink sets are noticeable on a white substrate. In
addition, highlight areas often lack detail because not enough dots are printed.

[0003] In order to improve image quality, ink jet printers may utilize additional "light" inks together with the inks of three
or four color ink sets. For example, the most common ink set having light inks is the six color ink set which has light
cyan, light magenta, cyan, magenta, yellow, and black inks. Typically, the light inks are the same as the regular inks,
sometimes referred to as "dark" inks, except that the light inks have less of the same colorant. More dots in low density
areas may be printed with the light inks as compared to the dark inks of regular strength in order to achieve the same
density. As a result of printing more dots of lower contrast, image quality is greatly improved.

[0004] EP 1 172 422 A2 discloses a set of ink jet inks for ink jet printing comprising a light magenta ink having high
light fastness magenta dye.

[0005] Theinks ofa light/dark pair often comprise the same colorant in differentamounts. Sometimes different colorants
are used in order to optimize performance properties depending on the particular application. For example, the colorants
used in a light/dark pair for photo-quality ink jet printing may be optimized to obtain the best compromise of color accuracy
and lightfastness. However, these colorant combinations may not be suitable for printing graphics in which light pinks
and deep reds are critical. A magenta ink that is optimized to yield a light pink in a low density area will have too much
of a yellow tint to give a deep red. Conversely, a magenta ink optimized to yield a deep red in a high density area will
appear too blue or too dull to make a light bright pink.

[0006] The ink set of the present invention is defined by claim 1.

[0007] The ink set disclosed herein is useful for accurate color reproduction, especially for reproduction of deep reds
and light bright pinks. Also disclosed is an ink jet printing method that employs the ink set.

BRIEF DESCRIPTION OF DRAWINGS
[0008]

Fig. 1 shows a plot of a* versus b*, at L* = 45, for various light/dark ink sets.
Fig. 2 shows a plot of a* versus b*, at L* = 70, for various light/dark ink sets.

[0009] The CIE L*a*b* color space, developed by the Commission Internationale de I'Eclairage in 1976, is a widely
used method for measuring and ordering color and is used to describe the disclosed ink set. CIELAB color space is a
three-dimensional space in which a color is defined as a location in the space using the terms L*, a*, and b*, L* is a
measure of the lightness of a color and ranges from zero (black) to 100 (white) and may be visualized as the z-axis of
a typical three-dimensional plot having x-, y- and z-axes. The terms a* and b* define the hue and chroma of a color and
may be visualized as the x- and y-axes, respectively. The term a* ranges from a negative number (green) to a positive
number (red), and the term b* ranges from a negative number (blue) to a positive number (yellow). A color is defined
on the x-y plane in terms of its hue angle, h°, and chroma, C*, according to:

h° = tan"'(b*/a*)

C*= (asﬂ + b*z)m

[0010] The range of the hue angle, h°, is not uniquely defined and can span any 360 degree range. Commonly this
range is chosen to go from 0° to 360°. However, for magenta inks, it is more convenient to use a range of -180° to +180°
in order to avoid the discontinuity in hue angle around 0°.

[0011] The terms L*, a*, and b* can be used to calculate a volume of color space that a specific set of colorants is
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capable of producing. This volume is also referred to as color gamut or gamut volume, G, which is calculated by measuring
L*, a*, and b* for several hundred printed patches of different color combinations of the inks in the ink set. For example,
gamut volumes may be calculated from these measurements using Gamut Works by Monaco. In general, the larger the
gamut volume, the more colors a colorant set is capable of producing which results in greater color accuracy. By
substituting one colorant for another, one can easily compare how each increases or decreases the gamut volume for
a given ink set. For a complete description of color measurement, see "Measuring Color", 2nd Edition by R. W. G. Hunt,
published by Ellis Horwood Ltd., 1991.

[0012] As used herein, the term "colorant" refers to a single colorant species or a mixture of colorant species at some
specific ratio. For example, a colorant can be Pigment Red 122, or a mixture of Pigment Red 122 and Pigment Violet
19 at some specific ratio. As another example, a colorant that is a 2:1 mixture of Pigment Red 122 and Pigment Violet
19 is not the same colorant as a colorant that is a 5:1 mixture of Pigment Red 122 and Pigment Violet 19. In contrast,
a colorant is the same colorant if it is the same colorant species or the same mixture of colorant species at the same
ratio, even if it is present in different ink compositions at different amounts. For example, a dark ink and a light ink have
the same colorant if the dark ink has 5 weight % of a 3:2 mixture of Pigment Blue 15:3 and Pigment Blue 15:1, and the
light ink has 2 weight % of a 3:2 mixture of Pigment Blue 15:3 and Pigment Blue 15:1.

[0013] Thedisclosed ink set comprises a first ink composition comprising a first colorant, and a second ink composition
comprising a second colorant, wherein the first colorant is different from the second colorant; and wherein each ink
composition, when printed at 100% fill on the same substrate, produces a color having a hue angle, h°, and a lightness
relative to that of the substrate, AL*,, according to:

h®, = tan” (b*y/a*s)

AL*p = L¥*gupstrate — L*s

wherein n=1 or 2 for the first and second ink compositions, respectively; h°; and h®, differ from each other by no more
than 5°; and AL*4, > AL*,, Disclosed ink sets provide larger gamut volumes relative to ink sets having a dark and light
ink that contain the same colorant. As a result, improved reproduction of light bright pinks and deep reds is possible.
[0014] The first and second ink compositions are magenta inks, wherein h°; and h°, are from -20° to 10°. This hue
angle range is generally desirable for magenta inks in order to maximize gamut volume. Furthermore, with such magenta
inks, it is possible for h°,>h°; which is not possible when the dark and light inks have the same colorant. The first and
second colorants are quinacridones because colorants derived from a quinacridone chromophore generally have good
magenta color.

[0015] The disclosed ink set may be used in applications in which color reproduction of light bright pinks and deep
reds are critical. Typically, a magenta ink that is optimized to yield a light pink in a low density area will have too much
of a yellow tint to give a deep red. Conversely, a magenta ink optimized to yield a deep red in a high density area will
appear too blue or too dull to make a light bright pink. Use of the disclosed ink set enables design of a light/dark magenta
ink set wherein light bright pinks and deep reds can be obtained.

[0016] The disclosed ink set may be illustrated by evaluating pink and red reproduction for the dark magenta ink DM-
2691 and the light magenta ink LM-2681, wherein both comprise the same magenta quinacridone colorant as described
in the Procedures detailed below. The two inks were ink jet printed with dark cyan ink DC-2696, light cyan ink LC-2686,
yellow ink Y-2692, and black ink K-2695 as described in the Example section below. Hue angles for printed patches of
the magenta record are shown in Table 1.

[0017] Reproduction of pink may be qualitatively assessed from the hue angle at 10% fill, and red from the hue angle
at 100% fill. For DM-2691 and LM-2681, the hue angle at 10% fill is -18°, and pink appears blueish. The hue angle at
100% fill is about 0° which is an ideal hue angle for magenta; thus, reproduction of deep reds is possible. This is confirmed
by visual inspection of the 100% fill for the red record.

Table 1

DM-2691 according to the

H 0, - - - -
Fill (%) | DM-2691 + LM-2681 | DM-3917 + LM-3918 invention + LM-3918

DM-3917 + LM-2681

10 -17.8 23 1.2 -14.6

20 -17.1 27 0.1 -13.5
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(continued)
Fill (%) | DM-2691 + LM-2681 | DM-3917 + LM-3918 D“?;iii:ioancioiﬂr_‘ggfghe DM-3917 + LM-2681

30 -16.2 3.2 -0.9 -12.3
40 -15.5 35 -1.7 -11.2
50 -14.5 42 -2.6 9.7
60 -13.3 5.0 -3.2 -7.8
70 -11.9 5.9 -3.5 -5.4
80 -9.7 74 -3.7 -2.0
90 -6.2 9.8 -3.0 35

100 0.2 14.6 0.6 14.3

[0018] The dark magenta ink DM-3917 and the light magenta ink LM-3918 were ink jet printed the same as DM-2691

and LM-2681; both DM-3917 and LM-3918 also comprise the same magenta quinacridone colorant as described in the
Example section below, but the magenta colorant is not the same as that of the DM-2691 and LM-2681 ink set. Hue
angle measurements are shown in Table 1. The hue angle at 10% fill is 2°, and an ideal bright pink is observed. The
hue angle at 100% fill is about 15°, and the magenta appears yellowish. This is confirmed by visual inspection of the
100% fill for the red record which appears as an orange/red shade.

[0019] DM- 2691 and LM- 3918 were ink jet printed the same as DM- 2691 and LM- 2681, and the hue angles are
shown in Table 1. The hue angle at 10% fill is 1°, and an ideal bright pink is observed. The hue angle at 100% fill is also
about 1°, and an ideal magenta is observed. This is confirmed by visual inspection of the 100% fill for the red record
which appears as a deep red.

[0020] DM- 3917 and LM- 2681 were ink jet printed the same as DM- 2691 and LM- 2681, and the hue angles are
shown in Table 1. The hue angle at 10% fill is- 15°, and pink appears blueish. The hue angle at 100% fill is about 14°,
and the magenta appears yellowish. This is confirmed by visual inspection of the 100% fill for the red record which
appears as an orange/red shade.

[0021] The color measurements for the light and dark inks at 100% fill are shown in Table 2. The difference in hue
angle, Ah®, is the absolute value of the difference between h°, and h°; measured at 100% fill. For example, from Table
2, if the dark ink is DM-2691 and the light ink is LM-3918, then Ah°® = 0°.

Table 2
Ink L* a* b* C* h°
LM-2681 | 61.9 494 -145 | 51.5 -16.4
DM-2691 | 43.3 68.5 2.1 68.5 1.8
LM-3918 | 68.7 51.8 1.6 51.9 1.8
DM-3917 | 57.7 65.7 16.2 | 67.7 13.9

[0022] The Ah° values for all four dark/light ink combinations are shown in Table 3. The ink set of DM-2691 and LM-
3918 is best able to reproduce light bright pinks and deep reds. This finding is further demonstrated by comparing the
gamut volume, G, for each of the ink sets, as determined according to the description in the Example section. The results
are shown in Table 3.

Table 3
o H o o AL*2/
DarkInk | h®(deg) | LightInk | h°(deg) | Ah° (deg) G ALY
1
2691 1.8 2681 -16.4 18.2 5725’73 63.8
2691* 1.8 3918 1.8 0.0 61{:’41 50.6
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3917

13.9

2681

-16.4

30.2

556,89

88.6
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(continued)
o H o o AL*2/
DarkInk | h°(deg) | LightInk | h°(deg) | Ah° (deg) G AL*
1
3917 13.9 3918 1.8 12.1 592’26 70.3
* according to the invention

[0023] The data in Table 3 show that:

e The largest gamut volume was obtained for the ink set comprising DM-2691 and LM-3918, which is the same ink
set that is able to reproduce light bright pinks and deep reds.

* Thelargest gamut volume was obtained when different magenta colorants were used for the light and dark magenta
inks.

* The largest gamut volume was obtained when the different colorants chosen for the light and dark inks were such
that the hue angle difference between patches printed at 100% fill were the smallest. That is, the DM-2691 and LM-
3918 ink set (Ah° = 0°) yielded a larger gamut volume than the combination of DM-3917 and LM-2681 (Ah° = 30°).

[0024] The invention may be illustrated by comparing color spaces for the various ink sets. Fig. 1 shows a plot of a*
versus b* 10, at L* = 45, which represents a slice of the color space for deep reds. Ink sets DM-2691 + LM-3918 12 and
DM-2691 + LM-2681 14 have larger areas as compared to ink sets DM-3917 + LM-3918 16 and DM-3917 + LM-2681
18. Ink sets 12 and 14 can reproduce deeper reds better than ink sets 16 and 18.

[0025] Fig. 2 shows a plot of a* versus b* 10, at L* = 70, which represents a slice of the color space for light bright
pinks. Ink sets DM-2691 + LM-3918 12 and DM-3917 + LM-3918 16 have larger areas as compared to ink sets DM-
2691 + LM-2681 14 and DM-3917 + LM-2681 18. Ink sets 12 and 16 can reproduce light bright pinks better than ink
sets 14 and 18. Thus, ink set 12 is best able to produce light bright pinks and deep reds.

[0026] AL* is defined as the difference between the measured L* of the substrate and the measured L* of the ink
printed at 100% fill. A typical white substrate has an approximate L* value of 94.7. Using this value for the L* of the
substrate, the values of the ratio of AL*, to AL*4 were calculated and are shown in Table 3. By definition, AL*; is less
than AL*4. In one embodiment, AL*, is less than 80% of AL*; in order to reduce graininess. In another embodiment, AL*,
is from 30 to 70% of AL*4. In yetanother embodiment, AL*, is from 40 to 60% of AL*;. The narrowest range is advantageous
because as AL*2 is changed from being less than 80% of AL*; to within 40 to 60% of AL*4, the graininess of an image
printed with these inks is reduced.

[0027] The first and second ink compositions of the inventive ink set are ink jet ink compositions, and they may be
any type known in the art of ink jet printing. For example, the first and second ink compositions may be radiation-curable
ink compositions that are curable using actinic or thermal radiation. Particularly useful radiation-curable ink compositions
aredescribedin US 2002/0086914 A1. Thefirstand second ink compositions may also be solvent-based ink compositions,
wherein each solvent-based ink composition comprises at least 30 weight % of an organic solvent relative to the total
weight of the ink composition. Examples of useful organic solvents are methyl ethyl ketone and isopropanol. The first
and second ink compositions may be aqueous-based ink compositions, wherein each aqueous-based ink composition
comprises at least 30 weight % of water relative to the total weight of the ink composition.

[0028] The first and second colorants of the inventive ink set may be any type known in the art of ink jet printing. The
first and second colorants may be pigments, dyes, or combinations thereof. For example, the first colorant comprises a
first pigment and a second pigment, wherein the first pigment and the second pigment are at a first weight ratio; the
second colorant comprises the first pigment and the second pigment, wherein the first pigment and the second pigment
are at a second weight ratio; and the first weight ratio differs from the second weight ratio.

[0029] For another example, the first colorant comprises a first dye and a second dye, wherein the first dye and the
second dye are at a first weight ratio; the second colorant comprises the first dye and the second dye, wherein the first
dye and the second dye are at a second weight ratio; and the first weight ratio differs from the second weight ratio.
[0030] For yet another example, the first colorant comprises a pigment and a dye at a first weight ratio; the second
colorant comprises the pigment and the dye at a second weight ratio; and the first weight ratio differs from the second
weight ratio.

[0031] The disclosed ink set may be used in any type of ink jet printer. The ink jet printer may be a desktop or a wide
format printer, and it may be equipped with any type of ink jet printhead such as a piezo, thermal, continuous, or acoustic
printhead, or it may be equipped with any device that can produce a small number of drops, e.g. a single drop or up to
16 drops, per signal. The disclosed ink set provides an ink jet printing method comprising:
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(a) providing an ink set as described above; and
(b) printing the ink set by means of an ink jet printhead.

[0032] The printed image may comprise any suitable substrate known in the art of ink jet printing. Examples of useful
substrates include vinyl, paper, plastics, etc.
[0033] The examples described herein are presented for illustration purposes only.

PROCEDURES

Ink Jet Ink Compositions

[0034] The example employs radiation curable ink compositions as shown in Table 4.

Table 4
Ink Description
DM-2691 3M™ Series 2600 Dark Magenta Ink
LM-2681 3M™ Series 2600 Light Magenta Ink

DM-3917 | VUTEK® Gen lll Dark Magenta Ink P3917-A
LM-3918 | VUTEK® Gen Il Light Magenta Ink P3918-A

DC-2696 3M™ Series 2600 Dark Cyan Ink
LC-2686 3M™ Series 2600 Light Cyan Ink
Y-2692 3M™ Series 2600 Yellow Ink
K-2695 3M™ Series 2600 Black Ink

Ink Jet Printing

[0035] Ink jet printing was carried out using a 3M™ Printer 2500UV for Scotchprint® Graphics, which is a UV -curable,
high-productivity piezo ink jet printing system. The following conditions were employed:

e 3pass

¢ 10 kHz firing frequency

e 20 inches of left and right overtravel
e 12 arrays

e unidirectional from left to right

e  both UV lamps on high power

[0036] The images printed were calibration6color.eps, CMYK_test_file.eps, and PrintopenXT_CMYK:_tif; all of which
are included in 3M™ Scotchprint® GraphicMaker Software. The calibration6color.eps file was ripped using the Graph-
icMaker software and the following settings:

e 423 dpi by 600 dpi resolution
e test chart mode

¢ light ink maximum at 100%

e no profile

e spot size of 4

[0037] The ripped file was then printed onto 3M™ Controltac™ Plus 1J180C-10 vinyl and the status T cyan, magenta,
yellow and black densities of the fill level patches were read using an X-Rite 528 Spectrodensitometer into the Printcal
Editor portion of the GraphicMaker software in order to construction a calibration ramp for the printer. The ripped
calibration6color file was also printed with the light magenta and light cyan inks disabled so that the status T densities
and L*a*b* colors of the dark inks alone at various fill levels could be measured. The hue angles of the printed patches
for the magenta records are shown in Table 1.

[0038] The CYMK_ test_file.eps and PrintopenXT_CMYK:.tif files were then ripped using the above calibration file at
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resolution of 423 by 600 dpi, with the light ink maximum set at 100% and no profile. The ripped files were printed and
the printed PrintopenXT_CMYK file was used to generate an ICC profile for each ink set. The resultant profile was used
to compare the gamut volumes and therefore the colors accessible by each of the ink sets. The gamut volumes were
calculated using Gamut Works by Monaco and can be found in Table 3.
Claims

1. Anink set comprising:

a first ink jet ink composition comprising a first colorant, and a second ink jet ink composition comprising a
second colorant, wherein the first colorant is different from the second colorant:

wherein each ink composition, when printed at 100% fill on the same white substrate having an approximate ligthness,

L* substrate of 94,7 produces a color having a hue angle, h°ny and a lightness relative to that of the substrate, AL*,,
according to:

h°, = tan™' (b*,/a*,)

AL*, = L*substrate = L*n

wherein:
n=1 or 2 for the first and second ink jet ink compositions, respectively;
h°4 and h°, differ from each other by no more than 5°; and
AL*1>AL*2; and
wherein h°; and h°, are from -20° to 10° and wherein the first and second colorants are quinacridones.

2. Theink set according to claim 1, wherein h°,>h°,.

3. The ink set according to claim 1, wherein the first and second ink jet ink compositions are radiation-curable ink
compositions that are curable using actinic or thermal radiation.

4. Theink setaccording to claim 1, wherein the first and second colorants are pigments, dyes, or combinations thereof.

5. Anink jet printing method comprising:
(a) providing an ink set according to any one of claims 1 to 4; and
(b) printing the ink set by means of an ink jet printhead.

Patentanspriiche

1. Tintensatz, umfassend:
eine erste Tintenstrahltintenzusammensetzung, umfassend ein erstes Farbmittel, und eine zweite Tinten-
strahltintenzusammensetzung, umfassend ein zweites Farbmittel, wobei das erste Farbmittel von dem zweiten
Farbmittel verschieden ist,

wobei jede Tintenzusammensetzung beim Druck mit 100% Ausfiillung auf dem gleichen weilRen Substrat mit einer

ungefahren Helligkeit L*g st VON 94,7 eine Farbe mit einem Farbtonwinkel h°, und einer Helligkeit relativ zu
derjenigen des Substrats AL*,, gemaR:
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h°, = tan™ (b*,/a*,)

AL*n = L*Substrat - L*n

worin:
n =1 bzw. 2 fir die erste bzw. zweite Tintenstrahltintenzusammensetzung;
h°4 und h°; sich um nicht mehr als 5° voneinander unterscheiden und
AL*»] > AL*Z und
h°; und h°; sich auf -20° bis 10° belaufen;
ergibt und wobei es sich bei dem ersten Farbmittel und dem zweiten Farbmittel um Chinacridone handelt.
2. Tintensatz nach Anspruch 1, wobei h®, > h°.
3. Tintensatz nach Anspruch 1, wobei es sich bei der ersten Tintenstrahltintenzusammensetzung und der zweiten
Tintenstrahltintenzusammensetzung um strahlungshartbare Tintenstrahltintenzusammensetzungen handelt, die mit

aktinischer oder thermischer Strahlung gehartet werden kdnnen.

4. Tintensatz nach Anspruch 1, wobei es sich bei dem ersten Farbmittel und dem zweiten Farbmittel um Pigmente,
Farbstoffe oder Kombinationen davon handelt.

5. Tintenstrahldruckverfahren, bei dem man
(a) einen Tintensatz nach einem der Anspriiche 1 bis 4 bereitstellt und
(b) den Tintensatz mit Hilfe eines Tintenstrahldruckkopfs aufdruckt.

Revendications

1. Ensemble d’encre comprenant :
une premiere composition d’encre pour jet d’encre comprenant un premier colorant, et une seconde composition
d’encre pour jet d’encre comprenant un second colorant, dans lequel le premier colorant est différent du second
colorant :

dans lequel chaque composition d’encre, lorsqu’imprimée a 100 % de remplissage sur le méme substrat blanc ayant

une clarté approximative , L*gpsirat, de 94,7, produit une couleur avec un angle de teinte, h°,, et une clarté par
rapport a celle du substrat, AL*, selon :

he,=tan(b'y/a",)

* * *

AL n— L substrat ~ L n

dans lesquelles :
n =1 ou 2 pour les premiére et seconde compositions d’encre a jet d’encre, respectivement ;
h°4 et h°, difféerent 'un de l'autre par un maximum de 5 ° ; et

dans laquelle h°; eth°; varient de -20° a 10° et dans laquelle les premier et second colorants sont des quinacridones.
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Ensemble d’encre selon la revendication 1, dans lequel h°, > h°;.
Ensemble d’encre selon la revendication 1, dans lequel les premiére et seconde compositions d’encre a jet d’encre
sont des compositions d’encre séchant sous unrayonnement qui sont séchées en utilisant unrayonnement actinique

ou thermique.

Ensemble d’encre selon la revendication 1, dans lequel les premier et second colorants sont des pigments, des
colorants ou des combinaisons de ceux-ci.

Procédé d’impression a jet d’encre comprenant :

(a) l'utilisation d’'un ensemble d’encre selon 'une quelconque des revendications 1 a 4 ; et
(b) l'impression de I'ensemble d’encre au moyen d’une téte d’'impression a jet d’encre.

10
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