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ABSTRUCT

An ink jet recording sheet providing an image by the
use of an aqueous ink containing a water-soluble dye
comprises a substrate having thereon a specific ink
receptive layer. This ink jet recording sheet has excellent
properties under maintaining the paper-like figure and

feeling of an uncoated sheet.
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Title of the Invention

Ink Jet recording sheet

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1nvention relates to a recording sheet for ink jet

printer (hereinafter referred to as ink Jet recording sheet).
2 . Prior Art

In recent years, the demand for color printer 1is
increased. Particularly, the demand for an 1ink jet printer,
one of the non-impact recording systems, is highly increased
since a comparatively rapid color recording 1s possible by
this simplified system, since the noise is less than impact
printers such as dot-printer, etc., and since the use in
offices 1s easy, and the 1like.

In ink Jet recording sheets, the use of synthetic
amorphous silica has been proposed in various forms for the

purpose of 1lmproving the color density, ink absorbency, ink

drying ability, feathering of ink and flowing out of ink. For

example, there are disclosed an ink Jet recording sheet coated

with a non-colloidal silica powder in Japanese Unexamined

Patent Publication Kokail No. 55-51583 (published in 1980), an
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ink jet recording sheet having a base paper coated with a
mixture of a fine silicic acid and a water-soluble resin in
Japanese Unexamined Patent Publication Kokaili No. 56-148583
(published 1n 1981), and 1n 1nk jet recording sheet obtained by
at least double applications of the same coating color
consisting of both synthetic silica and a water-soluble binder
in a total coating amount of at least 10 g/m° Japanese

Unexamined Patent Publication Kokai No. 57-107879 (published 1in
1982) .

As synthetic amorphous silica, known are silica
manufactured by a wet precipitation process and silica
manufactured by a wet gel process or by a humed process, 1.e. a
process of hydrolysing silicon tetrachloride in an oxyhydrogen
flame. In conventional ink jet recording papers, silica
manufactured by a wet precilipitation process or by a wet gel
process 1s mainly used, and it 1s disclosed 1n the above-

mentioned patent publications.

The use of silica manufactured by a humed process 1is
disclosed in Japanese Unexamined Patent Publication 60-204390
(published in 1985), which describes that an ink receptive
layer comprises synthetic ultra-fine silica manufactured by a
vapor phase process. However, this patent publication
practically discloses a method for coating ultra-fine silica on
an ink receptive layer which 1s obtained by coating synthetic
amorphous silica in a coating amount of at least 10 g/m® on a
substrate, and it discloses a method for coating a mixture of

ultra-fine silica and silica manufactured by a
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preclpitation process 1in a certain mixed-ratio on a substrate
ln a coating amount of 15 g/mz. In any case, this patent
publication discloses a coating amount of at least 10 g/m2.
Accordingly, the technology disclosed in Japanese Unexamined
Patent Publication No. 60-204390 (published 1in 1985) 1is
substantially the same as the technology disclosed in above-
ment ioned Japanese Unexamined Patent Publication Nos. 55-
51583, 56-148583, 57-107879 and the like.

That 1s, the purpose of the above Japanese patent
publications 1s the preparation of an ink 3jet recording sheet
having both good recording density and excellent ink
absorbency by applying a coating material of 10 - 20 g/m? on a
substrate.

As methods for preparing an ink Jet recording sheet
having an improved water-resistance, Japanese Unexamlined
Patent Publication No. 56-84992 (published in 1981) discloses
coating of a polycation-polyelectrolyte on a surface of an ink
receptive layer, and Japanese Unexamined Patent Publication
No. 59-20696 (published 1n 1984) discloses the use of an 1ink
receptive layer containing polydimethyldiallyl ammonium
chloride.

As the method for preparing a recording sheet having both
good light resistance and excellent image-light resistance,
there are well known various 1nk receptive layers containing a
metal oxide, a UV-absorber, an oxidation inhibitor, etc.

Japanese Unexamined Patent Publication Kokal No. 58-

177390 (published 1n 1983) discloses that an 1ink Jet recording
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sheet suitable for an ink jet printer of electric field

control type is obtained by coating an electric conductive
agent of a quaternary ammonium type on a surface of an 1ink
receptive layer contalining both synthetic silica and a water-
soluble binder for the purpose of providing a normal
printability, wherein the sheet 1is independent of

environmental humidity changes by means of preventing the
electrostatic chargeability.

As described above, the subject of the hitherto known ink
jet recording sheets was to improve various properties, that
1s, the color density, the 1ink-absorbency, ink-drying ability,
ink-feathering, ink-flowing out, water resistance and 1light
regsigtance of an image and a recording sheet (printability of
a recording sheet), and the like. Recently, discoloration and
fading caused by 1indoor and outdoor gases have become a great
problem.

As gases causing discoloration or fading, there are an
NOy-gas, a sulfur dioxilide gas, etc., 1n exhaust gases or
factory smokes; ozone generated from many copying machines;
smokes of cigarettes; and the like.

Ozone 1s generated more and more, since many small or
medium copying machines have been used increasingly in offices
owing to the miniaturization and the simplification of many
copying machines through office automation. However, the
discoloration or the fading caused by indoor and outdoor gases

(oxidizing gases) forms a particularly great problem. It is

well known that some of oxidizing gases cause an oxidizing

~4-
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exciltation of acidic dye-molecules 1in an aqueous 1ink for an
ink jet recording.

For the preparation of a sheet having both appropriate
recording density and sufficient 1ink absorbency in full color
ink jet recording with high quality and density, 1t 1is
required that an ink-receptive layver 1s provided 1n accordance
with the maximum amount of ejected inks 1in a unit printing
area. In this case, the conventional technique of coating
conventional synthetic amorphous silica such as silica
manufactured by a wet process or by a humed process, usually
requires a coating amount of at least 10 g/m2 on a substrate.

In coating a filler such as silica etc. on a fiber-1like
substrate in an amount of circa 10 g/mz, the fibers are
covered with powdered fillers completely, so that the paper-
like figure and feelling are lost in a paper-base substrate.
And owing to the less bulk density, the fine silica requires
more binder than other fillers.

Since many vacant spaces 1n the coating layer are filled
with the binder, the coating amount must be further 1increased
for providing good ink-absorbency, so that the paper-1like
figure and feeling are increasingly logt. 1In a small amount
of binder, the recording sheet has good ink absorbency, but it
exhibits as the defects a weak surface strength and the
troubles of paper-powder generation, of clogging the oriffices
by the powders and the like, so that 1t 1s not used as a usual

recording sheet.
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The synthetic silica, which 18 used as a catalyst 1in

oxldizing-reactions, has an excellent function as a catalyst.
Accordingly, 1in the conventional recording sheets coated with
a large amount of synthetic silica for improving both
recording density and ink absorbency, there are following
defects: With an increased amount of synthetic silica, the
fading of the image 1s strengthened by oxidizing gases
generated in the catalytic action, and the paper-like figure
and feeling are further decreased.

10 Moreover, a metal oxide, a UV-absorber, an oxidation-
inhibiltor, a polycation-polyelectrolyte. etc., which are used
for improving both light resistance of a recording sheet and
that of an image, have no ability of preventing a fading
caused by oxidizing gases. And some of the above agents
increase the fading.

As described above, there 1s not a method for preventing
the fading of the 1ink Jet recording-image by oxidizing gases,
etc., while maintaining both good recording density and high
ink absorbency with excellent paper-like figure and feeling.

20 Further, 1t has been found that such a method is not

achieved by extending the conventional techniques.
SUMMARY OF THE INVENTION

It 1s a major object 0of this invention to provide an ink
jet recording sheet which has uniform image quality, high

recording density, good full color printabillity, excellent

-6 -
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abl1lity to prevent the fading of an image by oxidizing gases,
etc., superior presentability of image and good light
resistance of image, while maintaining the paper-like figure

and feeling of an uncoated sheet.

According to the present invention, there is provided
such an i1nk jet recording sheet for providing an image by the
use of an aqueous 1nk contailning a water-soluble dye. The ink

jet recording sheet comprises a substrate having thereon an ink

- receptive layer comprising both ultra-fine anhydrous silica and

a cationic polymer. The 1nk receptive layer can be obtained by

means of a coating, an impregnation, and/or the like.
DETAILED DESCRIPTION OF THE INVENTION

The ultra-fine anhydrous silica of this invention is

amorphous silica having a high Si0;-content and no internal

gu—

surface and being i1n the form of an aggregate of spherical

particles having a mean primary particle size of 7 - 40 mp.

The symbol “mp” means a “milli micron” that is 1/1000 of a

micrometer which 1s 1n turn a one millionth of a meter, namely

10°° meter. Therefore, “mp” is the same as “nm” (nanometer: 107°

meter) .

Usually, silica easily produces hydrogen-bonds owing
to the presence of silanol groups and i1ndicates a thixotropic
property 1n a polar solvent such as water. The silica
manufactured by a wet process have many silanol groups on
internal surfaces of particles, while the ultra-fine anhydrous
silica of this invention has many silanol groups on outer
surfaces of particles owing to the absence of internal

surfaces. Accordingly, the ultra-fine anhydrous silica easily
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forms between particles the hydrogen-bonds based on silanol
groups and causes a prominent viscosity-increase in a high
slurry consistency, so that 1t 1s not applicable as a coating
material in combination with a water soluble resin as a binder
of the conventional wet-process silica.

It has been found that this ultra-fine anhydrous silica
can pbe employed as a coating material in combination with a
cationic polymer 1in accordance with this invention.

The method of mixing both this ultra-fine anhydrous
sllica and the cationic polymer is not particularly limited,
and 1s, for example, as follows:

(1) The ultra-fine silica is mixed with water or an
aqueous solution of a binder, and the cationic polymer 1is
added to Tthe mixture containing the ultra-fine silica.

(2) The ultra-fine silica is mixed in an agueous
solution of the cationilc polymer, 1f liquid, and then the
obtained mixture 1is mixed with water or an agqueous solution of
a binder.

(3) The ultra-fine silica and the catilonic polymer are
digpersed 1n water or an aqueous solution of a binder
Simultaneously.

Usually, the mixing 1is made by using an agitator.

The dispersing of a mixture, the ultra-fine anhydrous
silica and the cationic polymer forms a considerably uniform
aggregate, which gives a lower slurry wviscosity than other

coating material without a cationic polymer. Moreover, this

digspersed mixXxture 1is easlly coated, wherein the obtained
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coating layer has a bulky structure.
The ultra-fine anhydrous silica has the specific

surface of a wide range measured by BET-method and can be used

in this invention, independent of the specific surface values.

However, with a decreased BET-specific surface, the

color density is reduced. With an increased BET-specific
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surface, silica forms a large aggregate and non-uniform
volds in which ink permeates deeply, so that the color
density is decreased. NAccordingly, it is desirable to
select an appropriate specific surface, taking the desired
quality of recording sheet and the production-property of
coating material into consideration.

| The cationic polymer of this invention include,'for
example, polyethylene-imine, polydimethyldiallyl ammonium
chloride, polyalkylene-polyamine dicyandiamide ammonium
condensate, polyvinylpyridinium halide, polymers of
(meth) acryloyl oxyalkyl quaternary ammonium salt, polymers
of (meth)acrylamide alkyl quaternary ammonium salt, o -
chloro-poly (oxyethylene-polymethylene quaternary ammonium

alkylate), polyvinyl benzyl trimethyl ammonium salt, methyl-

(11, OCII, Clt, Ol
()

1 and the like.
O
Ol ]

1l Me,N" 1~ I

il

glycol chitosan e.g.

Preferably, the cationic polymers of this invention are
polydimethyldiallyl ammonium chloride, polymers of
(ineth) acryloyl oxyalkyl quaternary ammonium salt, polymers
of (meth)acrylamide alkyl quaternary ammonium salt, w -
chloro-poly (oxyethylene-polymethylene-alkyl quaternary
ammonium salts) and methylglycol chitosan.

In this invention, the mixed ratio of the cationic
polymer to the ultra-fine anhydrous silica is not
particularly determined depending upon the kind, the

molecular weight and the cationic degree of the cationic

- 10—
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polymer, the specific surface and particle size of the
ultra-fine anhydrous silica, the kind and the amount of the
binder or the additive, and the like. From the experimental
results, it seems to be suitable to use 0.2 - 20 weight-
parts of the cationic polymer, based on 100 weight-parts of
the ultra-fine anhydrous silica and mixed ratio (by weight)
of the cationic polymer to the water soluble binder of 1 to
0 - 2.

Naturally, these amounts are not particularly limited,
and must be determined depending upon the experimental
results under consideration of the above conditions. The
increase of the added cationic polymer provides a decrease
in dot optical density, 1nk absorbency, and resistance to
fading of image by oxidizing gases.

The coating material of this invention comprises
optionally various water-soluble resins as a binder. These
water-soluble resins includes, for example, oxidized starch,
cationic starch, polyvinylalcohol, cellulose derivatives
such as hydroxyethyl cellulose and carboxymethyl cellulose,
polyacryl amide and derevatives thereof, polyvinylpyridine,
polyethylene oxide, polyvinylpyrrolidone, casein, gelatin,
sodium alginate, polystyrene sulfonate, sodium polyacrylate,
hydrolysis product of starch - acrylonitrile graftpolymer,

sulfonated chitin, carboxylated chitin, chitosan, and

derivatives thereof.
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Among these binders, the binders having almost no
reactivity with the cationic polymer are preferable.

The 1ink receptive laver (coating layer) of this invention
comprises mainly the ultra-fine anhydrous silica, and may
optionally contain other fillers for improving a paper-sllding
property, a writing suitability and the like. These other
fillers include, for example, calcium carbonate, clay
(activated clay, calcined clay, etc), kaolin, talc, synthetic
silica (manufactured by a wet precipitation process or by a
wet gel process), alumina, aluminum hydroxide, zinc oxilde,
calcium silicate, synthetic silicate, titanium dioxilde,
diatomaceous earth, barium sulfate, satin white, glass powder,
organic resin pigment, etc.

The ink receptive layer of the recording sheet of this
invention comprises optionally chemicals such as a surface
active agent, etc. for improving printed qualities such as
feathering, dot size, etc.

The substrate of the recording sheet of this invention
must be a good ink absorbent material, for example, a sheet of
paper having voids of a certain size which 1is manufactured
alone or in mixed state from pulp, regenerated stuff of waste
paper, chitin, synthetic fiber, glass fiber, etc.; a sheet
having volds of a certaln size such as non-woven fabric having
suitable voilds.

As papers, papers manufactured with no sizing, an acidic
sizing or a neutral sizing may be used.

The substrate of the recording sheet of this invention

~-12-
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may comprise or may optionally be coated with an additive 1in
such an amount that the ink absorbency, paper-like figure and
feeling are not decreased. These additives include, for
example, various fillers and other additives. The substrate of
the recording sheet of this invention can be coated with the
ink-receptive layer in a small amount, desirably at most 10
g/m?, more preferably about 1 to about 7 g/m‘, for the purpose

of maintaining paper-like figure and feeling.

For the application of the coating material, there
are used, for example, a sizing press machine, a roll coater, a
blade coater, an air knife coater, a bar coater, a curtailn

coater, a spray-machine, etc.
EXAMPLES

This invention is illustrated in detail below with

reference to Examples and Comparative Examples; but this

invention is not limited thereto. 1In Examples, all parts and

percentages are by welght.

[Example 1]

100 parts of LBKP (bleached hardwood kraft pulp)
having 300 Freeness (CSF) as a pulp stuff, 10 parts of kaolin

-13 -
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(kaolinite-group, spherical aggregate, mean primary particle
size: 0.1 p, specific weight: 2.2), 0.15 part of fortified
rosin sizing agent (Coropal® CS, ﬁanufactured by Seiko
Chemical Co.) and 1 part of aluminum sulfate were mixed. A
base sheet having a weight.df 63 g/m? was produced from the
mixed_stuff by a paper machine.

On the other hand, 100 parts of ultra-fine anhydrous
silica (mean primary particle size: 12 mu, BET-specific
surface area: 200 m?/g) were dispersed in circa 1264 ml of
water. 35.7 parts of‘28% aqueous solution of a cationic
polymer (polydimethyldiallyl ammonium salts; average
molecular weight: circa 12,000} as an additive, and 100
parts of an aqueous solution of polyvinyl alcohol A
(saponification value: circa 99%; average polymerization
degree: 1700) were added to the dispersed solution to form a
coating material of 8% aqueéus solution (solid content).

The obtained coating material was applied onto the base
paper in a coating amount of circa 2 g/moz (as solid content)
by a size press machine. The resultant paper was treated by

a supercalender to make the smooth recording surface.

Thus, a recording paper of Example 1 was obtained.

[Comparative Example 1]

100 parts of a fine silica F manufactured by a wet
precipitation process (50% mean particle size: 2.7 upm; BET-

specific surface area: 270 m*/qg), and 20 parts of an aqueous

- *Trade-mark
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solution of polyvinyl alcohol A were mixed to produce a
coating material of 16% aqueous solution. The produced
coating material was applied onto the substrate used 1in
Example 1 in a coating amount of circa 14 g/m? by an air
knife coater.

The resultant paper was treated in the same manner as
in Example 1 to obtalin a recording sheet of Comparative
Example 1.

|Comparative Example 2]

A recording sheet of Comparative Example 2 was obtained
1n the same manner as in Comparative Example 2, except for
using 62.5 parts of a fine silica G manufactured by a wet
gel process (50% mean particle size: 10 upm, BET-specific
surface area: 300 m?/g) and 37.5 parts of the ultra-fine
silica i1nstead of the fine silica manufactured by a wet
precipitation process of Comparative Example 1.

[Comparative Examples 3 and 4]

Recording sheets of Comparative Examples 3 and 4 were
obtained in the same manner as in Example 1, except for
using fine powdered silica G manufactured by a wet
precipitation process or using silica H manufactured by a
wet gel process instead of the ultra-fine silica as a filler
of the coating material of Example 1.

[Comparative Example 5]

2.5 g/m?* of the coating material used in Example 1 were

— 15 —
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applied onto the recording sheet of Comparative Example 1 to

obtain a recording sheet of Comparative Example 5.

The test results of Example ] and Comparative Examples
1 - 5 are shown in Table 1.

As seen in Table 1, the recording sheet of Example 1

exhibits a good dot image density, a little fading from the

view of an ozone-resistance, a high surtace strength in
spite'of a very small amount of the coating material.
Further, this sheet has paper-like figure and feeling owing
to a slight coating amount. For these reasons, this sheet

is very desirable as a ink jet recording sheet.

On the contrary, the recording sheet of Comparative
Example 1 as a conventional recording sheet exhibits a bad
fading, and is inferior 1n paper-like figure and feeling
owing to a large amount of the coating materials.

The recording sheet of Comparative Example 2 1is
inferior in a fading, paper-like figure and feeling, since

it contains circa 30% of an ultra-fine anhydrous silica,

based on a filler, but no cationic polymer.

Further, the combined use of a conventional silica
manufactured by a wet process provides a bad fading and a

weak surface strength even in a slight coating amount and 1n
the combined use of a cationic polymer, as shown 1in

Comparative Examples 3 and 4.

The recording sheet of Comparative Example 5 was

_._16__._
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obtained by applying a coating material of this invention
onto a coat-type recording sheet of Comparative Example 1.
This recording sheet is inferior in paper-like figure and
feeling, and exhibits a weak surface strength and a bad

fading. Accordingly, this sheet is not useful as a

recording sheet.

- 17___
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An ultra-fine anhydrous silica, a water-soluble binder
and a cationicipolymer were mixed in the ratios as shown in
Table 2 to produce a coating material. The coating material
was applied onto the base paper used in Example 1 in an
coating amount of circa 2 g/m? by a meyer bar.

The resultant paper was treated in the same manner as

Example 1 to obtain recording sheets of Examples 2, 3 and 4

and Comparative Example 6.

As can be seen from Table 2 of test results, the
recording sheet of this invention exhibit a high dot-image
density, a little fading, an excellent surface strength and
an excellent paper-like figure inspite of a slight coating
amount of circa 2 g/m?.

On the other hand, the recording sheet of Comparative
Example 6 containing no cationic polymer exhibits a weak
surface strength, whereby the ultra-fine anhydrous silica is
not fixed on the surface of a substrate and a dusting
occurs. This sheet is disadvantageous in its production and

usage.
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|[Examples 5, 6, 7 and 8]

The recording sheets of Examples 5, 6, 7 and 8 were
prepared in the same manner as in Example 3 except that the
ultraefine anhydrous silica B (mean primary particle size:
18 mp, BET-specific surface: 130 m’/g); the ultra—fine.
anhydrous silica C (mean pfimary particle size: 16 mu, BET-
specific surface: 130 m?/qg), the ultra-fine anhydrous silica
D (mean primary particle size: 7 mu, BET-specific surface:
380 m? /g) and the ultra-fine anhydrous silica E (ultra-fine
silica having a mean primary particle size of 30 nwtaﬁd a
BET—Specific surface of 80 m?/g + circa 1% Al,O,) were used
respectively in spite of the ultra-fine anhydrous silica A.

As seen from the Table 3 of these test results, varijious
ultra-fine anhydrous silicas are suitable for this invention

independent of specific surface values.

— 21—
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[Examples 9, 10 and 11]

The recording sheets of Examples 9, 10 and 11 were
obtained in the same manner as in Example 1 except that a
coating amount of 1 g/m?, 3 g/m?® or 7 g/m? (solid content)
was used instead of a coating amount of 2 g/m?.

From Table 4 of these test results, the recording
sheets of this invention can be obtained by adjusting a
mixing ratio of binder to cationic polymer or of ultra-fine
anhydrous silica to cationic polymer, even 1in a coating
amount of less than 10 g/m?, that is, i1n the coating range

for obtaining a paper-like figure
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[Comparative Examples 12, 13 and 14]

(1)

(2)

(3)

100 parts of LBKP having a freeness of 300 ml were used
as a pulp for the substrate. 15 parts of a filler
(calcite-group precipitated calcium carbonate, spindle
shape, 50% mean particle size: 4.1 um, BET-specific
surface area: 5 m?/q), 1 part of cationic starch and
0.2 part of a sizing agent (alkylene ketene dimer,
concentration: 15.5%, viscosity: 80 c.p.) were added
thereto; A sheet was manufactured by using a paper-
making machine. Further, a substrate (1) weighting 64
g/m* was manufactured by coating a 8% aqueous solution
of oxidized starch in a coating amount of 1.5 g/m? on
the obtained sheet.

100 parts of LBKP having a freeness of 350 ml were used
as a pulp for the substrate.. 10 parts of kaolin
(filler) (kaolinite-group, spherical aggregate, mean
primary particle size: 0.1 u, specific gravity: 2.2),
0.15 part of fortified rosin sizing agent (Coropal*CS,
manufactured by Seiko Kagaku Kogyo Co.) and 1 part of
aluminum sulfate were added thereto. A sheet was
manufactured by using a paper-making machine. A
substrate (2) weighting 64 g/m? was manufactured by
coating a 8% aqueous solution of oxidized starch in a
coating amount of 1.5 g/m? on the obtained sheet.

100 parts of LBKP having a freeness of 350 ml were used

~25-
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as a pulp for the substrate. 10 parts of calcite-group

natural (ground) calcium carbonate (amorphous, 50% mean

particle size: 4.6 pm, BET-specific area: 3.4 m2?/g) and

0.02 part of cationic polyamide (retention-aid),

viscosity: 590 c.p. at 0.5% consistency) were added

thereto to prepare a stuff.

A substrate (3) was manufactured from the obtained

stuff by using a paper-making machine.

Recording sheets of Examples 12, 13 and 14 were
obtained by applying a coating material in the same manner
as 1n Example 3 on each of the above substrates (1) (2) and
(3) .

From Table 5 which indicates the test results of the
recording sheets, the substrates manufactured in acidic
medium or in a neutral medium are used as the substrate of

this invention.
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[Examples 15 and 16]

The recording sheets of Examples 15 and 16 were
obtained in the same manner as in Example 1 except that

cationic polymer B, or C was used instead of a cationic

polymer (A) in Example 1.

Cationic polymer B: Polymer of f-methacryloyl oxyethyl

trimethyl ammonium chloride

CH,
!
o (CHz "(l:") n
C=0 CH
| Y
O‘ CHz CHZ— *i"'CHg Cl*

CH,
(Molecular weight: 28, 000)
Cationic polymer C: methyl glycol chitosan
(n=400 and more)
From Table 6 indicating the test results, various

cationic polymers can fit the purpose of this invention.

_ 28_.,.,
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Table 6

Example 1 | Example lSTExample 16
i | e 7 _
Ultra-fine silica A 100 100 100
|
Ink re- | Polyvinyl alcohol 10 10 10
ceptive | Cationic polymer A 10
layer ’ B 10
. C | 10
; 4 f
Record- | Density of dots 5.42 5.50 5.62
1ng pro-
perties | Ozone-resistance 7% 8.8 9.5 9.9
— , 1 : 4 } —_—
Paper Surface strength | A A A
property !

A: Polydimethyldiallyl quaternary ammonium salt
(Molecular weight: circa 120,000)

CH,

B: —CHZ—(:Z-
C-0 CH,
6—CH2- CH,N*CH, Cl-

CH?3
(Molecular weight: circa 280,000)

C: Methyl glycol chitosan
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Comparative Examples 7, 8 and 9]

100 parts of LBKP having 300 Freeness (CSF) as a pulp
stuff, 25 parts of ultra-fine anhydrous silica (meén'primary
particle size: 12 nm, BET-specific surface area: 200 g/m?),
parts of a cationic polymer (polydimethyldiallyl quaternary
ammonium salt, average molecular weight: 120,000), 0.15 part
of fortified rosin sizing agent (CoropaI*CS, manufaétured by
Seiko Chemical Co.) and 1 part of aluminum sulfate were
mixed. A base sheet having a weight of 64 g/m? was produced
from the mixed stuff by a paper machine,.and then it is
treated by a supercalender to obtain a recording sheet of
Comparative Example 7.

Further, a recording sheet of Comparative Example 8 was
obtained in the same manner as in Comparative Example 7,
except for using 50 parts of ultra-fine silica A instead of
2> parts of ultra-fine silica A in Comparative Example 7.

Furthermore, a recording sheet of Comparative Example 9
was obtained by coating on the recording sheet of
Comparative Example 8 or 6% aqueous solution of polyvinyl
alcohol (saponification value: 99% and more, average
polymerization degree: 1700) with subsequent drying and
supercalender-treating, wherein the aqueous solution of
polyvinyl alcohol was coated onto the base sheet in a
coating amount of circa 2 g/m? (as solid content) by a meyer

bar.

-30-
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From Table 7 indicating the test results, the effects
of this invention were not obtained by using a substrate
comprising both an ultra-fine anhydrous silica and a
cationic polymer, or by using the above substrate having
thereon a coating layer containing a polyvinyl alcohol

binder.

_31_._
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Table 7
Compar - Compar- ‘lComparm |
Example 1 | ative | ative ative
| Example 7 | Example 8 | Example 9
I R ] - R ] - | ] "
LBKP 100 100 | 100 100
Kaolin 10
Sub- Ultra-fine silica A 25 50 50
strate Fortified rosin sizing agent 0.15 1 0.15 | 0.15 0.15
Aluminum sulfate ] ] | ]
Cationic polymer 10 10 10
e e e e e e mm —_ —_ - — I —- — _— ﬂ
Ink re- | Ultra-fine silica A 100
ceptive | Polyvinyl alcohol 10 100
layer Cationic polymer A 10
Record- | Density of dots 5.42 4.70 Lh.72 Lh.87
ing pro-
perties | Ozone-resistance 8.8 12.5 9.5 8.9
vaper Surface strength A | C C B
property |
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The evaluated quantities of Tables 1 - 7 were tested as

follows.

(1)

(2)

Color density of dots

Dots are printed on a recording sheet with four
color-inks (black, cyan, magenta and yellow) at a
certain distance, by the use of sharp color-image
printer 10 - 700. The optical density of each dot 1is
measured by using a microdensitometer (PDM 5B- BR"
manufactured by KONISHIROKU PHOTO IND. CO., LTD.),
wherein the test conditions is as follows:

an integrated magnification: 20, a slit breadth:
2.5 um, slit height: 25 um, stage velocity: 25 um/sec.
The respective density of the four colors is summed up,
and given in Tables. The recording sheet having a
total density of 5 and more is evaluated as "good".
Preservability (Ozone-resistance)

A recording sheet is printed with black ink used
for an Canon”ink jet printer PJ-1080A by using a
Bristow equipment (contact time: 0.01 sec., ink amount:
circa 20 ml/m2?). The printed sheet is charged into a
desiccator having 20 ml volume. Ozone of 0.0003 g/min.
from ozone-generator IOP-O?manufactured by Simon Co.),
together with a certain amount of air, is passed

through this desiccator.

After ozone treatment during 10 min., the color-

*Trade-mark

-33-

71142-12




2007373

difference of the printed portion is measured before
and after the ozone treatment. The fading percentage
is calculated by the following formula, whereby ozone-
resistance is evaluated.

The recording sheet having a fading percentage of
10 and less is evaluated as "good".

Color-difference between unprinted and prihted
portions before ozone-treatment: D,

Color-difference between unprinted and printed
portions after ozone-treatment: D,

Ozone-resistance (Fading percentage) : Dg

DS Dl /DO X 100%

Light resistance

A recording sheet 1s printed with magenta 1nk by
using a Bristow equipment (contact time: 0.01 sec., 1ink
amount: circa 20 ml/m?). The printed sheet is treated
with fading equipment {(Model BH, use of carbon arc
lamp, manufactured by Toyo Seiki Co.) for 40 hours.
The color-difference of the printed portions before and
after the treatment is measured. Fading percentage 1s
calculated by the following formula, wherein the light
resistance 1s evaluated. The recording sheet having a
light resistance of 10 and less is evaluated as "good".

Color-difference between unprinted and printed

portions: F,

—_ 34_...
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Color-difference of the printed portions before
and after the fading-treatment: Fg
Light resistance (Fading percentage): Fg

-
Fg = FUX 100%

(4) Surface strength
A cellophane-tape of 15 cm length is uniformly
adhered onto a recording sheet by applying a constant
pressure. After 15 minutes, the tape is peeled off
from the sheet with a certain velocity. The peeled
state i1s evaluated by eyes as follows.
A: the coating material of the recording sheet 1is
hardly observed on the tape.
B: the coating material of the recording sheet 1is
observed on some surface of the tape.
C: the coating material of the recording sheet 1is
observed on the whole surface of the tape.
The recording sheet having "A" and "B" is

evaluated as "good".

As described above, the application of the coating
material (ink-receptive layer) comprising both an ultra-fine

anhydrous silica and a cationic polymer on a substrate

— 35___
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provides a recording sheet which exhibits an uniform image
quality, a high recording density, a good multi-color
recording property and a slight fading of the image by
ox1dlizing gases, under maintaining the paper-like figure and
feeling.

Further, the recording sheet of this invention is
economically advantageous owing to a small amount of the

coating material for obtaining the above features.

- 36—
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CLAIMS:

1. An ink jet recording sheet for providing an image by
the use of aqueous ink containing a water-soluble dye, which

comprises:
a substrate, and

on the substrate, an ink-receptive layer comprising

both ultra-fine anhydrous silica and a cationic polymer,

wherein the ink-receptive layer has a welight of at

most 10 g/m°.

2 . The ink jet recording sheet according to claim 1,
wherein the ultra-fine anhydrous silica is amorphous silica
having a high Si0O, content and no internal surface, and being 1in

the form of an aggregate of spherical particles having a mean

primary particle size of 7 - 40 mpu.

3. The ink jet recording sheet according to claim 1 or
2, wherein the cationic polymer is at least one polymer
selected from the group consisting of polyethyleneimilne,
polydimethyldiallyl ammonium chloride, polyalkylene-polyamine
dicyandiamide ammonium condensate, polyvinylpyridinium halide,
polymers of (meth)acryloyl oxyalkyl quaternary ammonium salt,
polymers of (meth)acrylamide alkyl quaternary ammonium salts,
w-chloro-poly (oxyethylene-polymethylene-alkyl quaternary
ammonium salts), methylglycol chitosan and polyvinyl benzyl

trimethyl ammonium salt.

4 . The ink jet recording sheet according to claim 1 or
2. wherein the cationic polymer i1s at least one polymer
selected from the group consisting of polydimethyldiallyl
ammonium chloride, polymers of (meth)acryloyl oxyalkyl
gquaternary ammonium salt, polymers of (meth)acrylamide alkyl

quaternary ammonium salt, w-chloro-poly (oxyoethylene-
_3'7_
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polymethylene-alkyl quaternary ammonium salts) and methylglycol

chitosan.

5. The ink jet recording sheet according to claim 1 or
2 wherein the cationic polymer is polydimethyldiallyl ammonium

chloride; and the ink-receptive layer has a weight of 1 to 7

g/m*.

6 . The ink jet recording sheet according to any one of
claims 1 to 5, wherein the cationic polymer is contalined 1n an

amount of 0.2 - 20 weight-parts, based on 100 weight-parts of

the ultra-fine anhydrous silica.

7. The ink jet recording sheet according to any one of
claims 1 to 6, wherein the ink receptive layer further

comprises a water-soluble binder having no reactivity with the

cationic polymer.

8 . The ink jet recording sheet according to any one of

claims 1 to 7, wherein the ink-receptive layer is obtalned by

means of a coating.

- 38 -
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9. The ink jet recording sheet according to any one of
claims 1 to 7, wherein the ink-receptive layer 1s obtained by

means of an impregnation.

10. An ink ijJet recording sheet for producing an image by
the use of an aqueous 1nk containing a water-soluble dye,
which comprises:

a substrate having voids of a size appropriate as a good
ink absorbent material, and

an ink-receptive laver coated on the substrate, the ink-
receptive layer comprising:

(1) ultra-fine anhydrous amorphous silica having a high
S10, content and no internal surface and beilng 1n the form of
an aggregate of spherical particles having a mean primary
particle size of 7 - 40 um,

(2) a cationic polymer 1in an amount of 0.2 to 20 parts
by welght per 100 parts by welght of the ultra-fine anhydrous
amorphous silica, and

(3) from O to 2 parts by welight (per part by weight of
the cationic polymer) of a water-soluble binder having no

reactivity with the cationic polymer.

11. The ink Jet recording sheet according to claim 10,
wherein the substrate 1s a sheet of paper; and the 1ink-

receptive layer has a welght of up to 10 g/mz.

-39-
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12. The ink Jet recording sheet according to claim 10 or
11, wherein the cationic polymer 1is polydimethyldiallyl

ammonium chloride.

13. The 1ink Jjet recording sheet according to claim 10 or
11, wherein the cationic polymer is a polymer of

(meth)acryloyl oxyalkyl quaternary ammonium salt.

14. The 1nk Jjet recording sheet according to claim 10 or
11, wherein the cationic polymer is a polymer of

(meth)acrylamide alkyl quaternary ammonium salt.

15. The ink Jet recording sheet according to claim 10 or
11, wherein the cationilic polymer 1s e-chloro-poly

(oxyethylene-polymethylene-alkyl quaternary ammonium salts).

16. The ink Jjet recording sheet according to claim 10 or

11, wherein the cationlc polymer 1s methylglycol chitosan.

17. The ink jet recording sheet according to any one of
claims 10 to 16, whereln the 1ink-receptive layer contains up
to 2 parts by welght (per part by weight of the cationic

polymer) of polyvinvyl alcohol as the water-soluble binder.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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