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O herein is a method for making the printable recording media.

(57) Abstract: Disclosed herein is a printable recording media comprising a cellulose based substrate and a composite ink receiving
layer that includes a first distinct layer and a second distinct layer. The second distinct layer is applied on top of the first distinct lay -
er and comprises, at least, a polymeric binder, nano-size inorganic pigment particles and a thermoplastic material. Also disclosed
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PRINTABLE RECORDING MEDIA

BACKGROUND

(00017 Inkjet printing 15 a non-tmpact printing method in which an electronic signal controls and
directs droplets or a stream of ink that can be deposited on a variety of subsirates. Current inkjet
printing technology mvolves forcing the ok drops through small nozzles by thermal gjection,
piezoelectric pressure or oscillation, onte the surface of a media. This technology has become a
popular way of recording images on various media surfaces, particularly paper, for @ mumber of
reasons, ncluding low printer noise, capahility of high-speed recording and multi-color recording,
Inkjet web printing 18 a technology that is specifically well adapted for commercial and industrial
printing. Example of such printing technology s the “HP Page Wide Array printing” where more
than hundreds of thousand tiny nozzles on a stationary print-head that spans the width of a page,
delivering multi-colors ink onto a moving sheet of paper under a single pass to achieve the super-
fast printing speed. With these printing technologies, it1s apparent that the image quality of pninted
images s dependent on the construction of the recording media used. Accordingly, investigations
continge fto developing printable recording media that can be effectively used with such

techoology and which impart good printing performances,

BRIEF DESCRIPTION OF THE DRAWING

{0002}  The drawings tlustrate varous exanples of the present recording media and are part of
the specification. Figures 1, 2 and 3 are cross-sectional views of the printable recording media
according to examples of the present disclosure. Figore 4 15 a How chart of a method for making a

printable recording media i accordance with an example of the present disclosure.

DETAILED DESCRIPTION
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[0003]  The present disclosure refers to a printable recording media comprising a cellulose based
substrate and a composite ink receiving laver with a first and a second distinct laver, wherein the
second distinct layer is applied on top of the first distinet layer and contains, at least, a polvmernc
binder, nano-size inorganic pigment particles and thermeoplastic materials. The present disclosure

refers also to a method for making the printable recording media.

[0004] Before particular examples of the present disclosure are disclosed and described, s to
be understood that the present disclosure is not hmited to the particalar process and materials
disclosed herein. It is also to be wunderstood that the terminology used herein 1s used for describing
particular examples only and 15 not intended to be linuting, as the scope of protection will be
defined by the claims and equivalents thereof In describing and claiming the present article and
method, the followmg termunology will be used: the smgolar forms “a”, “an”, and “the” mchude
plural referents unless the context clearly dictates otherwise. Concentrations, amounts, and other
numerical data may be presented herein in a range format. It s to be understood that such range
format s used merely for convenience and brevity and should be interpreted flexibly 1o include
not only the numerical values explicitly recited as the limits of the range, but also to inclade all the
individual nwmerical values or sub-ranges encompassed within that range as if each numerical
value and sub-range is explicitly recited. For examples, a weight range of about 1 wt % to about
20 wt %% should be miterpreted to include not only the explicitly recited concentration himits of 1
wt %% to 20 wi %6, but also to include individual concentrations such as 2 wit %, 3 wit %, 4 wt %,
and sub-ranges such as 3 wi % to 15 wt %%, 1wt % to 20 wi %o, ete. All percent are by weight {wt
%) unless otherwise mdicated. As used herein, "nnage” refers to marks, signs, symbols, figures,
mdications, andior gppearances deposited upon a material or substrate with either vistble or an
invisible ink composition. Examples of an image can inclade characters, words, numbers,

alphanumeric symbols, punctuation, texi, hnes, underlines, highlights, and the hke.

[0005]  In some examples, the printable recording media is an inkjet printable media. The media
can thus be spectfically designed 1o receive any inkjet printable ink, such as, for example, organic
solvent-based inkjet inks or aqueous-based inkjet inks. Examples of inks that may be deposited,

established, or otherwise printed on the printable substrate, include pigment-based inkjet inks, dye-
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based inkjet ks, Imex-based wkjet ks and UV curable inkjet ks, In some examaples, the
printable recording media i1s an inkjet printable media specifically adapted to be printed with
pigment-based inks and/or dve-based inks. In some other examples, the printable recording media

1s an inkjet printable wedia specifically adapted to be printed with latex-based wks.

[000&]  The printable recording media, described herein, provides printed images and articles that
demonstrate excellent tmage guality (such as vivid color gamut, low ink bleed and good
coalescence performance) while enabling high-speed printing. By high-speed printing, it 1s meant
herein that the printer can generate up to 30 sheet of arch D size (610 mm x 915 mm) per minute
with full colored images for examples. The printable recording media provides printed images that
can be present i various surface finishing such as matt, satin and gloss. The recording media can
also be textured to create various art effects. In some examples, the images printed on the recording
media, such as described herein, are able to impart excellent image quality: provides vivid color,
such as higher gamut and have a different levels of gloss, and high color density, High print denstty
and color ganmt vohune are reabized with substantially no visual color-to-color bleed and with

good coalescence charactenistics.

{00071 The printable media has an optimized absorption rate. The resulting printed article and
image have, therefore, outstanding print quality. By * optimized absorption rate”, it i3 meant that
the water, solvent and/or vehicle of the ink can be absorbed by the media at a fast rate so that the
ik composition does not bave a chance to mteract and cause bleed and/or coalescence issaes and
also not caused any ink transfer to anv rollers mside the paper path of the printer. On another hand,
the recording media 1s also constructed in order to avoid any excessive absorption of the ink
colorant {pigments) so that ink optical density and color panut are decreased. The faster the
printing speed and the higher the antount of ink used, the higher is the demand on faster absorption
from the media. A good diagnostic plot with maximum ink density, such as secondary colors,
would be prone to coalescence and a pattern of hnes of the primary and secondary colors passing
through area fills of primary and secondary colors would be prong to bleed. If no bleed or
coalescence 1s present at the desired printing speed, the absorption rate would be sufficient, Bristow
wheel measurements can be vsed for a quantitabive measure of absorption on media wheretn a
fixed amount of a fluid is apphied through a slit to a sirip of medig that moves at varying speeds.

In some examples, the printing sobstrate has an ik absorption rate that 18 not less than 10 mlim*x
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sec'™, as measured by Bristow wheel ink absorption method. (The Bristow wheel is an apparatos
also called the Paprican Dvnamic Sorption Tester, model LBA92, manafactured by Op Test

Equipment Inc.)

{0008]  In some examples, the printing substrate has a surface smoothness that s less than 150
Sheffield smoothness unites. In some other sxamples, the printing substrate has a swiace
smoothness that 1s less than 100 Sheffield smoothness anite. In yet some other examples, the
printing substrate has a surface smoothness that ranges between from about 38 to abowt 90
Shefficld smoothness unite. The Surface smoothness 1s measured with a Hagerty smoothness tester
{Per Tappi method of T-338 om~26). This method is a measurement of the airflow between the
specimen (backed by flat glass on the bottom side) and two pressurized, concentric annular lands
that are fmpressed inte the sample from the top side. The rate of airflow is related to the surface
roughness of paper. The higher the number is, the rougher the surfaces. The unit is SU (Sheffield

smoothness wit),

[0009] In some examples, the printable recording media vsed herein is a coated glossy media
that can print at speeds needed for commercial and other printers such as, for example, a Hewlett
Packard {HP} Inkjet Web Press (Hewlett Packard Inc., Palo Alto, CA, USA). The properties of the
print media in accordance with the principles described herein are comparable to coated media for
offset printing. The printable recording media can have a 757 gloss (sheet gloss) that is greater than
30 %o.; or that 1s greater than 45 %. Such gloss 1s referred as the “Sheet Gloss™ and measures how
much light is reflected with a 75 degree (o) geometry on the unprinted recording media. 75° Sheet
{zloss testing 1s carried cut by Gloss measurement of the unprinted area of the sheet with a BYK-

Gardner Micro-Gloss™ 73° Meter (BYRK~Gardner USA, Columbia, MD, USA).

[00010} The printable recording wedia, described herein, provides printed mmages that
demonstrate excellent image quality {good bleed and coalescence performance) and enhance
durability performance while enabling high-speed and very high-speed printing. By high-speed
printing, it s meant hevein that the printing method can be done at a speed of SO fpm or higher, As
durabibity performance, it 1s meant heremn that the resuliing printed mimages are robust to dry and
wet rubbing that can be done by going through finishing equipment {(slitting, sheeting, folding,

etc.} or by the user.
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(00011} The puntable recording modia according to the present disclosure provides printed
mmages that bave outstanding print durability and excellent scrateh resistance while maintaining
good jettability. By scratch resistance, it is meant herein that the composition is resistant to all
modes of seratehing which include, sewdf, abrasion and burnishing. By the term “scuff™, # iy meant
herein all damages to a prmt due to dragging something blont across # (like brushing fingertips
along printed tmage). Scalls do not usually remove colorant but they do tend to change the gloss
of the area that was scuffed. By the term “abwasion”, it i3 meant herein the damage to a prnt due
to wearing, grinding or rabbing away due to friction. Abrasion is correlated with removal of
colorant (3.e. with the 0D loss). An extreme abrasive fathure would remove so much colorant that
the underlying white of the paper would be revealed. The term “burnishing” refers herein to

changing the gloss via rabbing. A burmishing Tatture appears as an area of differential gloss ina

bec

print,

[00012] Figure I, Figare 2 and Figwre 3 dlustrate the printable recording media (100) as deseribed
heremn. In some examples, as iHuostrated in Figure 1, the printable media {100} encompasses a
celiulose based sabstrate (110} and a composite ink recerving layer (120). The composite nk
receiving laver (1203 is made of a first distinct layver (121) and of a second distinct laver {122} that
is applied on top of the first distinct Yaver (121). The nk receiving layer (120} 15 applied on, at
least, one side of the substrate (110} The image recerving laver can thus be apphed on one side
only and no other coating is applied on the opposite side. In some other examples, such as
tHustrated in Figure 2, the composite ink receiving laver {120} is applied 1o both opposing sides of
the cellnlose based substrate (110). The double-side coated media has thus a sandwich structure,
Le. both sides of the cellulose based substrate (110) are coated and both sides may be printed, If
the coated side is used as an inage-receiving side, the other side, 1.¢. backside, may not have any
coating at all, or may be coated with other chemicals (e g. sizing agents) or coatings to meet ceriain
features such as to balance the curl of the final product or to improve sheet feeding in printer. In
yet some examples, such as illustrated in Figure 3, the printable recording media (100} contains a
composite ink recetving laver (120) on one side of the celinlose based substrate (110) and a backing
cogting laver {130} on the other side of the substrate, Le. the side that will not receive any image

{non-imaging side or backside). Such backing coating layer will help to balance coating stress to
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prevent media corling. As llustrated in Figures 1, 2 and 3, the printable media {100} encompasses
a cellulose based substrate {or bottom supporting substrate} (110} and a composite ink receiving
layer {120) that 1s made of a first distinct laver (121) and of a second distinet laver (122). Figure 4
is a flow chart of a method for making the printable recording media in accordance with an example

of the present disclosure.

[00013} The present disclosure refers to a primtable recording media that comprises a substrate
and, at least, a composite ink recerving laver. The ink receiving layer 1s made of two distinet lavers:
a first layer or “ink fixation layer”, and, applied on top of the first layer, a second distinct layer or
“ink fusion laver” containing, at least. a polymeric binder and nano-size fnorganic pigment
particles, The printable media, as described herein, can be considered as an article or as a coated
article. The article compnises a cellulose paper substrate having, on its mmage side (or image
receiving side), an ink fixation layer and an ink fusion layer wherein the ink fusion layer comprises
thermoplastic materials in an amounnt representing from about 0.5 to about 20 parts per 100 parts

by total drv weight of the coating components present in the second distinet layer.

[00014] The cellulose based substrate

[00015] As tHlustrated i Figure 1, the puntagble media (100) contains a celludose based substrate
{110} that supports the ik recetving layer (120) and that acts as a bottom substrate laver or
supporting base. Such substrate, which can also be called base print media substrate or base
substrate or supporting substrate, contains a material that serves as a base upon which the mk
recetving layers are applied and, eventually, the backing coating layer, The substrate provides
integrity for the resuliant printable media. The amount of the ink receiving layer, on the media, n
the dry state, is, at least, sufficient to hold all of the ik that is to be applied to the media. The

(24

wording “ceflulose based” refers herein to the fact that the substrate comprises cellulose fibers or
cellulosic fibers. Examples of cellulose based substrates include substrates comprising, but not
limited to, natural cellulosic material or svothetic celludosic material {such as, for example,
cellulose diacetate, cellulose triacetate, celhdose propionate, cellulose buotyrate, cellnlose acetate

butyrate and nitrocelinlose).

00016} The cellulose base substrate could be made from pulp stock comtaining a fiber ratio
; puip 8
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{hardwood fibers to softwonod fibers) of 70:30. The hardwood fibers have an average length ranging
from about 0.5 mm to about 1.5 mm. These relatively short fibers improve the formation and
smoothness of the base. Suitable hardwood fibers can mclude pulp fibers derived from deciduons
trees (angiosperms), such as birch, aspen, oak, beech, maple, and evcalyptus. The hardwood fibers
mav be bleached or nnbleached hardwood fibers. Rather than virginal hardwood fibers, other fibers
with the same length, up to 20% of total hardwood fiber content, can be used as the hardwood
fiber. The other fibers may be recycled fibers, non-deinkable fibers, unbleached fibers, syathetic
fibers, mechanical fibers, or combinations thereof The softwood hibers have an average length
ranging from about 2 mum to about 7 mm. These relatively long fibers improve the mechanical
strength of the base. Suitable softwood fibers can include pulp fibers derived from coniferous trees
{gvmnosperms}, such as varieties of fir, spruce, and pine (e.g., loblolly pine, slash pine, Colorado
spruce, balsam fir, and Douglas fir). The fibers may be prepared via any known pulping process,
such as, for example, chemical pulping processes. Two suitable chemical pulping methods inclade

the kraft process and the sulphite process.

{00017} The fibers of the substrate matenial may be produced from chemical pulp, mechanical
pulp, thermal mechanical pulp, chemical mechanical pulp or chemical thermo-mechanical pulp.
Examples of wood pulps include, but are not lmited to, Kraft pulps and sulfite pulps, each of which
may or may not be bleached. The substrate may also mclude non-cellulose fibers. The pulp used
to make the callnlose base muay also contain up to 10 wi% {with respect to total solids) of additives.
Suitable additives mayv be selected from g group consisting of a dry strength additive, wet strength
additive, a filler, a retention aid, a dve, an optical brightening agent {(i.e., optical brightener), a

surfactant, a sizing agent, a biocide, a defoamer, or a combination thereof

[00018] In some examples, the cellulose based substrate is a paper base substrate. The media
substrate can also be a photo-base paper, an uncoated plain paper or a plain paper having a porous
coating, such as a calendared paper, an un-calendared paper, a cast-coated paper, a clay coated
paper, or a commercial offset paper. The photobase may be a paper that is coated by co~extrusion
with @ high- or low- density polyethylene, polvpropylene, or polvester on both surfaces of the
paper. In some other examples, the cellulose based substrate may Rurther include synthetic material,
{such as a base including synthetic polvmernc fibers) or non-fabiric materials (such as a polymeric

film) or a mixtare of them. The synthetic matenal can be in fabnc form such as woven fabnic ora
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non-woven synthetic fabric matenial, and also, i non-fabne form such as films. The syuathetic
material includes, one or more polymers such as, for example, polyolefins, polyesters, pelvamides,
ethylene copolymers, polvcarbonates, polyurethanes, polvalkylene oxides, polvester amides,
polvethylene terephthalate, polyethylene, polystyrene, polypropylene. polycarbonate, polyvinyl
acetal, polvalkvloxazolines, polyphenvl oxazolines, polvethylene-imines, polveinyl pyrrolidones,

and combinations of two or more of the above.

(00019} The basis weight of the cellulose based substrate 15 dependent on the natwre of the
application of the printable recording media where lighter weights are emploved for magazines,
books and tri~folds brochares and heavier weights are employed for post cards and packaging
applications, for example. The cellulose based substrate can have a basts weight of about 60 grams

per square meter {g'm® or gsm) to ghont 400 gsm, or of about 100 gsm to about 250 gsm,

(000201 The composite ik recerving laver

[00021] The printable recording media comprises a cellulose based substrate {110) and, at least,
a composite mk recetving laver (120} disposed on, at least, one side of the substrate. The mk
receiving laver can also be referred to as an inkjet receiving or an ik recording laver or an image
recerving laver. In some examples, the composite wk receiving layer is present on, at least, one
side of the substrate (110). In some other examples, the composite ink recetving laver (120} is
present on both sides of the substrate (110). The word “composite™ refers herein o a material made
from at least two counstituent materials, or lavers, that have different physical and/or chemical
properties from one another, and wherein these constituent materials/layers remain separate at a

molecular level and distinct within the structure of the composite.

(00022} The composite ik recerving laver 1s formed with two distinet layers. The 1ok recerving
layer, or coating, includes a first distinet laver (121) {also called herein “ink fixation laver™), and
a second distinet layver (122) (also called herein “ink fuston layer™) that is applied on top of the first
distinct layer (121). The word “distinct” refers heremn to the fact that the lavers have significant
difference in coating thickness in Z-divection, for examples. In some examples, the fust distinet
layer and the second distinet laver of the composite ink receiving laver have a difference in coating

thickness in Z-direction, between the first and the second lavers, that is of, at least, 17 10; or, in
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some other examples, that s of, at least, 1 50, or, i yet some other examples, that s of, at teasy,
1100, The composite mnk receiving laver, that is formed with two distinet layers, can be considered
as having two interfaces: one being the thickness of the layer (e.g., the z divection} and the other,
being along the swrface of the media, to which the unage side that i3 to be printed (e.g., the x and

y directions).

[00023} The composite ink recetving laver (1203 can be disposed on one side of the supporting
substrate (110} and can form a layer having a coat~weight m the range of about 8.5 10 about 30
gram per square meter (g/ny” or gsm), or in the range of about 1 to about 20 gsm, or in the range of
about 1 to about 13 gam per side. In some examples, the printable recording media has a composite
ink recetving layer (120) that 1s applied t© only one side of the supporting substrate (110) and that
has & coat-weight in the range of about 2 to about 10 gsm. In some other examples, the printable
recording media contains composite ink receiving lavers (120} that are applied to both sides of the

substrate (110} and that have a coat-weight in the range of about 1 to about 10 gsm per side.

[00024] The composite ink receiving layer (1203 comprises a first distinet layer or “ink fixation
fayer™ (121). The first distinct laver that is applied directly on outmost surface of cellulose based
substrate could be called “ink fixation laver” since one of the function of this layer is to be a
physical layer to block ink colorants, also known as pigments movement, along the z-direction by
electronic charging interaction. The electromie charging interaction refers to positively or
negatively charged species, m the 1ok fixation layer, that can be coupled together with the opposite
charged species, in the ink composition, that chemically andfor physicallv forms a nevtralized pair.
Without being Hnked by any theory, it is believed that the first distinct layer has mudtiple functions.
First of all, it can be able, when recerving ink drops, to crash or to separate ink pigment from ink
solvent. Secondly, 1t can be able to chemically andfor physically bond wk pigments and prevent
praments to further penetrate into the cellulose based substrate but let ink solvent vehicle flow inte
the base instantly. Not bonded to any theory, it is believed that migration of ink pigments into
cellulose based substrate will decrease color gamut and therefore reduce prmting quality. In
addition, such mteraction can also immobilize the ink colorants in order 1o reduce randomly
colorant migration along the x~y direction, a less ink bleed and sharp edge defiition image can

thus be proaduced.

(000251 The first distinet laver or ink fixation layer {121}, as deseribed herein, does not mctude 4
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“physical barrier laver”™ that will stop pigment wagration towards base, te. laver that will
“physically block™ pigment migration along z-direction since these layers will also inevitably stop
or reduce the ink solvent vehicle movement and, in turn, will reduce ink dry time. Examples of
physical Jayers that are exchuded include: coatings containing inorganic andfor organic fillers and
binder(s); conting layers made from film-forming polymers that form a contimuous faver; layers
that are made by applying polymeric or similar substance using heated method such as extrusion
coating; and coatings which are formed by laminating sheeted materials such as plastic-paper,
fabric-paper and metal foil-paper together. In sowe examples, the thickness of the first distinct
layer {121) is ranging from about 0.001 nanometers (nm) to about 100 nanometers {nm} out of the

top surface of the cellulose based substrate.

[00026] In some examples, the thickness of the second distinet layer (1223 (.o the ink fusion
layer) is ranging from about 0.01 nanometers {nm) to abowt 10 micrometer {um}; or from about
0.001 micrometer {pum) to about 5 micrometer (um) ), or from about 0.01 micrometer {(um) o
about 1 micrometer (pm} out of the top surface of the first distinet layer, The coat weight of the
second distinet layer (122) can be rangmg from about 0.5 gsm o gbout 15 gsm, or from about |

gsm 10 no more than 10 gsm, for example from S to 8 gsm.

(000271 In some examples, the first distinct layer comprise an electrical charged substance.
“Electrical charged™ refers to chemical substance with some atoms gaining or losing one or more
electrons or protons, together with a complex 1on consists of an aggregate of atoms with opposite
charge. The electrical charged substance is a charged ion or associated complex fon that can de-
coupled m an aqueous environment. In some examples, the electrical charged substance s an
electrolyte, having a low molecular speaies or g high molecular species, The elecirical charged
substance can be present, in the first distinct laver, in an amount representing front about 0.005
grant per square meter {gsm) 1o 1.5 gram per square meter {(gsm) of the cellulose based substrate;

or from about 0.2 gsm to about 0.8 gsm of the cellulose based substrate in another example.

[O0028] In some examples, the electrical charged substance is a water soluble divalent or muoklir-
valent metal salt. The term “water soluble™ is meant to be understood broadly as a species that is
readily dissolved w water. Thus, water soluble salts may refer to a salt that bas a solubthty greater

than 15¢/100g HzO at 1 Atm. pressure and at 200°C.
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(00029 The electrical charged substance can be 2 water soluble metallic salt which means that
the first distinct layer (1213 comprises a water soluble metallic salt. The water soluble metallic salt
can be an organic salt or an inorganic salt. The electrical charged substance can be an inorganic
salt; m some examples, the elecirical charged substance is a water-soluble and multt-valent charged
salts. Mulii-valent charged salts include cations, such as Group I metals, Group Il metals, Group
Hi metals, or transition metals, such as sodium, caleium, copper, nickel, magnesium, zine, bartum,
ron, alominum and chromium ions. The associated complex ion can be chioride, fodide, bromide,
nitrate, sulfate, sulfite, phosphate, chlorate, acetate 1ons. The elecirical charged substance can be
an organic salt; in some examples, the electrical charged substance is a water-soluble organic salt;
in yet some other examples, the electrical charged substance is a water-soluble organic acid salt.
Organic salt refers to associated complex jon that is an organic spectfies, where cations may or
may not the same as inorganie salt like metallic cations. Organic metatlic salt are ionic compounds
composed of cations and anions with a {formula sech a8 {Collze i COUM P (HaO)s where M™ s
cation species including Group 1 metals, Group U metals, Group 1 metals and transition metals
such as, for example, sodivm, potassium, calcium, copper, nickel, zinc, magnesium, barium, fron,
aluminum and chromium ions. Anion species can mclude any negatively charged carbon species
with a value of n from 1 to 35, The hvdrates (HzQ0) are water molecules attached to salt molecales
with a value of m from 0 to 20, Examples of water soluble orgamic acid salts include metalitc
acetate, metallic propionate, metallic formate, metallic oxalate, and the like. The organic salt may
inchide a water dispersible organic acid salt. Examples of water dispersible organic acid salis

inchade a metallic citrate, metallic oleate, metallic oxalate, and the hike

[00030] In some examples, the electrical charged substance is a water soloble, divalent or multi-
valent metal salt. Specific examples of the divalent or multi-valent metal salt used in the coating
include, but are not himited to, calcium chloride, calcium acetate, calcium nitrate, calcium
pantothenate, magnesium chloride, magneshun acetate, magnesium nitrate, magnesivm sulfate,
barium chloride, barium nitrate, zine chloride, zine nitrate, aluminum chloride, aluminum
hvdroxychloride, and alominum nirate. Divalent or multi-valent metal salt might also melude
CaCly, MaCls, MgS0y, CalNQs), and Mg(NQ:}:, including hvdrated versions of these salts. In
some examples, the water soluble divalent or multi-valent salt can be selected from the group

consisting of calcium acetate, calcium acetate hydrate, caleium acetate monohydrate, magnesiuny
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acetate, magnesium acetate tetrahydrate, ealciwm propionate, calciom propionate hydrate, calenum
gluconate monohydrate, calcium formate and combinations thereofl In some examples, the
electrical charged substance is calcium chloride and/or calcium acetate. In some other examples,

the metal salt is caloiam chilonde.

{00031} The first distinet layer might further comprise a polyineric binder. Examples of polymeric
binder that can be used are described below since the binder can be selected from the group of
binders described and used for the second distinct laver. The polymeric binder, present m the first
distinct layer, is independently selected trom the binder that used in the second distinet layer. In
some examples, the polymeric hinder can be either water a soluble, a synthetic or a natural
substances or an agueous dispersible substance like polynmieric latex. In some other examples, the
polymeric binder is polymenc latex. The polymeric binder can be a water soloble polymer or water

dispersible polymeric latex.

[00032] The printable recording media comprises a celiulose based substrate and a compostie ink
receiving laver with a first and a second distinet layer that is applied on top of the firgt distinet
laver. The second distinet layer contains, at least, a polvmeric binder, nano-size inorganic pigment
particies and thermoplastic matertals, In some examples; the second distinet laver further containg
an optical density enhancement agent. In some other examples, the second distinct laver of the ink
receiving layer, further comprises an optical density enhancement agent and nano-size inorgame

prement particles that are in the form of a colloidal solution.

{00033} The second distinct layer contains nane-sized inorganic pigment particles: by “nano-
sized” pigment particles, it is meant herein pigments, in the form of particle, that have an average
particles size that in in the nanometer sizes (107 meters). Said particle are considered as either
substantially spherical or trregular. In some examples, the morganic pigment particles have an
average particle size in the range of about 1 to about 150 nanometer (nm}; in some other examples,
the inorganic pigment particles have an average particle size in the range of about 2 to about 100
nanometer (nm). In some examples, the surface area of the worganic pigment particles 18 in the
range of about 20 to about 800 square meter per gram or in the range of about 25 to about 350

square meter per gram. The surface area can be measuored, for example, by adsorption using BET
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tsotherm. In some examples, the morganic pigment particles are pre-dispersed 1 a dispersed storey
form before being mixed with the composition for coating on the cellulose based substrate, An
atumina powder can be dispersed, for example, with high share rotor-stator type dispersion system

such as an Ystral system,

[00034] In some examples, the second distinct laver {or ink fusion layer) contains from about 40
wt % 1o about 95 wi % of nano-size inorganic pigment particles by total weight of the second
distinct {ayer. In some other examples, the second distinct {aver contains from about 65 wt % to
about 85 wt % of nano-size tnorganic pigment particles by total weight of the second distinct layer.
In some examples, the nano-size organic pigment particles, of the second distinct layer, are metal
oxide or complex metal oxide particles. As used herein, the term “metal oxide particles”
encompasses metal oxide particles or inseluble metal salt particles. Metal oxide particles are
particles that bave high refractive index (1.e. more than 1.65) and that have particle size m the nano-
range such that they are substantially transparent to the naked eye. The visible wavelength 1s

ranging from about 400 to about 700 pm.

[00035] Examples of inorganic pigments include, but are not lmited to, titantum dioxide,
hydrated aluming, calcium carbonate, barnwn sulfate, silica, high brightness ahomina siheates,
boehmite, pseudo-boghmite, zine oxide, kaolin clays, and/or their combination. The inorganic
pigment can include clav or a clay mixture. The worganic pigment filler can mclade 8 calctum
carbonate or a calciom carbonate muxture. The calcium carbonate may be one or more of ground
calcium carbonate (GCC), precipitated calcium carbonate (PCC), modified GCC, and modified
PCC. The inorganic particles that can also be selected from the group consisting of aluminum oxide
{ALOs), silicon diexide (S102), nanocrystalline boehmite alumina (AIO(OH)) and aluminum
phosphate{ AIPO4). In some other exaraples, the mnorganic particles are aluminum oxide (ALO) or
sificon dioxide ($i02). Example of such inorganic particles is for examples, Disperal™ HP-14,
Disperal™ HP-16 and Disperal™ HP-18 available from Sasel Co. In some examples, the nano-size
morganic pigment particles of the second distinet laver are calcium carbonate, aluminum oxide
{AL:Os) or sithicon dioxide (S10:2). In some other examples, the nano-size inorganic pigment

particles of the second distinet layver are calcium carbonate.

[00036] The nano-size inorganic pigment pasticles is a “colloidal solution™ or “colleidal sol”. Said

colloidal sol is & composition that nano-stze pavticles with metal oxide structure such as aluminwm
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oxwde, stheon oxade, mivcomum oxrde, titanium oxide, caloium oxide, magnestam oxade, barun
oxide, zine oxide, boron oxide, and mixture of two or more metal oxide. In some examples, the
colloidal sol is a mixture of about 10 to 20 wi % of aluminum oxide and about 80 to 90 wt % of
silicon oxide. In some other examples, the colloidal solis a mixiure of abount 14 wit % of aluminam
oxide and about 86 wit % of silicon oxide. The nano-size inorganic pigment particles can be, in the
aqueous solvent, either cationically or anionically charged and stabilized by various opposite
charged groups such as chloride, sodium anumonium and acetate 1ons. Examples of colloidal sol
are commercial available under the tradename Nalco™§676, Nalco™ 1056, Nalco 1057, as supplier
by NALCO Chemical Company; or under the name Ludox™/Syton® such as Ludox™ HS40 and
HS30, TM/SM/AM/AS/LS/SKACL-X and Ludos™ TMA from Grace Inc.; or under the name Ultra-
Sol 201A-280/140/60 from Eminess Technologies Inc. The colloidal sol can also be prepared by
using particles agglomerates which have the chemical structure as descripted above but which have
starting particles size in the range of about 5 to 10 micrometer (10-6 meters). Such colloidal sol
can be obtained by breaking agglomerates using chemical separation and mechanical shear force
energy. Monovalent acids sach as niric, hvdrochloric, formic or acetic with a PKa value of 4.0 to
5.0 can be used. Agglomerates are commercial available, for example, from Sasol, Germany under

the tradename of Disperal™ or from Deguenne Chimie, Belgium under the Dequadis*HP.

(000371 With regard to the nano-size inorganic pigment particles, the second distinct laver may
further include second particles that have a size vange that &5 at least 100 times bigger than the first
nano~-particles (Lo nano-size morganic pizment particles). Such second particles can be called
morganic spacer particles, and are added in order to improve the stability of the dispersion of the
first particle | for example, ground calcivm carbonate such as Hydrocarb™ 60 available fron: Omya,
Inc.; precipitated calcium carbonate such as Opacarb®A40 or Opacarb™3000 available from
Specialty Minerals Inc. (SMI); clay such as Miragloss™ available from Engethard Corporation;
synthetic clay sach as hydrous sodium lithium magnesium silicate, such as, for example, Laponite™
available from Southern Clay Products Inc., and titaniom dioxide {(Ti0:) available from, for
example, Sigma-Aldrich Co. The second type of the panticles (fnorganic spacer particles) can be
other kind particles or pigments. Examples of inorganic spacer particles include, but are not limited
to, particles, either existing in a dispersed shurry or in a solid powder, of polystyrene and its

copalyimers, polymethyacryviates and thetr copolymers, polyacrylates and their copolymers,
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polyolefing and their copolymers, such as polyethylene and polypropylene, a combmation of two
or more of the polvmers. The norganic spacer particles may be chosen from silica gel {e.g.,
Sitojet™703C available from Grace Co.), modified {e.g., surface modified, chemically modified,

g., Omyajet™B6606, C3301, and 3010, all of which are available from

bt

ete.) calctum carbonate {e.
Omya, Inc), precipitated calcium carbonate (e.g., Jeteoat™30 available from Specialty Mingrals,

inc.}, and combinations thereof.

(000381 The second distinet layer contains at least one polvmeric binder. Without being linked by
any theory, 1t is believed that the polymeric binder is used to provide adhesion among the inorganic
particles within the second distinet faver. The polymernic binder is also used to provide adhesion
between the image first distinct laver and second distinct laver. In some examples, the polymaeric
binder is present i the second distinet layer in an amount representing from abont 3 parts by dry

weight to 25 parts by dry weight per 100 pans of nano particles.

[00030] The polymeric binder can be either water a soluble, a synthetic or a natural substances or
an agqueouns dispersible substance hike polvmeric latex. In some other examples, the polymeric
binder is polymeric latex, The polvmeric binder can be a water soluble polvmer or water dispersible
potymeric fatex. The binder may be selected from the group consisting of water-soluble binders
and water dispersible polvmers that exhibit high binding power for base paper stock and pigments,
either alone or as a combination. In some examples, the polymeric binder components have a glass
transition temperature {Tg) rangmg from - 10°C 1o + 30°C. The way of measuring the glass
transition temperature (Tg) parameter i1s described m, for example, Polymer Handbook, 3rd

Edition, authored by 1. Brandruop, edited by E. H. Immergut, Wiley-Interscience, 1989,

{00040] Suntable binders include, but are not limited 1o, water soluble polymers such as polyvinyl
alcohol, starch derivatives, gelatin, cellulose derivatives, acrylamide polymers, and water
dispersible polymers such as acrvlic polvmers or copolymers, vinyl acetate latex, polyesters,
vinylidene chloride latex, styrene-butadiene or acrvlonitvile-butadiene copolymers. Non-limitative
examples  of spitable  bmders mclude  styrene  butadiene  copolymer,  polvacrylates,
polyvinvlacetates,  polyacrvhic  acids, polvesters, polyvinyl  alcohel,  polystyvrene,

polymethacrvlates, polvacryvlic esters, polymethacrylic esters, polyurethanes, copolymers thereof,
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and combinations thereot. In some examples, the binder is a polymer and copolymer selected from
the group consisting of acrvlic polymers or copolyiers, vinyl acetate polymers or copolymaers,
polvester polymers or copolymers, vinvlidene chloride polvmers or copolymers, butadiene
polymers or copolymers, styrene-butadiene polymers or copolymers, acryvionitrile-butadiene
polymers or copolvimers. In some other examples, the binder component is a latex contaiming
particles of a vinyl acetate-based polymer, an acrylic polvmaer, a styrene polymer, an SBR-based
polyimer, a polvester-based polymer, a vinyl chloride-based polvaer, or the like. In yet some other
examples, the binder s a polymer or a copolymer selected from the group consisting of aceyhic
polymers, vinyvi-acrvlic copolvmers and acrvhc-polvurethane copolymers. Sach binders can be
polyvinylaicohol or copolymer of vinvipvirohdone. The copolymer of vinyipyrrohdone can
inchide vanous other copolymenized monomers, such as methyl acrvlates, methyl methacrylate,
ethyl acrylate, bvdroxyethyl acrylate, hydroxyethyl methacryvlate, eothylene, vinvlacetates,
vinylimidazole, vinvipyridine, vinyleaprolactams, methyl  vinylether, maleic  anhydride,
vinylamides, vinvichloride, vinvlidene chioride, dimethylamnoethyl methacrylate, scrviamide,
methacrylanude, acrvlonitrile, styrene, acrylic acid, sodiam vinylsulfonate, vinylpropionate, and
methyl vinvlketone, ete. Examples of binders include, but are not himited to, polyvinyl alcohols
and water-soluble copolymers thereof, e.g., copolvmers of polyvinyl alcohol and polv(ethylene
oxide) or copolymers of polvvinyl alcobol and polyvimylamine; cationic polvvinyl alcohols; aceto-
acetylated polyvinyl alcchols; polyvinyl acetates; polyvinyl pyrrelidones including copolymers of
polyvinyl pyrrolidone and polyvinyl acetate; gelatin; silvl-modified polyvinyt alcohol; styrene-
butadiene copolymer; acrylic polymer latexes; ethyvlene-vinyl acetate copolymers; polyurethane
resin; polyester resin; and combination thereof Fxamples of binders include Poval™235,

Mowiol¥56-88, Mowiol™40-88 (products of Kuraray and Clariant).

[00041] The binder may have an gverage molecular weight {Mw} of about 5,000 to about 500,000,
In some examples, the binder has an average molecular weight (Mw} ranging from about 100,000
to about 300,000. In some other examples, the binder has an average molecular weight of about
250,000, The average particle diameter of the latex binder can be from about 10 nm 1o gbout 10
pm; i some other examples, from about 100 nn to about § pm; and, n vet other examples, from
about 300 nm 1o about 0.5 um. The particle size distribution of the binder 1s not particularly imited,

and either binder having a broad particle size distribution or binder having a mono-dispersad
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particle size distribution may be used. The binder may wchude, but 18 m so way hmited o latex
resins sold under the name Hyear™ or Vyear® (from Lubrizol Advanced Materials Inc.); Rhoplex™
{from Rolun & Hass company); Neocar™ (from Dow Chemical Comp); Aquacer™ {from BYC Inc)

or Lucidene®™ (from Rohm & Haas company).

[00042] In some examples, the binder is selected from natural macromolecule materials such as
starches, chemical or biological modified starches and gelatins. The binder could be a starch
additive. The starch additive may be of any type, mcloding but not himited 1o oxidized, ethvlated,
cationic and pear! starch. In some examples, the starch is used in an aqueous sohution. Suitable
siarches thai can be used herein are modified starches such as starch acetates, starch esters, starch
ethers, starch phosphates, starch xanthates, anionic starches, cationic starches and the like which
can be derived by reacting the starch with @ suitable chemical or enzymatic reagent. In some
examples, the starch additives can be native starch, or modified starches {enzymatically moditied
starch or chemically modified starch). In some other examples, the starches are cationic starches
and chemically modified starches. Useful starches mav be prepared by koown techniques or
pbtatned from commercial sources. Examples of suitable starches nclude Penford Gum-280
{commercially available from Penford Producis)., SLS-280 (commercially available from St
Lawrence Starch), the cationic starch CatoSize 270 {from National Starch) and the hydroxypropyl
No. 02382 {from Poly Sciences). In some examples, a suitable size press/surface starch additive 1
2-hydroxyethyl starch ether, which is commercially available under the tradename Penford“Gum
270 {available from Penford Products). In some examples, doe 0 strong tendency of re-
agglomeration of the nano particles due to change of fonic strength, the binder is a non-ionic binder,
Examples of such binders are commercially available, for example, from Dow Chemcal Inc. under
the tradename Aguaset™ and Rhoplex™ emulsions, or are polyvinyl alcohol commercially available

from Kuraray American Inc. under the tradename Poval”, Mowiof” and Mowiflex™,

(000431 In some examples, the second distinct layer contains at least one polymeric binder that
mchude poly(vinyl alcoholy (PVA), polvethylene-co-polyvinyl alcohol, cationic polv{vinyl
alcohol), polv{viayl alcohol) with acetoacetyl functional groups, poly{vinyl alcohel) with silanol
functional  groups, anionic  poly{vinyl  alcohol),  polyvinyipyrrelidone  polymers,
polyvinyipyrrolidone copolymers, polvethviene oxide, polvethylene oxide copolymers,

polypropylene oxide, polvpropylene oxide copolvimers, polvacrylic polymers, polyacrylic
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copolymers, poly(vinyl acetate), raw starches, chemmcally modified starches, phenoho-based
resins, polyester-based resins, polvurethanes, amino-based resins, epoxy-based resing,
polvaramides, polybenzimidazole, polvoxadiazole, polypyromellitimide, or combinations thereof,
In some other examples, the second distinct layer contains a polymeric binder that is a poly{vinyl

alcohol).

[00044] The second distinet layer contains thermoplastic materials. The thermoplastic materials
can be considered as “slip aid agent” since such materials are believed to be able to reduce
coetheient of driction between paper o paper or paper to primter roller surfaces.
Thermoplastic materials can be in the form of a dispersion or m the form of an emulston. In some
examples, thermoplastic materials have a melting temperature ranging from about 40°C 1o about
250°C _The thermoplastic material may be a single thermoplastic matenial or & combination of two
or more thermoplastic materials. Whether used alone or in combmation, each thermoplastic
materials may have a melting temperatore rangmg from about 40°C to about 230°C. A combination
of two or more thermoplastic materials may mclude two or more thermoplastic materials having
differemt molecular structures andfor two or more thermoplastic materials with the same molecular

structure but different molecular weights (e.g., polyethylene wax and polvethylene solid beads).

[00045] The thermoplastic material may be natural materials or polvolefin-based materials, In
some examples, the thermoplastic material is a non-ionic material, an anionic material, or a catione
material. In some examples, the thermoplastic material is selected from the group consisting of a
beeswax, a carnauba way, a candelilla wax, a montan wax, a Fischer-Tropsch wax, a polyethylene-
based wax, a high density polvethylene-based wax, a polybutene-based wax, a paraffin-based wax,
a polvtetrafluoroethviene-based material, a polyamide-based material, a polypropylene-based wax,
and combinations thereof In some other examples, the thermoplastic material 18 an anionic
polyethviene wax emulsion, a poly-propylens based thermoplastic matenal, a high density
potyethylene non-ionic wax micro-dispersion or a lngh melt polyethylene wax dispersion. In yet
some other examples, the thenmoplastic material is a high density polyethylene non-ionic wax

mcro~-dispersion,

[00046] Examples of suitable thermoplastic materials include Michem™ and Resiste Coat™
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products that are gvailable from Michelman, Inc., Cincinnati, Ohio, and Ultralube™ products that
are available from Ketm Additec Surface GmbH, Kirchberg/Hunsriick. Examples of the carnauba
wax include an anionic carnanba wax emulsion (e.g., Michem” Emulsion 24414, Michem™ Lube
160, Michem™ Lube 160F, Michem®™ Lube 160PF, and Michem™ Lube 160PFP} or a non-ionic
camauba wax emulsion (e.g.. Michem® Lube 156). Examples of the montan wax are water based
emulsion of montan based ester wax (e.g., Michem®™ Emulsion 61222}, A specific example of the

Fischer-Tropsch wax s a non-ionic Fischer-Tropsch wax emulsion {e.g, Michem™ Emulsion
9R040M1) or a non-tonic Fischer-Tropsch wax dispersion (e.g., Michem™ Guard 60). Some
specific examples of the polvethylene-based wax include polvethylene (e.g., Michem™ Wax 410),
an anionic polvethylene wax emulsion (e.g.. Michem®™ Emulsion 52830, Michem™ Lube 103D1,
and Michem® Lube 190), an anionic polyethylene wax dispersion (e.g., Michem™ Guard 7140), a
non-ionie polvethylene wax dispersion {e.g., Michem™ Guard 25, Michem™ Guard 55, Michem™
Guard 349, and Michem™ Guard 1350) a non-jonic polyethylene wax emulsion {e.g.. Michem™
Emulsion 72040), or a high melt polyethviene wax dispersion (e.g¢., Slip-Ayd™ SL 300, Elementis
Specialties, Inc., Hightstown, NI}, Some specific examples of the high density polyvethylene-based
wax include a high density polyethylene non~ionic wax emulsion {e.g., Ultralube™ E-810 and
Uliralube™ E-846), a high density polvethylene non-ionic wax dispersion {e.g.. Ultralube™ D-806),
a high density polyethylene anionic wax dispersion (2.g, Ultralube™ D-803), a high density
polyethylene non-ionic wax micradispersion (e.g., Ultralube™ MD 2000 and Ultralube™ MD 2100},
or a high density polyethylene antonic wax microdispersion {e.g., Ultralube™ MD 2300/50). Some
specific examples of the paraffin-based wax mchlide a non-ionic paraffin wax emulsion (e.g.,
Michem™ Lube 723 and Michem™ Lube 743} or a solvent dispersion of paraffin wax {e.g, Wax
Dispersion 40 from  Michelman, Ine, Cincmnati, Ohio). An  example of the
polytetrafivorocthylene-based material 18 a non-ionic polvtetrafluorcethylene dispersion {e.g,
Michem™ Ghide 37) and an example of the polvamide-based material is an anionic polyamide
dispersion (e.g., Michem™ Emulsion D310). An example of the polypropylene-based wax is a
polypropylene wax emulsion (e.g., Uliralube®™ E-668 H}.

[00047] Examples of suttable combmation of thermoplastic nuaterials include an anionic
paraffin/polvethylene wax emulsion {e.g.. Michem™ Emulsion 36840, Michem™ Emulsion 66035,

Michem™ Lube 135, Michem™ Lube 270R, Michem™ Lube 368, Michem™ Labe 511, and Michems™
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Lube 6933, a non-ionic high density polyethylene/paraffin wax emulsion (e.g.. Michem®™ Emulsion
91840}, an anionic carnaubadpolvethyliene wax emulsion {e.g., Michem™ Lube 110}, an anionic co-
emuision of carnauba and paraffin waxes (e.g.. Michem™ Lube 180), an anionic carnauba/paraffin
wax emulsion (e.g., Michem™ Lube 182 and Michem™ Lube 388F), a polvethylene/paraffin wax
emulsion {e.g., Ultralube™ E-389), a paraffin/polyethylene wax blend {e.g.. Resisto Coat™ 30AF
and Resisto Coat™ Plus), or a high density polyethylene/polytetratlvoroethylene non-ionic wax
dispersion (e.g., Ultralube®™ D-838). In some other examples, the thermoplastic material(s) may be
an anionic paraffin‘ethylene acrylic acid wax emulsion {e.z, Michem™ Emulsion 34935), a cationic
water based emulsion of polyolefin waxes (e.g. Michem®™ Emulsion 42035A), anionic
microcrystalline wax emulsions {e g, Michem™ Lube 124 and Michem®™ Lube 124H), or a high

density polyethylene/copolymer non-ionic wax emulsion (e.g., Ultralube®™ E-530V).

[00048] The printable media (100) includes an image receiving laver {120) that can compnise an

“optical density enhancement agent” abbreviated as “ODE agent”. The optical densuty
enhancement agent can also be called “Dye fixer gent™. It can be said that the presence of optical
density enhancement agents, in the hmage recetving layer, would create a more uniforny area fill
and a visually more appealing image quality. The image receiving layer might comprise optical
density enhancement agents (ODE agents) in an amount representing from gbout 0.5 to abouot 20
parts per 100 parts by total dry weight of the coating components present m the unage receiving
laver. In some other examples, the image receiving laver comprises optical density enhancement
agents (ODFE agents) in an amount representing from about 2 to about 15 parts per 100 parts by
total dry weight of the coating compounents present in the image receiving layer. In yet some other
examples, the image recetving layer comprises optical density enhancement agents (ODE agents)
in an amount representing from about 5 to about 10 parts per 100 parts by total dry weight of the

coating componenis present in the tmage receiving layer,

(000491 The optical density enhancement agent {ODE agent) (or dye fixer) may be a cationic
polyimer, such as a polymer having a primary amino group, a secondary amino group, a tertiary
AMING group, a quaternary amrsoniwm salt group, or a quaternary phosphonium salt group. The
optical density enhancenment agent {ODE agent) {or dve fixer) may be in a water-soluble form or

i a water-dispersible form, such as i latex,
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[00050] The optical density enhancement agent (ODE agent) comprises, at least, an jonene
compound. The “tonene compound™ refers 1o a polvmeric compound having ionic groups as pan
of the main chain, where lonic groups can exist on the backbone unit, or exist as the appending
aroup to an element of the backbone unit, Le. the onie groups are part of the repeat unit of the
polymer. In some example, the onene compound is a cationic charged polymer. The cationic
tonene polyvmer can have a weight average molecular weight of 100 Mw 1o 8000 Mw. Examples
of such cationic charged polymer mclude: poly-dialiyl-dimethyl-ammonivm chloride, poly-diallyl-
amine, polvethyvlene  tnune,  poly2Z-vinvilpyndine, poly  d-vinylpyridine  poly2-{tert-
butylamino)ethvl methacryiate, poly 2-aminoethyl methacrylate bvdrochioride, poly 4'-diamino-
3 3-dinitrodiphenyl ether, poly N-(3-aminopropylimethacrvlamide hydrochlonde, poly 4,3,3'-
diannnodipheny! sulfone, poly 2-(iso-propylaminojethylstyrene, poly2-{N N-diethylamino)ethyl

methacrviate, poly 2-(diethvlaminojethvistvrene, and 2-(N N-dimethvlaminojethvl acrvlate.

(00031} The tonene compound can be a naturally occurring polymer such as cationie gelatin,
cationic dextran, cationic chitosan, cationic cellulose or cationic cvelodextrin. The 1onene polvimer
can also be a syathetically modified naturally occurring polyvmer such as a modified chitosan, e.g.,

carboxymethyl chitosan or N, N, N-trimethyl chitosan chloride.

Chitosan N, N, N ~trimethyl chitosan chlonde

[00052]1 In some examples, the ionene compound is a polvmer having 1onic groups as part of the
main chain, where ionic groups exist on the backbone unit such as, for example, an alkoxylated

quaternary polvamine having the Formula (I)
RU-NARR ~f NYANRNR Yo~ N(ARR'; (m+2)X-

where R, R and A can be the same or different group such as hnear or branched C2-Cio alkylene,
Cs-Cy2 hydroxy-atkyviene, ((+-Cyz dibydroxy-alkylene or dialkyl-arviene; X can be any suiable

counter ion, such as halogen or other simifarly charged anions; and m is 8 numeral suitable to
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provide a polymer having a weight average molecular weight ranging from 100 Mw to 3000 Mw.
In some examples, m Is an iteger ranging from 3 to 3000, The aitrogen can be quaternized in

some examples.

{00053] In some other examples, the ionene compound is a polymer having ionic groups as part
of the main polvmer chain, but exist as the appending group to an element of the backbone unit.
The ionic groups are not on the backbone but are part of the repeat unit of the polymer, such as

gquaternized poly(4-vinvi pyridime) of structure (1) below:

~CHCHy

©

. 2

In this example, the above polymer can repeated w1 order fo provide a polyimer with a weight

average molecular weight ranging from 100 Mw to 8000 Mw.

[00054] The tonene compound can be selected from the group consisting of polvamunes andior
their salts, poly-acrylate diamines, quaternary ammontam salis, poly-oxyethylenated amines,
quaternized poly-oxyethylenated amines, poly-dicvandiamide, polv-diallyl-dimethyl ammoniom
chloride polvmenic salt and quaternized dimethyl-amunoethyl{imeth)acryvlate polymers. In some
examples, the image receiving laver comprises an ink optical density enhancement agent that 1s an
ionene compound that can include poly-imines compounds andfor their salts, such as linear
polvethvleneimines, branched polvethvieneimines or quaternized polv-ethylene-imine. In some
other examples, the ionene compound is a substitute of urea polvmer such as poly[bis(2-
chlorogthyhether-alt-1,3 bis{3-(dumethvlaminolpropyvijureal or guaternized poly{bis(2 chloro-
ethvhether-alt-l 3 -bis [3 - {(dimethylasnumo)propyl]. In vet some other examples, the ionene
compound 13 a vinyl polymer andfor their salts such as quatemized vinyl-indazol polymers,
modified cationic vinyl-alcohol polymers, alkyl-guanidine polymers, andfor their combinations.
(000551 In some examples, the printable media of comprises, in the image receving layer, an mk
optical density enhancement agent that 1s an ionene polymer. The jonene polymer can be a cationic

gelating, cationic dexiran, cationic chitosan, cationic cellulose, cationic cvclodexrin, carboxy-
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methyl chutosan, N, N, N -tamethyl clutosan chloride, alkoxvisted guaternary polyamines,
polvanunes, polvamine  salts,  polyacrylate  diamines, guatersary  anunonium  salts,
polvoxyethvienated amines, quaternized polyoxyethylenated amines, poly-dicvandiamide, poly-
diallvi-dimethyl ANIONIRT chlonide polymeric salt, quaternized

dimethvlaminoethvi(methjacrviate polymers, polyethvleneimines, branched polvethvlensimines,

quaternized poly-ethylenimine, polyurias, polybis(Z-chloroethylether-alt-1 3bis[3-
{dimethylamino)propyljureal, quaternized polyibis{2-chloroethyether-alt-1,3-bis[3-

{dimethylammolpropyl], vinyl polyvmers or salts thereof, quaternized vinyl-imdazol polymers,

modified cationic vinyl alcohol polyvmers, alkvl-guanidine polymers, or a combination thereof.

(00056} Commercially available optical density enhancement agents can be found, for examples,
under the tradename BTMS-50, Incroquat®CR or Induquat™ECR from Indulor Chemie GnibH
{Germany), Floguat™ serials from SFN Inc.; QUABY serials fiom SKW QUAB Chemicals Inc.;
Tramfloc™ serigls from Tramfloc Inc.; Zetag® serials from BASF and ZHENGLI® from ZLEOR
Chemicals Ltd. In some examples, the optical density enhancement agent can be a cationic
polymers, in a latex form, such ag, for examples, matenals avallable under the tradename
TrubDotRP-2604, P-2606, P-2608, P-2610, P-26340, and P-2850 (available from MeadWestvaco
Corp. (Stamford, €T)) and Rhoplex® Pomal-26 (available from Rohm and Haas Co.
{Philadeiphia, PA)).

[00037] In some examples, the optical density enhancement agent can also include:
polyethyvleneimine, poly-allviamine, polvvinyvlamine, dicyandiamide-polyv-alkylene-polyamine
condensate, polyalkviene-polvamine-dicvandiamide-ammonium  condensate, dicyandiamide-
formalin condensate, polymer of epichiorchydrin-dialkvl-amine, polvmer of dialbvl-dimethyl-
ammoninm-~chloride  (DADMAUC),  copolvmer  of  digllyldimethylanmmoniumchlonde-80;,
polyvinvl-imidazole, polvvinvipyrrolidone, copolvmer of vinvlimidazole, poly-amidine, chitosan,
cattomized  starch,  polymer  of  vinvl-benzybinmethybammonium-chlonde,  (2-
methacrviovioxyethyDirimethyl-ammoniume-chloride,  polvmer  of  diethvi-aminoethyl-
methacrvlate, or polyvinvlalcohol with a pendant quaternary ammonivm salt,

[00058] In addition to the above-described components, the first distinet layer anddor the second

distinct layer fornmdations might also contatn other components or additives, as necessary, to carry

out the required nuxing, coating, manufacturing, and other process steps, as well as to satisfy other



WO 2017/078729 PCT/US2015/059436

24

reguirements of the finished produoct, depending on its intended use. The addinves inchude, but are
not limited to, one or more of rheology modifiers, thickening agents, cross-linking agents,
surfactants, defoamers, optical brighteners, dyes, pH controlling agents or wetting agents, and
dispersing agents, for example. The otal amount of additives, in the composition for forming the
Arst distinct layer, can be from about 0.1 wt %6 1o about 10 wi % or from about 0.2 wt %% to about
5 wi %, by total dry weight of the ink receiving laver. In some examples, additives such ag binders,
deformers and PH adjusters can be added imto the first distinet layer formulation in order to

mnprove functional performances such as eliminating foaming during coating process.

[00059] Backing coaling laver

[00060} In some examples, the printable recording media of the presemt disclosure further
comprises @ backing coating laver (130). The backing coating laver can also be called “awrl control
layer”™ since it pomary function might be to balance the stress generated from the ik receiving
layer, and provide a good control of the curl effect of the media. The backing coating layer can be
applied directly on the cellulose based substrate (110} on the opposite side of the ik recetving
laver (120), i.e. on the side that will not recerve any printed fmage. Said opposite side can also be
called “non-imaging side” or backside. The backing coatig laver (138) will not recerve any image
but will help the media 1o balance coating stress in order to prevent media curling. When present,
the backing coating layer can have a coat weight ranging from about 1.0 gsm or from about 15
gsm. in some examples, the backing coating layer comprises at least one polymeric binder and, at
least, a nano-~size inorganic pigment particle. In some other examples, the backing coating laver is

similar to the second distingt laver as described above,

(00061} Method of making 8 pruntable recording media

[00062] In some examples, according to the principles described herein,_a method of making a
printable recording media comprising a cellulose based substrate (110} and composite mk
recerving layer (120} is provided. Such method encompasses: providing a cellulose based substrate
{110} applving a first distinet layer (121); dryving said a first distinet layer {121 }; applving a second

distinct layer {122} containng, at least, a polvmeric binder, nano-size mnorganic pigment particles
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and thermoplastic matenials, on top of the first distinet layer, and drying sard second distinet laver
{122} in order to obtain a composite ink recetving laver (120} and the printable recording media
{100). In some examples, a backing coating layer {130} can be applied to the non-imaging side of
the media, ve. on the opposing side of the ink recerving layer (120). In some other examples, the

printable recording media can be calendered in order to obtain the desired ploss and smoothness,

(000631 Figure 4 1s a flow chant of a method {200} for making the printable recording media
according to the present disclosure. In this method, a cellulose based substrate is provided (201 };
then a first distinct layer is applied (202) and then dried {203). A second distinet faver is applied
over the first distinct laver {204) and, then, said second distinct layer is dried (2035) m order to

obtain an ink recetving laver that wall form the coated printable recording media (206).

[00064] In some examples, the composite ink receiving laver (120}, made of the two distinct
layers, is applied to the cellnlose based sabstrate (110} on one side (on the unage receiving side)
of the media. In some other examples, the ink receiving layver {120} is applied to both sides of the
substrate {110} {on the image receiving side and on the backside). The two distinet layers that form
the jak receiving laver (120} are applied as two separate lavers. The first distinet laver (121} or mnk
fixation layer, can be applied to the cellulose based substrate (110} by using one of a variety of
suitable coating methods, for example blade coating, aw knife coating, metering rod coating, size
press, curtain coating, or another suitable technique. For example, the ink fixation layer may be
apphed using a conventional off-line coater, or nse an online surface sizing v, such as a puddie~
size press, filme-size press, or the like. The puddle-size press may be configured as having
horizontal, vertical, and nchined rollers. In another example, the film-size press may melude a
metering system, such as gate-roll metering, blade metering, Meyer rod metering, or stot metering.
For some examples, a filie-size press with short-dwell blade metenng may be used as application
head to apply coating solution. The non-contact coating method example, the spray coating, is also

suitable for this application,

(000651 The second distinet layer {122) 1s then applied over the mk fixation layer {(121) or fust
distinet faver, in order to produce the ink recetving layer {120}, using the coating method described
above. In some examples, after the coating steps, the media nmught go through a drving process 1o
remove water and other volatile components present in the {ayers and substeate. The dryving pass

may comprise several different deving zones, including, but not muted to, mfrared {(IR) dryers, hot
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surface rolls, and hot air floatation boxes. In some other examples, after the coating and deymng
steps, the coated web may receive a glossy or satin surface with a calendering or super calendering
step. When a calendering step is desived, the coared product passes an on-line or off-line calender
machine, which could be a soft-nip calender or a super-calender. The rolls, in the calender machine,
mayv or may not be heated, and certain pressure can be apphied to calendering rolls. In addition, the
coated prodact may go through embosser or other mechanical roller devices to modify surface

characteristics such as texture, smoothness, gloss, etc.

[00066] When the base substrate is base paper stock, the composition for forming the ink
receiving layer can be apphed on the base paper stock by an in-hine surface size press process such
as a puddle-sized press or a flm-sized press, for example. In addition to n-line surface sizing
processing, off-line coating technologies can also be vsed to apply the composition for formiag the
mk recetving faver to the print media substrate. Examples of suitable coating techniques include,
but are not innited to, slot die coaters, roller coaters, foumtain curtamn coaters, blade coaters, rod

coaters, air knife coaters, gravure applications, and aiy brush applications, for example.

(00067} Method for producing printed umages

[00068] A method for producing printed images, or printing wethod, includes providing a
printable recording media such as defined herein comprising 3 cellnlose based substrate and a
composite ink recetving layer with a first and a second distinet layver, wherein the second distinct
layer iz applied on top of the first distinet layer and contains, at least, a polymeric binder, nano-
size morganic pigment particles and thermoplastic materials; applyving an ink conposition on the
ink receiving coating fayer of the print media, to form a printed image; and drving the printed
mage in order to provide, for example, a printed image with eshanced quality. In some examples,

the ik 1s a pigment-based ink andfor a dve-based ink.

{00069] In some examples, the printing method for producing images 1s an inkjet printing method.
By wkjet printing method, it 1s meant heretn 3 method wherein g stream of droplets of ink is jetted
onto the recording substrate or media to form the desived printed tmage. The ink composition may
be established on the recording media via any suitable mkjet printing technique. Examples of inkjet

method inchude methods such as a charge control method that uses electrostatic atiraction to eject
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ink, a drop-on-demand method which uses vibration pressure of a Piezo element, an acounstic inkjet
method i which an electric signal is transformed into an acoustic beam and a thermal inkjet
method that uses pressure caused by bubbles formed by heating ink. Non-limitative examples of
such jukjet printing techniques wclode thus thermal, acoustic and piezoelectnic ket printing. In
some examyples, the ink composition is applied onto the recording media using inkjet nozzles. In
some other examples, the ik composition s apphed onto the recording method using thermal
inkjet printheads. In some examples, the printing method as described herein prints on one-pass
only. The paper passes under each nozzle and printhead only one time as opposed to scanning type
printers where the printheads move over the same area of paper multiple times and only a fraction
of total nk is used during each pass. The one-pass prnting puts 100% of the ink from each
nozziefprinthead down all at once and 15 therefore more demanding on the ability of the paper to

handle all of the ink in a very short amount of time.

[00070] As mentioned above, a printable recording media 1w accordance with the principles
described herein may be emploved to print images on one or more surfaces of the print media. In
some examples, the method of printing an image includes depositing ink that contains particulate
colorants. A temperatwe of the print media during the printing process is dependent on one or
more of the nature of the printer, for example. A suitable inkjet printer, according to the present
method, 1s an apparatus configured to perform the printing processes. The printer may be a single
pass inkjet printer or a nuulti-pass inkjet prister. The printer may include a temperature stabilization

module operative to ensure mainenance of the range of ink jetting temporatures.

EXAMPLES

Ingredients:
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Ingredient name

Nature of the ingredient

supplier

Calcium Chloride

electrical charged substance

Sigma~Aldrch

Penford™ 280

hinder

Penford Inc

Drisperat™ HP-14

inorgmnic pigment particulates

Sasol Co.

Ludox™ HS40

Inorganic pigment particulates

Girace Ine

Mowiol™ 4088 polyvinyl aleobol (PVA) binder Kurraray
Mowiol® 6-9¥8 polyvinyt aleohol (PV A) binder Karraray

Dynwet 8§00

surfactant

BYK iInc.

Ultralube™ D-808

thermoplastic material

Ketn Additee Sarface GmbH

Floquat “FL23563

ODE ageng

SNF Ing

Table 1

[G0071] Example | ~ Cellutose based substrate

(000721 A cellulose base substrate {110} with a basis weight of 220 gsm is provided. The base is
made of fibers pulp that contaims about 90 % hardwood fibers and 10 about %% soft wood fibers,

The base also contains about 15 wt % morganic fillers {mixture of carbonates titanian dioxide and

clays). The filler is added to the fiber structure of the raw base at wet end.

(000731 Example 2 - Ink receiving laver formulations

[00074] Formulations of the first and second distinct layvers (ink fixation layer and ink fusion

layer), that form the ink receiving laver (120), are expressed i the Tables 2 and 3 below. The

numbers represent the dry parts of each components present in each layer.

First distinet laver . _
st dudinet v B1 B2
ik fixguion leyer

Calcinm Chioride H i
Penford™ 280 - 16
Water G 83

Table 2
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Second distinct layer ? 3

m&fﬁf&iai ?::\sjt b {Cij}p} {Cgip} Fa k4 F3
Disperal™ HP-14 100 100 o0 130 -
Ludox® HS40 - - - - 1O
Mowinf® 40-88 i 16 10 1G 1
Mowini® 608 3 3 3 3 3
Dynewet*800 0.5 0.5 (.5 0.5 0.5
Floquat ®FL2363 i i H 1 i
Ultralube™ D-806 - 0.5 2 S 5

Table 3

(000757 Example 3 - Printable recording media

(000761 Series of coated media samples (samples 1 to 5) are prepared by coating the media
substrate {110) with ink receiving layers prepared with the first distinet laver (ink fixation faver)
and the second distinct layver (ink fuston layver) coating compositions as exemplified in Tables 2
and 3. A first distinet layer, or ink fixation laver, composition (Bl or B2), as exemplified in Table
2, 1s apphied 1o one side of a cellulose base (110) #t a coat-weigh of about 1 10 3 gsm. On top of
this first distinet laver, the second laver (or ink fusion laver) F1 or F2 is applied, as exemplified o
Table 3, at a coat-weigh of about 7 gsm. A back coating s applied &t a coat-weigh of § gsm, on
the opposite side of the base substrate (110). Said back coating (BC) has the formulation of F1.
The laver are applied using a Maver rod and then dried. The media are then calendered through a
two-nip soft wip calendering machine {at 100 kN/m, 54.4°C (130°F)) s order to obtain the coated
printable recording media sample (1) to (51 The composition of the obiained printable recording

media samples {Sample 1 to Sample 5) are illustrated in Table 4.
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First distinct layer Second distinct layer .y .
L e Back coating

« ink fleation ayer - ~ Ik fusion faver » ;
Sample 1 , B = -
{comparalive)

] L2

Sample2 B1 2 Fi
{comparative)
Sample 3 Bi F3 F1
Sample 4 Bt F4 Fi
Sample § B 3 F1

Table 4

(000771 Example 4 - Printable recording media performances

{00078} An identical unage sequence 1s printed on the printable media samples 1 o § using an
HP Office Jet 5740 using HP 62 pen (dve based ink printer). The different recording media samples
{1 to 5} are measured for different parameters and properties. After printing, the image quality of

the prints and resistance are evaluated. The results of these tests are expressed in Table 5 below.

[00079] The scrubbability test evaluates the scratch performances. This test s performed by
exposing the vartous samples 1o be tested to a dull edge (like a coin) and to a sharp edge (like a
plastic nail) in a BYK Abrasion Tester (from BYK-Gardner USA, Columbus, MD). After the test
is concluded, the samples are rated visnally. Image quality is evalvated using both numeric
measurement method and visual evaluation method. The method involves prnting standardized
diagnostic images onto the printed sample, then numencally measuring gamut/color saturation, ink
bleed, coalescence, text clarity, ink dry time, and gloss level, using spectrophetometer (such as the
X-Rite 1140} and single-angle gloss-meter (such as the BYK Gloss-meter). Visual evaluations are
done in a bight box ander standard hghting box conditions, with the image at a known distance &
viewing angle. The attribotes under visual evaluation are color ganmt, area fill uniformity for
defects such as coalescence, mottle gram. The Coefticient of Friction {COF}) 15 also measared for
the different recording media samples. The Coefficient of Friction {COF) iliustrates the printing
sheet rumng ability, The Coeffictent of Friction {(COF) 15 evaluated using the TMI shps and
friction tester (model #32-90) per the TAPPI T-5349 om-01 method. Lower values demonstiate

better performances,
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[00080] Such results demonsirates that primable recording media as described heretn show
mproved scratch performances and reduced coefficient of friction (COF) while still having good

image quality.

e g Seratch : . Sheet Feeding
Media Sample COF Image Quality : =
Performances : b Performance
Sample 1 _
>ampie L .8 poor good poot
{comparative) = :
Sample 2
>amy . 0.75 poor good POOT
{comparative) =
Sample 3 (.65 farr good fair
Sample 4 B.55 wood good fawr
Sample $ 0.45 good good sood

Table 5
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CLAIMS

A printable recording media comprising a cellulose based substrate and a composite ink
receiving laver with a {first and a second distinet layer, wherein the second distinct layer i3
apphied on top of the first distinet layer and contains, at least, a polvmeric binder, nano-size

morganic pigment particles and thermoplastic materials.

The printable recording media, according to claim 1, wherein the first distinet layer of the

composite ink receiving laver comprises an electrical charged substance.

¢ printable recording media, according to claim 2, wherein the electrical charged substance
The printable recording medta, according to claim 2, wherein the electrical charged substan

18 a water soluble, divalent or multi-valent metallic salt.

The printable recording media, according 1o claim 1, wherein the second distinet faver of the

composite ink recerving layer further comprises an optical density enhancement agent.

The pristable recording media, according to claim 4, wherem, 1w the second distinet layer of
the composite ink receiving laver, the optical density enhancement agent comprises, at least,

an ionene compound.

The printable recording media, according to claim 5, wherein, i the second distinet faver of
the composite ink receiving layer, the ionene compound is selected from the group consisting
of polyamines and/or their salts, poly-acrylate diamines, quaternary ammaonium salts, poly~
oxyethylenated amines, quaternized poly-oxyethylenated anunes, poly-dicvandiamide, poly-
diallyl-dimethyl  ammontum  chloride  polymeric salt and  quaternized  dimethyl-

aminoethyli(methjacrvlate polymers,

The printable recording media, according to claim 1, wherein, in the second distinet layer of
the composite nk recetving layer, the nano-size inorganic pigment particles 1s a colloidal

solotion.
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The printable recording media, according to claum 1, wherem the second distinet laver of the
composite ink recetving layer further comprises an optical density enhancement agent and

nano-size inorganic pigment particles that are in the form of a colloidal solution.

The printable recording media, according to claim {, wherein, in the second distinet layer of

the compostie ink recetving layer, the polymeric binder that s a poly{vinyl alcohol).

The prmtable recording media, according to elaim 1, wherem, m the second distinet {aver of
the composite ink receiving laver, the thermoplastic material 1 selected from the group
consisting of a beeswax, a carpasba wax, a candehilla wax, a montan wax, a Fischer-Tropsch
wax, & poelvethylene-based wax, a high density polvethvlene-based wax, a polvbutene-based
wax, a paraffin-based wax, a polytetratluoroethylene-based material, a polvamide-based

material, a polypropylene-based wax, and combinations thereof.

The printable recording media, gccording to claim 1, wherein, in the second distinet faver of
the ink receiving laver, the thermoplastic material is an anionic polyvethylene wax emulsion,
a poly~propylene based thermoplastic material, a high density polyethivlene non-ionic wax

micro-dispersion or a high melt polyethvlene wax dispersion.

The printable recording media, according to claim 1, wheremn, i the second distinet laver of
the ink receiving laver, the thermoplastic matenial is a ngh density polyethylene non-tonic

wax micro-dispersion.

The printable recording media, according to claim 1, wherein the fust distinet laver and the
second distinet laver of the ink receiving laver have a difference in coating thickness i -

direction that is, at least, 11 10

The printable recording media, according to claim 1, wherein the composite ink receiving
layer is applied on one side of the cellulose based substrate and a backing coating layer is

applied on the other side of the cellulose based substrate.

A method for making a printable recording media comprising:
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2. providing a cellulose based substeate;
b applving a first distinet laver;

drying said first distinet laver;

3

d. applying a second distinet layer contaming, at least, a polymeric binder, nano-size
morganic pigment particles and thermoplastic matenials on top of the first distinct
layer;

e. drving said second distinct layer i order to obtain a composite ink recetving layer and

the printable recording media.
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212
200
201 e .
S Providing a cellulose based substrate (110)
202 v
. Applying a first distingt layer (121}
203 ) . ,
. Drying the first distinct layer (121}
)
204 Applying a second distinct layer {122} containing, at least, a polymeric
| binder, nano-size inorganic pigment particles and thermoplastic materials
on top of the first distinct layer {(121)
205 . " :
S Drying the second distinct layer {122)
206 Obtaining a compostiie ink receiving laver (120) and the printable
. recording media (100)

FIG. 4
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