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Paper Substrate With Inkjet-Receptive Coating Comprising Cationic Porous Silica
BACKGROUND

(0001]

[0002] The present application relates to an inkjet recording medium and a coating
composition for forming a glossy inkjet recording medium. More specifically, the inkjet
recording medium disclosed herein is particularly useful for high speed printing such as

high speed inkjet printing.

[0003] Traditionally, commercial printing presses printed catalogs, brochures and direct
mail using offset printing. However, advances in inkjet technology have led to increased
penetration into commercial print shops. Inkjet technology provides a high-quality
alternative to offset printing for improving response rates, reducing cost, and increasing
demand for products. In addition to printing high quality variable images and text, these
printers incorporate a roll-fed paper transport system that enables fast, high-volume
printing. Inkjet technology is now being used to for on-demand production of local

magazines, newspapers, small-lot printing, textbooks, and transactional printing world

wide.

[0004] In accordance with certain aspects of the present invention, a recording medium is
described which provides fast drying times, high gloss and excellent image quality when

printed using high speed inkjet devices used in commercial printing applications.

U.S. Pat. App. Pub. No. 2009/0131570 entitled “Paper and Coating Medium for
Multifunction Printing” (Schliesman, et al.) discloses an inkjet recording medium that is
compatible with offset, inkjet, and laser printing. In accordance with certain aspects, the
formulation for this medium comprises an anionic primary pigment having a particle size
distribution where at least 96% of the particles by weight have a particle size less than 2
microns; at least one cationic, grit free, secondary pigment having an average particle size

of 3 microns or less; up to 17 weight % latex based on the weight of the dry pigments,
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wherein the latex is a hydrophilic styrene/butadiene latex; and a co-binder. While this
formulation works well with many commercial inkjet printers, it performs poorly with

some high speed inkjet printers using pigmented inks.

SUMMARY

[0005] The present application describes an inkjet recording medium and a coating
composition for forming an inkjet recording medium. In accordance with one aspect of the
present invention, an inkjet recording medium is disclosed comprising an inkjet-receptive
coating on a coated paper substrate. The inkjet-receptive coating contains inorganic oxide
particles, a multivalent metal salt and a binder such that the inkjet recording medium
exhibits improved inkjet print properties, particularly when printed with a high speed inkjet
printer using some pigmented inks. In accordance with certain aspects of the present
invention, the multivalent metal salt may be provided as a separate top coat on a layer

containing the binder and inorganic oxide particles.

[0006] In accordance with one aspect of the present invention there is provided an inkjet
recording medium comprising: a coated paper substrate; and an inkjet-receptive coating
applied to at least one side of said coated paper substrate wherein said inkjet-receptive
coating comprises: a multivalent metal sait, a binder, and a cationic porous silica having an
average particle size less than 0.5 microns in diameter and a N2 pore volume of at least

0.70 ml/g and a surface area less than 200 m?/g.

[0007] 'The coating and coated paper of the instant invention are particularly useful with

pigmented inkjet inks.
DETAILED DESCRIPTION

[0008] The coating for producing the inkjet receptive coating typically includes inorganic

oxlde particles and a multivalent metal salt. The inorganic oxide may be a cationic porous
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silica dispersion of a median particle size below about 0.5 microns. Further, the coating

typically includes a binder. In some cases, pigments comprise the largest portion of the
coating composition on a dry weight basis. In other cases, the multivalent metal salt may
constitute the largest portion of the coating composition. Unless otherwise noted, amounts

of component materials are expressed in terms of component parts per 100 parts of total

pigment on a weight basis.

[0009] The inorganic oxide of the coating may be a cationic pigment having a small
particle size where the particles are less than 0.5 microns in diameter. In accordance with
certain embodiments, the inorganic oxide is from about 65 to about 100 parts, more
particularly from about 70 to about 95 parts, of the total pigment by weight in the inkjet-
receptive coating. In accordance with certain embodiments, the inorganic oxide particles
account for substantially all of the pigments in the coating. As used herein, the term
“substantially all” indicates that the inorganic oxide pigments account for at least about

98%, more particularly at least 99% and in certain embodiments at least 99.5% of the

pigments in the coating composition.

0010] Examples of inorganic oxide particles that are useful in producing the inkjet-
receptive coating are described in U.S. Patent No. 7,393,571. The inorganic oxide particles
may be modified to improve the properties of the particles. The inorganic particles can be
modified to create particles exhibiting positive surface charge (zeta potential). The surface
charge may have a zeta potential of at least +20 mV, and in certain cases at least +40mV.

The particles can be modified by additives having a cationic moiety and can be modified,

for example, with alumina, organic cation-containing silanes, and ionic polymers.

[0011] In accordance with certain aspects of the present invention, the inorganic oxide
particles comprise a cationic porous silica dispersion such as SyloJet® C30 or C30F (Grace
Davison). In accordance with certain aspects of the present invention, the inorganic oxide
particles have an average particle size between about 0.2 and 0.4 microns, a pore volume
(N,) of at least 0.70 ml/g and a surface area of less than 200 mz/g. In accordance with
other embodiments, the total pore volume of the particles as measured on a dry basis is in
the range of about 0.5 to about 2.0 ml/g, more particularly from about 0.5 to 1.5 and in

certain embodiments from about 0.7 to 1.2 ml/g.
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[0012] Binders suitable for use in the inkjet-receptive coating include water soluble or

water dispersible polymers capable of binding the inorganic particles. Particularly useful
polymers include polyvinyl alcohol, polyvinyl alcohol derivatives and modified polyvinyl
alcohol. Specific examples of polyvinyl alcohols that can be utilized in certain aspects of

the present invention include Celvol™-203S from Celanese™ and Poval™-235.

[0013] Other suitable binders include hydroxyethyl cellulose, hydroxypropyl cellulose,
hydroxyethylmethyl cellulose, hydroxypropyl methyl cellulose, hydroxybutylmethyl
cellulose, methyl cellulose, sodium carboxymethyl cellulose, sodium
carboxymethylhydroxethyl cellulose, water soluble ethylhydroxyethyl cellulose, cellulose
sulfate, polyvinyl acetate, polyvinyl acetal, polyvinyl pyrrolidone, polyacrylamide,
acrylamide/acrylic acid copolymer, polystyrene, styrene copolymers, acrylic or methacrylic
polymers, styrene/acrylic copolymers, ethylene-vinylacetate copolymer, vinyl-methyl
ether/maleic acid copolymer, poly(2-acrylamido-2-methyl propane sulfonic acid),
poly(diethylene triamine-co-adipic acid), polyvinyl pyridine, polyvinyl imidazole,
polyethylene imine epichlorohydrin modified, polyethylene imine ethoxylated,
polyethylene oxide, polyurethane, melamine resins, gelatin, carrageenan, dextran, gum

arabic, casein, pectin, albumin, starch, collagen derivatives, collodion and agar-agar.

[0014] The inkjet-receptive coating also includes a multivalent metal salt. In certain
embodiments of the invention, the multivalent metal is a divalent or trivalent cation. More
particularly, the multivalent metal salt may be a cation selected from Mg, Ca™, Ba™,
Zn**, and AI™, in combination with suitable counter ions. Divalent cations such as Ca*

and Mg'* are particularly useful. Combinations of cations may also be used.

[0015] Examples of the salt used in the invention include (but are not limited to) calcium
chloride, calcium acetate, calcium nitrate, magnesium chloride, magnesium acetate,
magnesium nitrate, magnesium sulfate, barium chloride, barium nitrate, zinc chloride, zinc
nitrate, aluminum chloride, aluminum hydroxychloride, and aluminum nitrate. Similar

salts will be appreciated by the skilled artisan. Particularly useful salts include CaCl,,
MgCly, MgSO,, Ca(NOs3),, and Mg(NOs),, including hydrated versions of these salts.

Combinations of the salts may also be used.
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[0016] In accordance with certain aspects of the present invention, the multivalent metal
salt 1s used 1n an amount from about 20 to 150, more particularly from about 35 to about
133 parts per 100 parts pigment. In accordance with certain aspects of the present
invention, the multivalent metal salt is provided as a separate layer in the inkjet-receptive

coating that is provided as a top coating over a layer containing the inorganic oxide and

binder.

[0017] The inkjet-receptive coating may also include optional additives such as colorants,
thickeners, release agents, flow modifiers, conventional pigments, fume silicas, brightening
agents, surfactants, and/or dispersants as required. The amount of the additives to be

included in the formulation can be readily determined by one of ordinary skill in the art.

[0018] The inkjet-receptive coating is typically applied in an amount sufficient to provide
the desired gloss and image quality. Typically, the inkjet-receptive coating is applied at a
coat weight from about 0.15 Ibs to about 2 Ib. dry, more particularly from about 0.5 to 1.5

Ib. Coat weights are provided on a Ib./ream basis for a ream size of 3,300 ft.

[0019] In accordance with certain aspects of the present invention, the inkjet receptive
coating is coated on a base coated paper substrate wherein the finished paper has a 75°

gloss of at least 60, at least 70 or in some cases at least 75.

[0020] The base coated paper substrate is typically coated on each side of the paper
substrate. The base coating typically i1s applied in the range of about 5 — 12 Ibs./ream, more

particularly from about 8 — 10 Ibs./ream depending on the substrate, base coating and target

gloss.

[0021] In accordance with certain embodiments, the base coating contains a fine particle
size clay. The clay may include particles having a particle size distribution wherein at least
90%, more particularly at least 96%, of the particles by weight have a particle size less than
2 microns. The fine particle size clay may account for about 20 — 80 parts of the coating
pigment on a dry weight basis. In certain embodiments, the clay i1s from about 40 to 60
parts based on 100 parts total pigment. HYDRAGLOSS® 90 Kaolin clay (KaMin) is an

example of a particularly useful clay that provides coatings exhibiting desirable properties.
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[0022] The base coating may also contain other pigments, particularly fine size pigments.
Examples of other pigments that may be used include carbonates, silicates, silicas, titanium
dioxide, aluminum oxides and aluminum trihydrates. Additional pigments may be
included in the base coating as needed to improve gloss, whiteness or other coating
properties. These pigments may be used in amounts up to an additional 60 parts by weight
of the dry coating pigment. Up to 40 parts, more particularly less than 30 parts, ot the
pigment may be a coarse ground calcium carbonate, fine ground calcium carbonate, plastic
pigment, TiO,, or mixtures thereof. An example of a ground calcium carbonate 1s
Carbital® 35 calcium carbonate (Imerys, Roswell, Ga.). Another supplemental pigment is
anionic titanium dioxide, such as that available from Itochu Chemicals America (White
Plains, N.Y.). Hollow spheres are particularly useful plastic pigments for paper glossing.
Examples of hollow sphere pigments include ROPAQUE® 1353 and ROPAQUE® AF-
1055 (Rohm & Haas, Philadelphia, Pa.). Higher gloss papers are obtainable when fine
pigments are used that have a small particle size. The relative amounts of these pigments

may be varied depending on the whiteness and desired gloss levels.

[0023] A binder may be included in the base coating for adhesion. The binder may be
anionic and in certain embodiments is a styrene/butadiene latex ("SBR Latex").

Optionally, the latex co-polymer also includes up to 20% by weight acrylonitrile repeating
units. SBR Latex 1s a carboxylated styrene butadiene copolymer latex admixture and may
contain acrylonitrile. Highly hydrophilic polymers may be used. Examples of usetul
polymers include Genflo™ 5915 SB Latex polymer, Genflo™ 5086 SB Latex polymer,
Genceryl™ PT 9525 latex polymer, and Gencryl™ 9750 ACN Latex polymers (all available
from RohmNova, Akron, Ohio). The total amount of binder in the base coating layer
typically is from about 2 to about 20, more particularly from about 5 to about 135, parts per
100 parts of total pigments.

[0024] The base coating may also include a co-binder that is used in addition to the
primary binder. Examples of useful co-binders include polyvinyl alcohol and protein
binders. The co-binder typically is used in amounts of about 1 to about 4 parts co-binder
per 100 parts of pigment on a dry weight basis, more particularly from about 1.5 to 3 parts
co-binder per 100 parts dry pigment. Another co-binder that is useful in some

embodiments is starch. Both cationic and anionic starches may be used as a co-binder.

ADM Clineo™ 716 starch is an ethylated cornstarch (Archer Daniels Midland, Clinton,

-6 -
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[owa). Penford™ PG 260 is an example of another starch co-binder that can be used. If a
cationic co-binder is used, the amount used may be limited so that the overall anionic
nature of the coating i1s maintained. The binder levels should be carefully controlled. If too
little binder is used, the coating structure lacks physical integrity, while if too much binder

is used, the coating becomes less porous resulting in longer ink drying times.

[0025] Other optional additives may be used to vary properties of the inkjet-receptive
coating or the base coating. Brightening agents, such as Clariant™ T26 Optical
Brightening Agent, (Clariant Corporation, McHenry, Ill.) can be used. Insolubilizers or
cross-linkers may be useful. A particularly useful cross-linker is Sequarez® 755
(RohmNova, Akron, Ohio). The amount of crosslinker or insolubilizer may be in the range
of 0.1 — 1.0, more particularly from about 0.2 to 0.6 parts by weight based on 100 parts
total pigment. A lubricant is optionally added to reduce drag when the coating 1s applied

with a blade coater.

[0026] Conventional mixing techniques may be used in making the coating. If starch is
used, it 1s cooked prior to preparing the coating using a starch cooker. In accordance with
certain embodiments, the starch may be made down to approximately 35% solids.
Separately, all of the pigments, including the primary pigment, secondary and any
supplemental pigments, may be mixed for several minutes to ensure no settling has
occurred. In the laboratory, the pigments may be mixed on a drill press mixer using a
paddle mixer. The primary binder is then added to the mixer, followed by the co-binder 1-
2 minutes later. If starch 1s used, it is typically added to the mixer while it 1s still warm
from the cooker, approximately 190° F. The final coating is made by dispersion of the
mixed components in water. Solids content of the dispersion typically 1s from about 55%

to about 68% by weight. More particularly, the solids are about 58% to about 62% of the
dispersion by weight.

[0027] Yet another embodiment relates to a high gloss inkjet recording medium having
an inkjet receptive coating on at least one surface of a base coated sheet. Any coating
method or apparatus may be used, including, but not limited to, roll coaters, jet coaters,
curtain coaters, blade coaters or rod coaters. Inkjet recording medium in accordance with
certain aspects would typically range from about 30 1b. to about 250 1b./3,300 ft.” of paper

surface. The coated paper i1s then optionally fintshed as desired to the desired gloss.
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[0028] The substrate or base sheet may be a conventional coated base sheet. Examples of

useful base sheets include Productolith/Sterling Gloss™ 80#, Sterling Ultra Matte Text™
80#, Fortune Matte Cover™, Futura Laser High Gloss™ 146#, and Centura Gloss™ 80#.

[0029] The finished inkjet recording medium is useful for printing. Ink is applied to the
inkjet recording medium to create an image. After application, the ink vehicle penetrates
the coating and 1s absorbed therein. The number and uniformity of the coating pores result
in even and rapid ink absorption. This inkjet recording medium may also be well suited for
multifunctional printing, whereby an image on a coated paper media 1s created from

combinations of dyes or pigmented inks from inkjet printers, toner from laser printers and

Inks from offset or gravure or flexo presses.

[0030] The following non-limiting examples 1llustrate specific aspects of the present

invention.

[0031] A coating comprising 133.3 parts calcium chloride, 100 parts SyloJet® C30F, a
micronized silica gel surface treated with aluminum chloride (Grace Davison), and 40 parts
Celvol™ 203 (polyvinyl alcohol) was coated on commercially available coated offset
papers at a dry weight of 1 Ib./ream by means of a blade .coater. The coatings were
calendered at 1200 PLI/100°F using 3 nips/side. Control samples without the inkjet
receptive coating were prepared by subjecting the commercially available offset papers to

the same calendering conditions set forth above.

[0032] A test target was printed on the resulting paper with a Kodak™ 5300 printer
containing standard Kodak pigmented inks. The test target comprised Dmax black,
magenta, cyan, yellow, red, green, and blue patches. The red, green and blue patches were
measured for mottle using a Personal 1AS Image Analysis System manufactured by QEA
and optical density was measured with a densitometer. Mottle is a density non-uniformity
that occurs at a low spatial frequency (i.e., noise at a coarse scale). The units of mottle are
percent reflectance using the default density standard and color filter specified in the
software. A lower mottle value indicates better performance. The mottle result below i1s
the average of mottle of the red, green, and blue patches. Gloss was measured at 75

degrees.
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[0033] A lower mottle value indicates better performance. The mottle result below is the
average of mottle of the black, magenta, cyan, yellow, red, green, and blue patches. In
accordance with certain aspects of the present invention, mottle values of less than 3.0,

more particularly less than 2.0, still more particularly less than 1.5, and in certain cases less

than 1.0 can be obtained.

[0034] Table 1 illustrates the superior mottle of the inventive examples compared to the
control examples with no inkjet receptive coating. Both the inventive examples and the

control examples were calendered using the same calendering conditions.

Table 1
Examples Base Paper | Coated* Gloss Mottle Gloss/Mottle
Calendered

Invention Ex. 1 A Yes 41.6 0.56 74
Invention Ex. 2 B Yes 76.4 0.51 160
lnvention Ex. 3 C Yes 67 .4 0.73 92.3
Invention Ex. 4 D Yes 72.1 0.54 134
invention Ex. 5 E Yes 70.8 0.49 145
Invention Ex. 6 F Yes 59.9 0.54 111
Invention Ex. 7 G Yes 68.8 0.63 109
Invention Ex. 8 H Yes 74.3 0.59 126
Controi Ex. 1 A No 40.5 2.31 17.5
Control Ex. 2 B No 81.4 5.55 14.7
Contro!l Ex. 3 C No 68.6 4 26 16.1
Control Ex. 4 D No 79.4 5.10 15.6
Control Ex. 5 E No 77.0 6.39 12.1
Control Ex. 6 F No 74.6 3.47 21.5
Control Ex. 7 G No 78.1 2.60 30.0
Control Ex. 8 H No 76.7 4.34 17.7

*Coated with inkjet-receptive coating.

[0035] The gloss/mottle ratio in accordance with certain aspects of the present invention

s at least 100, more particularly at least 110, still more particularly at least 120, at least

130, and 1n certain cases at least 140.
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[0036] Alternatively, the calcium chloride can be applied as a separate 5% washcoat over
a layer containing the silica gel and binder. Table 2 shows the improvement in gloss mottle

obtained by applying a separate washcoat of calcium chloride.

Table 2
Examples Base Paper Wash Gloss Mottle
Coated
Invention Ex. 9 H Yes 66.4 1.86
Control Ex. 9 H No 65.9 6.37

[0037] Table 3 shows the effect of the inkjet-receptive coating on the gloss of the paper.

Table 3
Base Gloss Gloss
Paner Uncoated Coated % Gloss
P Calendered Calendered Difference

40.5
81.4
68.6
79.4
/7.0
74.6
78.1
76.7

41.6
76.4
67.4
72.1
70.8

HENEEEE
®IN = |7
NiwiNIO ™

-14.7
68.8
74.3

N [©
& |w

[0038] With the exception of base paper A, a loss of gloss was observed when the inkjet

receptive coating was applied. The effect was most pronounced with base paper F where a

14.7% delta was observed.

[0039] Coated and uncoated sheets were printed with a Kodak Easy share printer and
mottle was measured on 100% fill R, G, B, C, M, Y, K patches using a QEA Personal [AS
image analyzer. As shown in Table 4, a significant difference was observed for mottle
between the coated and uncoated samples. Of the uncoated samples, papers A and G had

the best results. The application of the inkjet receptive coating normalizes the performance

of the base papers.

-10 -
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Table 4
_Paper_| Mot Goated
Paper Mottle Coated Mottle Uncoated Mottie Difference
A | o058 | 23t | = 18
B | o0&t | 585 | = 50
¢ | ors | @ a2 | 35
Db | 05 | 510 | 46
__E | o4 | 639 | 59
__F | os4 | @ 347 | 29
G | o83 | 260 | = 20
_H [ os9 | = 434 | = 38
Table 5: Inkjet-Receptive Coating Formulation Examples
Table 5
Generic Material | Narrow Range Broad Range Example
Material
Dry Parts Dry Parts
Inorganic Oxide 70 — 95 65 - 100 SyloJet C30F
Multivalent salt 35-133 20— 150 Calcium
Chloride
Binder 7—15 3-50 Poval-235
Crosslinker 0.2-0.6 | 0.05-1.0 Sequarez 755

-]11 -
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CLAIMS

1. An 1nkjet recording medium comprising:

a coated paper substrate; and

an inkjet-receptive coating applied to at least one side of said coated paper wherein said
inkjet-receptive coating comprises: a multivalent metal salt, a binder, and a cationic porous silica
having an average particle size less than 0.5 microns and a N pore volume of at least 0.70 ml/g

and a surface area less than 200 m2/g.

2. The inkjet recording medium of claim 1 wherein the silica particles have a median

particle size of 0.2 to 0.5 microns.

3. The inkjet recording medium of claim 1 wherein said medium has a mottle value

of less than 3.0 when printed with an inkjet printer containing pigmented inks.

4. The inkjet recording medium of claim 1 wherein said binder comprises a
polyvinyl alcohol.

J. The 1nkjet recording medium of claim 1 wherein said coating further comprises a
crosslinker.

6. The inkjet recording medium of claim 1 wherein said inkjet receptive coating is

present at a coat weight of 0.15 to 1.0 Ibs./ream (3,300 ft.%).

7. The inkjet recording medium of claim 1 wherein the multivalent metal salt
comprises a cation selected from the group consisting of Mg*?, Ca*?, Zn*?, Ba*™, Al* and

combinations thereof that forms a salt with an inorganic or organic counter ion.
8. The inkjet recording medium of claim 7 wherein the multivalent metal salt is

selected from the group consisting of CaCl, MgCly, MgSO4, Ca(NO3)2, Mg(NO3)z, ZnCls,
/n(NOs3)2, AICl3, Al(OH)sCl, BaCl,, and Ba(NOs3); and combinations thereof.

_12-
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9. The inkjet recording medium of claim 8 wherein the multivalent metal salt

comprises calcium chlonde.

10.  The inkjet recording medium of claim 1 wherein the inkjet-receptive coating
comprises a first layer containing the binder and the cationic porous silica and a second layer

containing the multivalent metal salt, wherein the second layer is disposed as a topcoat on the

first layer.

11.  The inkjet recording medium of claim 1 wherein the cationic porous silica has a
median particle size of 0.2 to 0.5 microns, the multivalent salt is a calcium salt, and the binder

comprises a polyvinyl alcohol.

12.  The inkjet recording medium of claim 1 wherein the inkjet recording medium
exhibits a 75° gloss/mottle ratio of at least 100 when printed with an inkjet printer containing

pigmented 1nks.

13.  The inkjet recording medium of claim 12 wherein the inkjet recording medium

exhibits a mottle of not over 1.0 when printed with an inkjet printer containing pigmented 1nks.

14.  The inkjet recording medium of claim 1 wherein the gloss of the inkjet recording

medium 1s at least 70.

15. The inkjet recording medium of claim 1 wherein the coated paper substrate
comprises a fine particle size clay having a particle size distribution where at least 90% of the

particles by weight have a particle size less than 2 microns.

16.  The inkjet recording medium of claim 15 wherein the coated paper substrate

comprises a carboxylated styrene butadiene copolymer latex binder.

17.  The inkjet recording medium of claim 2 wherein the total N2 pore volume of the

particles 1s 0.7 to 2.0 ml/g.
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18.  The inkjet recording medium of claim 17 wherein the total N> pore volume of the

particles 1s 0.7 to 1.5 ml/g.
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