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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ink jet recording sheet, more particularly an ink jet recording sheet com-
prising a substrate made of paper composed mainly of natural pulp and an ink-receiving layer formed on the substrate,
which permits formation of images of high quality by an ink jet recording method using aqueous ink, has slight waviness
after recording, and has excellent characteristics.

[0002] Theink jetrecording method performs recording of letters orimages by allowing ink droplets ejected by various
working principles to deposit on a recording sheet such as paper. The ink jet recording has such favorable features
that it makes high-speed recording possible, that it produces little noise, that it can easily perform multi-color recording,
that there is no limitation as to kind of patterns, and that it requires no developing-fixing. Thus, the ink jet recording is
rapidly becoming widespread as devices for recording various characters including kanji and color images. Further-
more, the images formed by the multi-color ink jet recording method are by no means inferior to those printed by a
multi-color press or those obtained by a color-photography. Besides, use of the ink jet recording extends to a field of
full-color image recording where the number of copies is not so large, since it entails less costs per copy than employ-
ment of the photographic process.

[0003] In order that woodfree papers or coated papers for ordinary printing or writing can be used as the recording
sheets for ink jet recording, efforts have been made to improve printer hardwares or ink composition. However, im-
provements in the recording sheets have come to be required increasingly in order to go side by side with developments
in printer hardwares, such as ever increasing speed, development of ever finer definition and images of full color. That
is, the recording sheets are required to have the following properties: the image density of printed ink dots is high and
their hue characteristics are bright and appealing; the ink absorbing speed is so high that the ink applied does not
bleed or spread even if the recorded dots are put over additionally; the diffusion of the recorded dots in the plane
direction is not greater than needed and the circumference of dots is sharp and demarcating; and the quality of images
is not changed with time or by circumstances, for example, the recording sheets are excellent in light resistance, water
resistance, ozone resistance, etc.

[0004] For satisfying these requirements, several proposals have been put forward. For improving the ink absorption
and preventing the diffusion of the recorded dots, there have been proposed, for example, methods comprising for-
mation of an ink-receiving layer on a support (Japanese Patent Kokai Nos. 52-9074 and 58-72495, etc.) and a method
using a specific agent capable of adsorbing a dye component, as a result of paying attention to the fact that the distri-
bution of the dye component of ink in an ink-receiving layer affects the hue characteristics and sharpness of images
(Japanese Patent Kokai No. 55-144172). For improving the light resistance, water resistance, ozone resistance, etc.,
there have been disclosed incorporation of a basic oligomer (Japanese Patent Kokai No. 60-11389), employment of
a polyvinylamine copolymer in a base or a coat layer on the base (Japanese Patent Kokai No. 64-8085), etc. The
requirements as to such characteristics, however, are becoming more difficult and severer.

[0005] On the other hand, ink jet printers have become inexpensive and have come to permit easy formation of
images excellent in image reproducibility and color reproducibility, for example, sharpness and hue characteristics
even by means of a personal computer. Accordingly, the ink jet printers have changed to generally used recording
devices from special recording devices used by special persons. Since they can give images equal in quality to those
of printed matters and photographs, they have come to be used also as printers for personally produced picture post-
cards or digital photographs. In this case, the same texture and feel as those of the picture postcards or photographic
prints have come to be required. Moreover, when the ink jet printers are used for such a purpose, a large amount of
ink is used, resulting in causing the following problem: a recording sheet after the recording has waviness due to a
solvent contained in the ink which has reached the base paper of the sheet, so that the resulting print is not attractive.
Therefore, the assurance of the characteristics described above is a requisite of an ink jet printer and an ink jet recording
sheet.

[0006] With diversification of uses of ink jet recording sheets, they have come to be used as posters or POP arts. In
addition, they have come to be used also as labels such as labels for price marking, labels for commodity indication
(bar codes), labels for quality indication, labels for weight indication, labels (stickers) for advertisement, etc. by forming
an adhesive layer on the reverse side of the sheet. Furthermore, since these ink jet recording labels adhere sufficiently
to various adherends and hence are easy to attach, they can be attached to, for example, sheets with heat-sensitive
properties, magnetic properties and offset printability through an adhesive layer to impart combined functions thereto.
Therefore, their employment in railroad tickets, commutation tickets, various cards, etc. is becoming widespread.
[0007] Inks are classified into solvent-based inks and aqueous inks. The aqueous inks are more than the solvent-
based inks because of their price, safety, ease of handling, etc. However, owing to the above-mentioned diversification
of uses of ink jet recording sheets, the aqueous inks involve important problems such as the prevention of bleeding of
the ink caused by the contact of water to a printed surface, and the reduction of waviness of the sheet caused by water
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which has reached the base paper. No sufficient measure to counter these problems, however, is taken, and the prob-
lems are especially important and have to be promptly solved in ink jet recording sheets obtained by using as their
medium a support composed mainly of natural pulp having a function as an ink absorber.

[0008] Ink jet recording sheets can be roughly classified according to their form into those of plain paper type rep-
resented by so-called fine papers-bond papers and those of coated type which comprise a support such as paper (e.
g. fine paper), synthetic paper or synthetic resin film and an ink-receiving layer provided on the support. In the case of
the ink jet recording sheets of coated type, various characteristics of the ink-receiving layer formed by coating directly
affect the printing quality. Accordingly, there have been investigated the specific surface area and particle shape of
pigments in view of absorption capacity; the transparency and refractive index of pigments in view of hue characteristics
and color reproducibility; and coating layer structure, surface profile, etc. in view of quality of image. In addition, for
reducing the waviness of the sheets after printing, there have been investigated the underwater elongation of the sheets
as disclosed in Japanese Patent Kokai Nos. 3-38376, 3-133687, 3-199081 and 8-300809, their incorporation with
synthetic fiber or glass fiber, a coating method, etc.

[0009] US 5,619,241 relates to ink-jet printing paper suited for obtaining a high quality image free from the mixed
color running of ink and the like, in performing multi-color ink-jet printing by use of water color ink, and an ink-jet printing
method using the same printing paper. The printing paper is mainly formed of wood pulp mixed with glass fiber, synthetic
fiber and the like. Furthermore, a so-called paint is applied on at least one side of the surface of the paper.

[0010] US 5,616,409 relates to an ink-jet recording medium comprising a coating formed on at least one surface of
the substrate, characterized in that said substrate has an apparent density of 0.6 to less than 0.75 g/cm?3 and a Steckigt
sizing degree of 2 to 18 seconds and the coating is formed by applying a coating agent containing a white pigment, of
which the BET specific surface is 100 to 400 m2/g at a rate in the range of 2 to 10 g/m2. The paper revealed is made
from hardwood bleached kraft pulp coated with saponified polyvinyl alcohol and water color cationic polymer.

[0011] US 5, 589,259 relates to an ink-jet recording paper and, in particular, to a recording paper suitable for color
ink-jet recording with an aqueous ink. The paper disclosed is made from Laubholz Bleaching Kraft Pulp in combination
with Nadelholz Bleaching Kraft Pulp and additionally having a coating layer.

[0012] JP-A-06 278 358 relates to transfer sheets which contain a neutral rosin sizing material and a size press
solution preferably consisting of polyacrylamide resin aqueous solution.

[0013] JP-A-61 047 291 is concerned with a heat-sensitive recording method. The density of the used transfer sheet
is 1.25 g/lcm3. The reason for the high density of the heat-sensitive recording sheet is the necessity of thermal con-
ductivity of the heat-sensitive recording sheet for transferring the dye. When the heat-sensitive recording sheet has a
low density, dye transfer properties are deteriorated due to heat insulation of air in the substrate.

[0014] JP-A-08 258 399 relates to a transfer sheet which is used for both ink-jet recording and electrophotography
but does not have an ink-receiving layer. Incidentally, it has been found that in an ink-jet recording method using an
aqueous ink to which a direct dye is added if the IP Cobb sizing degree is 10 g/m? or less the bronzing phenomenon
of a printing portion becomes remarkable and desired effects cannot be expected.

[0015] JP-A-61 237 689 is concerned with heat-sensitive recording papers. This document teaches that the smaller
the Cobb sizing degree specified therein is, the less the smoothness of the surface in the step of coating the heat-
sensitive composition deteriorates and the higher the color recording density becomes. However, when the Cobb sizing
is reduced, a large amount of sizing agent is required resulting in increase of stain caused in the paper making process,
and moreover, resulting in increase of costs.

[0016] JP-A-06 278 358 relates to a paper for ink-jet and electrophotographic recording usable for both the ink-jet
recording method and the electrophotographic recording method, which paper has no aqueous ink-receptive coat layer
containing a pigment. It has been found that printing properties are optimized by specifying the Cobb sizing degree to
13+2 g/m2,

SUMMARY OF THE INVENTION

[0017] The present invention is intended to provide an ink jet recording sheet which can give high-quality ink jet
images excellent in hue characteristics and sharpness and is attractive with slight waviness after image recording when
the sheet is used in an ink jet recording method using aqueous ink. The present invention is also intended to provide
an ink jet recording sheet which is excellent in the coating properties of a coating solution for the ink-receiving layer,
is free from nonuniformity of coating of the ink-receiving layer, and has a warm feel like paper.

[0018] In order to attain the above-mentioned performance characteristics, i.e., good printing quality and reduced
waviness of a recording sheet after image recording, the present inventors earnestly investigated and consequently
succeeded in preventing the waviness of an ink jet recording sheet after image recording by forming an ink-receiving
layer on a paper substrate having a density higher than that of ordinary coated base paper or fine paper. In addition,
the presentinventors found that an ink jet recording sheet which is excellentinimage sharpness and free from waviness
after recording can be obtained by forming an ink-receiving layer on a paper substrate having a water absorption in a
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specific range. Since various characteristics of the formed ink-receiving layer largely depend on the paper substrate,
the present inventors considered that the improvement of smoothness of the paper substrate is the most preferable
means for obtaining a uniform ink-receiving layer. Thus, the present inventors have invented an ink jet recording sheet
which is excellent in the coating properties of a coating solution for its ink-receiving layer, is free from nonuniformity of
coating of the ink-receiving layer, is excellent in image sharpness, gives high-quality ink jet images, and has a warm
feel like paper.

[0019] Thatis, the first aspect of the present invention is directed to an ink jet recording sheet comprising a substrate
made of paper composed mainly of natural pulp and an ink-receiving layer coated on at least one side of the substrate,
wherein the ink-receiving layer is formed on the substrate having a density of sheet of 1.01 g/cm3 or more as measured
by the method prescribed in JIS P8118. The first aspect of the present invention is also directed to an ink jet recording
sheet comprising a substrate made of paper composed mainly of natural pulp and an ink-receiving layer coated on at
least one side of the substrate, wherein the ink-receiving layer is formed on the substrate having a Cobb sizing degree
of 2.0 g/m2 to 13.0 g/m2 as measured by the water absorption test by Cobb sizing degree method prescribed in JIS
P8140. Furthermore, the second aspect of the present invention is directed to an ink jet recording sheet comprising a
substrate made of paper composed mainly of natural pulp and an ink-receiving layer coated on at least one side of the
substrate, wherein the substrate according to Claim 1 has an unevenness in thickness in machine direction specified
hereinafter (Rpy) (hereinafter referred to as unevenness index) of 150 mV or less and a center plane average roughness
in machine direction in the whole wavelength region (SRa) of 1.6 um or less as measured with a tracer type three-
dimensional surface roughness meter.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The ink jet recording sheets of the present invention are explained below in detail.

[0021] The ink jet recording sheet according to the first aspect of the invention comprises a substrate made of paper
composed mainly of natural pulp and an ink-receiving layer coated on at least one side of the substrate, said paper
having a density of sheet of 1.01 g/cm3 or more as measured by the method prescribed in JIS P8118 and Cobb sizing
degree according to Claim 1.

[0022] The substrate used in the first aspect of the invention has a density of sheet of 1.01 g/cm3 or more, preferably
1.03 g/cm3 or more, more preferably 1.05 g/cm3 or more. Investigation by the present inventors made it clear that
specifically, the substrate having a density of sheet of 1.01 g/cm3 or more can be obtained by adopting any of, preferably
a combination of two or more of, the following methods (1) to (6).

(1) As the natural pulp used, hardwood pulp composed of short fibers and suited for producing paper with smooth
surface is used in a higher proportion. Specifically, for example, the hardwood pulp described or exemplified in
Japanese Patent Kokai No. 60-69649 is used in a proportion of 60% by weight or more, preferably 75% by weight
or more, based on the weight of a pulp mixture to be used.

(2) As to pulp beating conditions, pulp is beaten with a beater so that the content of long fibers may be as low as
possible. The term "beating" referred to in the present specification denotes mechanical treatments to pulp wherein
pulp slurry is passed through a relatively narrow clearance between a rotating rotor and a stationary stator. For
example, "beating" includes a method wherein pulp slurry is treated in a batch system by use of a Hollander beater
ordinarily used, and a refining treatment wherein a pulp slurry is passed through one refiner, or alternatively, several
refiners which are arranged in series or parallel. Specifically, the pulp is beaten so that the weighted average fiber
length may be 0.40 mm to 0.85 mm, preferably 0.45 mm to 0.75 mm, more preferably 0.45 mm to 0.70 mm, as
measured according to JAPAN TAPPI Paper Pulp Testing Method No. 52-89 "Fiber Length Testing Method for
Paper and Pulp", that the cummulative weight of fibers with a length of 1 mm or less may be 70% or more, and
that the freeness of the beaten pulp may be 200 to 330 mICSF.

(3) The substrate is made with a Fourdrinier machine so as to have a uniform formation, by applying a suitable
paper making method to a pulp slurry containing additives. Specifically, for example, @) a proper turbulence is
given to the pulp slurry, @ there is used a Fourdrinier machine having a suitable upper dewatering mechanism
such as that described or exemplified in Japanese Patent Kokai No. 61-284762, and 3 as pressing in the wet
part, multiplaten wet pressing, preferably three-platen or higher-order multiplaten wet pressing is carried out, and
a smoothing roll is provided in the final platen of the pressing part.

(4) Wet re-press is employed in the course of drying wet paper. The term "wet re-press" referred to in the present
specification denotes an apparatus which is provided in a drier zone and presses wet papers in a half dried state.
For example, "wet re-press" includes a breaker stack. Specifically, the wet paper is subjected to multiplaten wet
re-press such as that described or exemplified in Japanese Patent Kokai No. 3-29945.

(5) Any of various water-soluble polymers, hydrophilic colloids or polymer latices may be incorporated into or
applied on the substrate. Specifically, any of various water-soluble polymers, hydrophilic colloids or polymer latices
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may be incorporated into or applied on the substrate in an amount of 1.0 g/m2 or more in terms of solids, for
example, by sizing press, tab-sizing press, blade coating, or air knife coating.

(6) After being made, paper which constitutes the substrate is calendered with a machine calender, a supercal-
ender, a thermal calender or the like. Specifically, the substrate is preferably subjected to, for example, the thermal
calendering described or exemplified in Japanese Patent Kokai No. 60-126397.

[0023] The ink jet recording sheet according to the first aspect of the invention comprises a substrate made of paper
composed mainly of natural pulp and an ink-receiving layer coated on at least one side of the substrate, said paper
having a Cobb sizing degree (at a contact time with pure water of 30 seconds) of 2.0 g/m2 to 13.0 g/m2 as measured
by the water absorption test by Cobb sizing degree method prescribed in JIS P8140.

[0024] The substrate used in the first aspect of the invention has a Cobb sizing degree of 2.0 g/m2 to 13.0 g/m?2,
more preferably 2.0 g/m2 to 11.0 g/m2. When its Cobb sizing degree is less than 1.0 g/m2, the adhesion of the ink-
receiving layer formed on the substrate is undesirably low. When the Cobb sizing degree is more than 15.0 g/m2, the
effect of reducing the waviness after image recording is undesirably not sufficient.

[0025] There are various methods for obtaining the substrate having a Cobb sizing degree of 2.0 g/m2 to 13.0 g/m2
which is used in the present invention. They are roughly divided into the following two groups.

(1) Methods in which the amount of a sizing agent incorporated and the amount of a surface sizing agent applied
are varied in the production of the substrate. In these methods, the penetrability of a liquid into the substrate is
controlled by varying the wettability of pulp fiber in the substrate or on the substrate surface.

(2) Methods in which the void structure of the substrate is changed. The Lucas-Washburn equation is well known
as a model equation expressing the penetration of a liquid into capillaries. This equation shows that the depth of
penetration of the liquid is proportional to time and the square root of radius of the capillary and is inversely pro-
portional to the square root of viscosity of the liquid. That is, another method for achieving the object of the present
invention is a method of reducing the voids of the substrate (the radius of the capillary) by adjusting various paper
making conditions as follows: pulp which can easily be made into denser paper, for example, hardwood pulp
composed of short fibers and suited for producing paper with smooth surface is used in a proportion of 60% by
weight or more, preferably 75% by weight or more, based on the weight of a pulp mixture to be used; pulp beating
conditions are properly chosen; a polymer is added to a pulp slurry; multiplaten wet pressing is employed; a surface
sizing agent or a water-soluble polymer is added in a coating equipment on the route; and after paper making, the
paper is calendered with a machine calender, supercalender, thermal calender or the like.

[0026] The ink jet recording sheet according to the second aspect of the invention comprises a substrate made of
paper composed mainly of natural.pulp and an ink-receiving layer coated on at least one side of the substrate according
to Claim 1, said paper having an unevenness index Rpy of 150 mV or less as measured under the conditions described
hereinafter and a center plane average roughness in machine direction in the whole wavelength region (SRa) of 1.6
um or less as measured with a tracer type three-dimensional surface roughness meter.

[0027] The "unevenness index" (Rpy) referred to in the second aspect of the present invention is defined as follows.
[0028] A sample is let run between a pair of spherical tracers, and by using a film thickness meter which measures
the variation of thickness of the sample as an electrical signal through an electrical micrometer, the variation of thickness
of the sample in the machine direction is measured by scanning the sample in the machine direction at a constant rate
of 1.5 m/min after adjustment of the zero point, under the condition that the sensitive range of the electrical micrometer
is£15 um/£3 V. The hanning window and FFT are applied to the electrical signal by FFT analyzer, followed by averaging
of 128 times of integration, whereby the power spectrum (unit: mV2) is obtained. The obtained power value is integrated
from 2 to 25 Hz, multiplied by 2/3 and then raised to the one-half power. The thus determined value (unit: mV) is the
unevenness index (Rpy).

[0029] Concretely, Rpy is determined as follows. The sample is let run between a pair of spherical tracers, about 5
mm in diameter, with a measuring pressure of about 30 g/stroke, and the viriation of thickness of the sample is measured
by scanning the sample in the machine direction at a constant rate of 0.025 ms™! (1.5 m/min) after adjustment of the
zero point, under the condition of sensitivity range of electrical micrometer of £15 um/x V, by using a film thickness
meter mfd. by Anritsu Corp. which measures the thickness variation as an electrical signal through an electrical mi-
crometer. The power spectrum is obtained by the electrical signal applying hanning window and FFT by the FFT an-
alyzer CF-300 mfd. by Ono Sokki K.K. (input signal AC: £10 mV; sampling at 512 points) in the frequency region of 0
- 50 Hz, and the linear scale power spectrum (unit: mV) is determined by averaging of 128 times of integration. The
square of the linear scale power value in the frequency region of 2 - 25 Hz is integrated and the obtained value is
multiplied by 2/3 and raised to the one-half power. The other frequency analytical conditions follow the initial setting
conditions of the FFT analyzer CF-300.

[0030] The center plane average roughness in machine direction in the whole wavelength region (SRa) measured



10

15

20

25

30

35

40

45

50

55

EP 0 887 199 B1

with a tracer type three-dimensional surface roughness meter in the third aspect of the invention is defined by the
following equation 1:

1 wx Wy

SRa = — j [ |£x, y)|axay (1)

Sa 5 o

wherein Wx is the length of sample surface region in the X-axis direction (the machine direction), Wy is the length of
sample surface region in the Y-axis direction (the direction perpendicular to the machine direction), and Sa is the area
of the sample surface region.

[0031] Concretely, SRa can be determined by using a SE-3AK meter and a SPA-11 analyzer which are manufactured
by Kosaka Laboratory, Ltd., as a tracer type three-dimensional surface roughness meter and a three-dimensional
roughness analyzer, respectively, under the following conditions: cut-off value = 0.8 mm, Wx = 20 mm, Wy = 8 mm,
and hence Sa = 160 mmZ2. Data processing in the X-axis direction is carried out by sampling at 500 points, and scanning
in the Y-axis direction is carried out in 17 lines or more.

[0032] The substrate used in the secondaspect of the invention has an unevenness index Rpy specified above of
150 mV or less, preferably 140 mV or less, more preferably 130 mV or less. Investigation by the present inventors
made it clear that specifically, the substrate having an unevenness index Rpy of 150 mV or less can be obtained by
adopting any of, preferably a combination of two or more of, more preferably a combination of three or more of, most
preferably a combination of four or more of, the methods (1) to (4) and (6) described above as to the first aspect of the
invention.

[0033] In addition, the substrate used in the second aspect of the invention has a center plane average roughness
SRa defined by the equation 1 of 1.6 um or less, preferably 1.4 um or less, more preferably 1.2 um or less. Investigation
by the present inventors made it clear that specifically, the substrate having a center plane average roughness SRa
of 1.6 um or less can be obtained by adopting any of, preferably a combination of two or more of, more preferably a
combination of three of more of, the following methods.

(1) As the natural pulp, sulfite pulp (preferably hardwood sulfite pulp) suitable for producing paper with smooth
surface is used in a high proportion. Specifically, the hardwood sulfite pulp described or exemplified in Japanese
Patent Kokai No. 60-67940 is used in a proportion of 30% by weight or more, preferably 50% by weight or more,
based on the weight of a pulp mixture to be used.

(2) Wet re-press is employed in the course of drying wet paper. Specifically, the wet paper is subjected to multiplaten
wet re-press such as that described or exemplified in Japanese Patent Kokai No. 3-29945.

(3) Any of various water-soluble polymers, hydrophilic colloids or polymer latices may be incorporated into or
applied on the substrate. Specifically, any of various water-soluble polymers, hydrophilic colloids or polymer latices
may be incorporated into or applied on the substrate in an amount of 1.0 g/m2 or more in terms of solids, for
example, by sizing press, tab-sizing press, blade coating, or air knife coating.

(4) After being made, paper which constitutes the substrate is subjected to at least two series of calenderings with
a machine calender, a supercalender, a thermal calender, etc. Specifically, the paper is preferably subjected to,
for example, machine calendering and/or thermal machine calendering as first-series calendering(s), followed by
optionally machine calendering and then the thermal soft calendering described or exemplified in Japanese Patent
Kokai No. 4-110939, as second-series calenderings.

[0034] As the pulp which constitutes the substrate used for carrying out each of the first and second aspects of the
present invention, natural pulp properly selected as described above is advantageously used. As the natural pulp,
there is used wood pulp such as softwood pulp, hardwood pulp or a mixture thereof, which has been subjected to a
conventional bleaching treatment with chlorine, hypochlorite, chlorine dioxide or the like, alkali extraction or alkali treat-
ment, and optionally oxidation bleaching with hydrogen peroxide, oxygen or the like, or a combination of these treat-
ments. Various pulps such as craft pulp, sulfite pulp, soda pulp, etc. can be used.

[0035] Various additives may be incorporated into the substrate used for carrying out the present invention, in the
preparation of a pulp slurry. It is advantageous to incorporate, for example, the following additives in proper combination:
sizing agents such as fatty acids and/or metallic salts of fatty acids, the alkyl ketene dimer emulsion or epoxidized
higher fatty acid amides described or exemplified in Japanese Patent Kokoku No. 62-7534, alkenyl- or alkylsuccinic
anhydride emulsions, rosin derivatives, etc.; dry strength agents such as anionic, cationic or ampholytic polyacrylamide,
polyvinyl alcohols, cationized starch, vegetable galactomannan, etc.; wet strength agents such as polyamine-polya-
mido-epichlohydrin resin, etc.; fillers such as clay, kaolin, calcium carbonate, titanium oxide, etc.; fixing agents such
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as water-soluble aluminum salts (e.g. aluminum chloride and aluminum sulfate), etc.; pH adjustors such as sodium
hydroxide, sodium carbonate, sulfuric acid, etc.; and the color pigments, dyes, fluorescent brighteners and the like,
which are described or exemplified in Japanese Patent Kokai Nos. 63-204251 and 1-266537, etc.

[0036] A composition consisting of any of various water-soluble polymers, hydrophilic colloids or polymer latices, an
antistatic agent and other additives may be incorporated into or applied on the substrate used for carrying out the
present invention, by, for example, sizing press, tab-sizing press, blade coating, or air knife coating. It is advantageous
to incorporate the following in proper combination: water-soluble polymers or hydrophilic colloides, such as the starch-
based polymes described or exemplified in Japanese Patent Kokai No. 1-266537, polyvinyl alcohol-based polymers,
gelatin-based polymers, polyacrylamide-based polymers, cellulose-based polymers, etc.; emulsions and latices, such
as petroleum resin emulsions, emulsions or latices of the copolymers having as components at least ethylene and
acrylic acid (or methacrylic acid) which are described or exemplified in Japanese Patent Kokai Nos. 55-4027 and
1-180538, emulsions or latices of styrene-butadiene, styrene-acryl, vinyl acetate-acryl, ethylene-vinyl acetate and buta-
diene-methyl methacrylate copolymers and their carboxy-modified versions, etc.; antistatic agents such as alkali metal
salts (e.g. sodium chloride and potassium chloride), alkaline earth metal salts (e.g. calcium chloride and barium chlo-
ride), colloidal metal oxides (e.g. colloidal silica), organic antistatic agents (e.g. polystyrene sulfonates), etc.; fillers
such as clay, kaolin, calcium carbonate, talc, barium sulfate, titanium oxide, etc.; pH adjustors such as hydrochloric
acid, phosphoric acid, citric acid, sodium hydroxide; and the above-exemplified color pigments, dyes, fluorescent bright-
eners.

[0037] The thickness of the substrate used for carrying out the present invention is not particularly limited. The basis
weight of the substrate may be properly chosen in the range of 20 to 300 g/m2, preferably 80 to 280 g/m2, more
preferably 100 to 250 g/m2.

[0038] The ink jet recording sheet of the present invention is of a coated type and comprises the above-mentioned
substrate according to Claim 1 and an ink-receiving layer formed thereon. The term "ink-receiving layer" used in the
present specification means, for example, a layer composed mainly of at least one pigment and at least one binder
and having voids into which a solvent contained in ink penetrates and holds or absorbs the solvent, a layer composed
mainly of at least one high-molecular weight substance which dissolves or swells in a solvent contained in ink. Each
of these layers may be composed of a single layer, two or more layers, or a combination of a pigment layer and a
polymer layer without any problem, as the ink-receiving layer used in the present invention.

[0039] When such an ink-receiving layer is formed on the substrate used in the first aspect of the invention, it can
be made uniform. When images are recorded on the ink-receiving layer surface with an ink jet printer, there can be
obtained recording sheet which is excellent in the coloration and sharpness of the recorded images and has no sheet
waviness even after drying of the recorded images.

[0040] Although the reason why no waviness is caused is not apparent, the cause of waviness is guessed as follows:
in general, when water penetrates into a recording sheet, pulp constituting the sheet is swollen and undergoes stress
relaxation, so that local unevenness of the sheet surface caused by re-drying remains. However, it is conjectured that
when paper having a density of sheet of 1.01 g/cm3 or more is prepared as a substrate, there is almost no space
between fibers of pulp, so that the degree of the local unevenness is very low. It is also conjectured that in the case of
a substrate having very low water absorption properties, i.e., a Cobb sizing degree in the range of 2.0 g/m2 to 13.0 g/
m2 like the substrate used in the first aspect of the invention, no waviness is caused because the swelling and stress
relaxation of pulp are very slight, so that the degree of the local unevenness is very low.

[0041] In addition, when the ink-receiving layer is formed on the substrate used in the second aspect of the invention,
it can be made smooth and uniform. In this case, when ink is deposited on the ink-receiving layer surface by means
of anink jet printer, a recorded dot close to a true circle can be obtained because the ink-receiving layer surface formed
by coating is uniform, so that the ink spreads uniformly in the direction of the ink-receiving layer surface. The reason
is guessed as follows: the surplus ink penetrates uniformly in the direction of thickness of the substrate from the ink-
receiving layer surface. On the other hand, when the ink-receiving layer is formed on a substrate having thickness
unevenness and average roughness outside their respective ranges specified in the present invention, the ink-receiving
layer surface tends to have nonuniformity of coating, so that ink spreads in the direction of the recording surface in a
nonuniform proportion. Consequently, a recorded dot unlike a true circle is obtained, and the sharpness of images is
not sufficient because the spread of the ink is different in different places. Moreover, the penetration of the ink into the
substrate becomes irregular, so that the circumference of dots are not sharp, resulting in a deteriorated sharpness of
images.

[0042] In an embodiment of the present invention in which the ink-receiving layer composed mainly of at least one
pigment and at least one binder is used, the pigment may be any conventional pigment. The pigment includes, for
example, inorganic or organic pigments such as silicas (e.g. colloidal silica and amorphous silica), aluminas or alumina
hydrates (e.g. alumina sol, colloidal alumina, cationic aluminium oxide or hydtates thereof, and pseudo-boehmite),
aluminum silicate, magnesium silicate, magnesium carbonate, light calcium carbonate, heavy calcium carbonate, ka-
olin, talc, calcium sulfate, barium sulfate, titanium dioxide, zinc oxide, zinc sulfide, zinc carbonate, satin white, diatom-
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aceous earth, calcium silicate, aluminum hydroxide, lithopone, zeolite, hydrated halloysite, magnesium hydroxide, sty-
rene plastic pigments, acrylic plastic pigments, polyethylenes, microcapsules, urea resins, melamine resins, etc.
[0043] Oftheinorganic pigments exemplified above, porous inorganic pigments such as porous synthetic amorphous
silica, porous magnesium carbonate, porous alumina, etc. are preferable. In particular, there can be preferably used
porous synthetic amorphous silica or porous alumina hydrate, which has a large capacity of pore. Non-porous inorganic
pigments can also be used as the pigment for the ink-receiving layer used in the present invention because particles
of the non-porous inorganic pigment are aggregated during preparation of a coating solution and further aggregated
during coating and drying to form a porous coating surface. The porous inorganic pigments and the non-porous inor-
ganic pigments may be used at the same time without any problem.

[0044] The binder includes, for example, polyvinyl alcohols and derivatives thereof, polyvinyl acetates, oxidized
starch, etherified starch, cellulose derivatives (e.g. carboxymethyl cellulose and hydroxyethyl cellulose), casein, gelatin,
soybean protein, silyl-modified polyvinyl alcohols, maleic anhydride resins, latices of conjugated diene type copolymers
(e.g. styrene-butadiene copolymers and methyl methacrylate-butadiene copolymers), latices of acrylic polymers (e.g.
polymers or copolymers of acrylic esters and methacrylic esters, and polymers or copolymers of acrylic acid and meth-
acrylic acid), latices of vinyl copolymers (e.g. ethylene-vinyl acetate copolymers), latices of functional group-modified
polymers obtained by modifying any of the above various polymers by the use of a monomer containing the functional
group such as carboxyl group, aqueous binders of thermosetting synthetic resins (e.g. melamine resins and urea
resins), and synthetic resin binders (e.g. polymethyl methacrylates, polyurethane resins, unsaturated polyester resins,
vinyl chloride-vinyl acetate copolymers, polyvinyl butyrals, and alkyd resins). These binders may be used singly or as
a mixture thereof. For dye fixing, conventional cationic resins may be used in combination with the binders.

[0045] The total amount of the binder(s) used can be properly adjusted depending on characteristics of a desired
ink jet recording sheet. It is usually 5 to 60 parts by weight per 100 parts by weight of the pigment(s). In addition, the
ink-receiving layer may properly contain other additives such as pigment dispersants, thickening agents, fludity im-
provers, defoaming agents, foam-inhibitors, mold release agents, foaming agents, penetrating agents, color pigments,
dyes, fluorescent brighteners, ultraviolet absorbers, antioxidants, antiseptics, mildew-proofing agents, waterproofing
agents, wet strength agents, dry strength agents, etc.

[0046] Inanother embodiment of the presentinvention in which there is used the ink-receiving layer composed mainly
of at least one high-molecular weight substance which dissolves or swells in a solvent contained in ink, the high-
molecular weight substance includes, for example, polyvinyl alcohols, polyvinyl acetates, oxidized starch, etherified
starch, gelatin and its derivatives, cellulose derivatives (e.g. carboxymethyl cellulose and hydroxyethyl cellulose), var-
ious ink-absorbing polymers (e.g. polyvinyl pyrrolidones, polyethylene oxides, acrylic polymers, and vinyl acetal poly-
mers), etc. These high-molecular weight substances may be used singly or as a mixture thereof. A multilayer structure
containing the high-molecular weight substances may also be used as the ink-receiving layer used in the present
invention.

[0047] For forming the ink-receiving layer by coating, various coating equipments such as blade coater, roll coater,
air-knife coater, bar coater, rod coater, gate roll coater, curtain coater, short-dwell coater, gravure coater, flexo-gravure
coater, sizing press, slide hopper type equipments, etc. can be used in on-machine or off-machine coating.

[0048] After the coating, finishing may be carried out with a calender such as a machine calender, thermal calender,
supercalender, soft calender or the like.

[0049] Although the thickness of the ink-receiving layer is not particularly limited, the coating amount is preferably
0.5 g/m2 to 60 g/m?2.

[0050] On the side of substrate used in the present invention which is reverse to the ink-receiving layer side, various
back coat layers may be formed in order to improve the antistatic properties, sheet feed ability, curl-preventing prop-
erties, writability, starchability, etc. The back coat layers may contain a proper combination of inorganic antistatic agents,
organic antistatic agents, hydrophilic binders, latices, hardening agents, pigments, lubricants, matting agents, sur-
factants, etc.

[0051] The ink referred to in the present specification is a recording liquid comprising at least one coloring agent, at
least one liquid medium and other additives. The coloring agent includes, for example, water-soluble dyes and disperse
dyes, such as direct dyes, acid dyes, basic dyes, reactive dyes, food dyes, etc.; color pigments; and carbon black.
[0052] The solvent in the ink includes, for example, water and water-soluble various organic solvents, e.g., alkyl
alcohols having 1 to 4 carbon atoms, such as methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, tert-
butanol, isobutanol, etc.; amides such as dimethylformamide, dimethylacetamide, etc.; ketones or ketone alcohols,
such as acetone, diacetone alcohols, etc.; ethers such as tetrahydrofuran, dioxane, etc.; polyalkylene glycols such as
polyethylene glycols, polypropylene glycols, etc.: alkylene glycols having 2 to 6 alkylene groups, such as ethylene
glycol, propylene glycol, butylene glycol, triethylene glycol, 1,2,6-hexanetriol, thiodiglycol, hexylene glycol, diethylene
glycol, etc.; and glycerol, lower alkyl ethers of polyhydric alcohols (e.g. ethylene glycol methyl ether, diethylene glycol
methyl (or ethyl) ether, and triethylene glycol monomethyl ether), etc. Of these various water-soluble organic solvents,
polyhydric alcohol (e.g. diethylene glycol) and lower alkyl ethers of polyhydric alcohols (e.g. triethylene glycol mono-
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methyl ether and triethylene glycol monoethyl ether) are preferable. The other additives include, for example, pH ad-
justors, sequestering agents, mildew-proofing agents, viscosity adjustors, surface tension adjustors, wetting agents,
surfactants, and rust preventives.

[0053] The ink jet recording sheet of the present invention can be used not only as an ink jet recording sheet for
aqueous ink but also as any recording sheet for ink which is liquid at the time of recording. Such a recording sheet
includes, for example, receiving sheets for heat transfer recording which are used by heating an ink-coated sheet
obtained by applying heat-meltable ink composed mainly of, for example, a heat-meltable substance and a dye or
pigment on a thin support (e.g. a resin film, high-density paper, or synthetic paper), from the backside to melt and
transfer the ink; ink jet recording sheets for performing recording by heat-melting heat-meltable ink into droplets and
ejecting the droplets; ink jet recording sheets for ink obtained by dissolving an oil-soluble dye in a solvent; ink jet
recording sheets for ink obtained by dispersing a color pigment in an organic solvent; and image-receiving sheets
suitable for light-sensitive and pressure-sensitive donor sheets obtained by using microcapsules containing a photopo-
lymerizable monomer and a coloress or color dye or pigment.

[0054] A pointcommon to these recording sheets is that ink is liquid at the time of recording. The liquid ink penetrates
or diffuses into the ink-receiving layer of the recording sheet in the direction of depth or the horizontal direction before
hardening, solidification or fixing. The above-exemplified various recording sheets are required to have absorbing
properties suitable for each method, and the ink jet recording sheet of the present invention may be used as any of
the above-exemplified various recording sheets without any limitation. Furthermore, the ink jet recording sheet of the
present invention may be used as a recording sheet for heating and fixing a toner for electrophotographic recording
which is widely used in copying machines, printers, etc.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0055] The presentinvention is illustrated with reference to the following examples, which should not be construed
as limiting the scope of the invention. In the examples, parts and percents are all by parts unless otherwise specified.

Examples 1 to 5 (not according to the invention)

[0056] Mixed pulp consisting of 85% by weight of hardwood bleached kraft pulp and 15% by weight of softwood
bleached sulfite pulp was beaten to each degree of beating shown in Table 1. A pulp slurry was prepared by adding 3
parts by weight of cationized starch, 0.2 part by weight of anionized polyacrylamide, 0.4 part by weight (in terms of
ketene dimer) of an alkylketene dimer emulsion, and 0.4 part by weight of a polyamido-epichlorohydrin resin to 100
parts by weight of the beaten mixed pulp. The pulp slurry was formed into a web with a Fourdrinier machine, and the
web was subjected to three-platen wet pressing and then treatment with a smoothing roll in the wet part, subjected to
two-platen wet re-press in the subsequent dry part, and then dried. In the course of the drying, a size press liquor
containing 5% by weight of a carboxy-modified polyvinyl alcohol was size pressed at a rate of 20 g/m2, and the resulting
product was dried so that the water content of the finally obtained paper based on bone dry weight might be 8% by
weight. The thus obtained paper was subjected to machine calendering at the linear pressure shown in Table 1, to
obtain a substrate for ink jet recording sheet which had a basis weight of 150 g/m2 and the density shown in Table 1.
All the substrates thus obtained had a Cobb sizing degree of 15 to 16 g/m? (not according to the invention).

Comparative Examples 1 to 3

[0057] Mixed pulp consisting of 85% by weight of hardwood bleached kraft pulp and 15% by weight of softwood
bleached kraft pulp was beaten to each degree of beating shown in Table 1. To 100 parts by weight of the beaten mixed
pulp were added 0.7 part by weight of amphoteric starch (Cato™ 3210, mfd. by Oji National Company, Ltd.) and 0.1
part by weight of an alkylketene dimer sizing agent (Size Pine™ K903, mfd. by Arakawa Chemical Co., Ltd.). The
resulting mixture was formed into a web with a Fourdrinier machine. The web was subjected to two-platen wet pressing
but not treatment with a smoothing roll in the wet part, and dried without wet re-press in the subsequent dry part. In
the course of the drying, a size press liquor containing 5% by weight of a carboxy-modified polyvinyl alcohol was size
pressed at a rate of 20 g/m2, and the resulting product was dried so that the water content of the finally obtained paper
based on bone dry weight might be 8% by weight. The obtained paper was subjected to machine calendering at the
linear pressure shown in Table 1. Thus, there were produced substrates of Comparative Examples 1 to 3 each having
a basis weight of 150 g/m2 and the density shown in Table 1.

<Production of ink jet recording sheets>

[0058] A coating solution having a solid content of about 10% and consisting of 5 parts by weight (in terms of solids)
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of alumina sol AS-3 (pseudo-boehmite, mfd. by Catalysts and Chemicals Industry Co., Ltd.), 1 part by weight (in terms
of solids) of a polyvinyl alcohol MA-26 (mfd. by Shin-etsu Chemical Co. Ltd.) and water was prepared as a composition
for forming an ink-receiving layer. The coating solution was applied on each substrate produced in the manner described
above, with a bar coater so that the dry coating amount might be 15 g/m2. Then, the substrate was dried to produce
an ink jet recording sheet.

[0059] The ink jet recording sheets thus produced in Examples and Comparative Examples were evaluated by the
following evaluation method. The results obtained are summarized in Table 1.

<Waviness after image recording>

[0060] Waviness after image recording was evaluated by forming high-definition photographic images having wide
hue and lightness ranges, allowing the images to stand for 24 hours, and visually evaluating the waviness of the
recording surface after drying in the following five grades:

© : No waviness after image recording.

O': Almost no waviness after image recording.

¢ : Negligible waviness after image recording.

A : Rather large waviness after image recording.
X : Remarkable waviness after image recording.

10
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Table 1
Sample No. Degree Linear pressure density Waviness
of at machine of substrafe after
beating calendering g/cm3 image
mICSF kg/cm recording
Example 1* 250 100 1.04 @)
Example 2* 250 150 1.06 ©
Example 3* 320 70 1.01 ¢
Example 4* 320 100 1.03 O
Example 5* 320 150 1.05 ©
Comparative Example 1 320 70 0.93 X
Comparative Example 2 400 70 0.91 X
Comparative Example 3 450 70 0.89 X

* not according to the invention
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[0061] From the results shown in Table 1, it can be seen that the waviness after image recording and drying was
satisfactorily reduced in the ink jet recording sheets obtained in Examples by using a substrate having a density of
1.01/cm3 or more.

Examples 6 to 9 (not according to the invention)

[0062] Mixed pulp consisting of 85% by weight of hardwood bleached kraft pulp and 15% by weight of softwood
bleached sulfite pulp was beaten to a degree of beating of 320 ml CSF. A pulp slurry was prepared by adding 3 parts
by weight of cationized starch, 0.2 part by weight of anionized polyacrylamide, 0.2 part by weight (Example 6), 0.3 part
by weight (Example 7), 0.4 part by weight (Example 8) or 0.5 part by weight (Example 9) (in terms of ketene dimer) of
an alkylketene dimer emulsion, and 0.4 part by weight of a polyamido-epichlorohydrin resin to 100 parts by weight of
the beaten mixed pulp. The pulp slurry was formed into a web with a Fourdrinier machine, and the web was subjected
to three-platen wet pressing and then treatment with a smoothing roll in the wet part, subjected to two-platen wet re-
press in the subsequent dry part, and then dried. In the course of the drying, a carboxy-modified polyvinyl alcohol
solution was size pressed to adjust the amount of the solution adhered to 2.0 g/m? in terms of solids. The resulting
product was dried so that the water content of the finally obtained paper based on bone dry weight might be 8% by
weight. The thus obtained paper was subjected to machine calendering at a linear pressure of 60 kg/cm to obtain a
substrate for ink jet recording sheet which had a basis weight of 150 g/m2 and the Cobb sizing degree shown in Table
2. All the substrates thus obtained had a density of 0.98 to 1.00 g/m3.

Examples 10 to 12 (not according to the invention)

[0063] Substrates forink jet recording sheet which each had the Cobb sizing degree shown in Table 2 were produced
in the same manner as in Example 8 except for using a liquor consisting of 5 parts by weight of carboxy-modified
polyvinyl alcohol and 0.10 part by weight of a surface sizing agent composed of a styrene/acrylic acid copolymer (KN-
500, mfd. by Harima Chemicals, Inc.), in place of the size press solution used in Example 8, and adjusting the amount
of the liquor adhered to 1.0 g/m2 (Example 10), 2.0 g/m2 (Example 11) or 3.0 g/m2 (Example 12). All the substrates
had a density of 0.98 to 1.00 g/m3.

Comparative Examples 4 and 9

[0064] Substrates of Comparative Examples 4 and 9 each having the Cobb sizing degree shown in Table 2 were
produced in the same manner as in Example 6 except for changing the amount of the alkylketene dimer emulsion in
terms of ketene dimer to 0.1 part by weight (Comparative Example 4) or 1.0 part by weight (Comparative Example 9).

<Production of ink jet recording sheets>

[0065] A coating solution having a solid content of about 10% and consisting of 5 parts by weight (in terms of solids)
of alumina sol AS-3 (pseudo-boehmite, mfd. by Catalysts and Chemicals Industry Co., Ltd.), 1 part by weight (in terms
of solids) of a polyvinyl alcohol MA-26 (mfd. by Shin-etsu Chemical Co. Ltd.) and water was prepared as a composition
for forming an ink-receiving layer. The coating solution was applied on each substrate produced in the manner described
above, with a bar coater so that the dry coating amount might be 15 g/m2. Then, the substrate was dried to produce
an ink jet recording sheet. In the substrate of Comparative Example 9, the ink-receiving layer peeled off, so that the
ink jet recording sheet obtained by using this substrate could not be evaluated.

Comparative Examples 5 to 8

[0066] The same substrate as in Examples 6 to 9 were used as they were as substrates of Comparative Examples
5 to 8, respectively, without forming an ink-receiving layer.

[0067] The ink jet recording sheets thus produced in Examples 6 to 12 and Comparative Examples 4 to 9 were
evaluated by the following evaluation methods. The results obtained are summarized in Table 2.

<Sharpness of image>

[0068] Sharpness of image was evaluated by forming a high-definition photographic image and visually observing

the overflow and run of ink. An excellent ink jet recording sheet was rated as (marked by) O, an ink jet recording sheet
equal to a conventional one as A, and an unusable ink jet recording sheet as X.
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<Waviness after image recording>

[0069] Waviness after image recording was evaluated by forming high-definition photographic images having wide
hue and lightness ranges, allowing the images to stand for 24 hours, and visually evaluating the waviness of the
recording surface after drying in the following five grades:

(© : No waviness after image recording.

O': Almost no waviness after image recording.

0 : Negligible waviness after image recording.

A : Rather large waviness after image recording.
X : Remarkable waviness after image recording.

Table 2

Sample No. Cobb sizing Sharpness of Waviness

degree of image after image

substrate g/m?2 recording

Example 6 14.8 O 0
Example 7 12.5 O O
Example 8 10.1 O ©
Example 9 8.2 ©) ©
Example 10 8.8 O ©
Example 11 5.7 O ©
Example 12 2.3 O ©
Comparative Example 4 16.4 A X
Comparative Example 5 14.5 X ©
Comparative Example 6 12.8 X ©
Comparative Example 7 10.6 X ©
Comparative Example 8 9.2 X ©
Comparative Example 9 0.9 Not evaluatable | Not evaluatable

Example 6 is a Comparative Example.

[0070] From the results shown in Table 2, it can be seen that ink jet recording sheets which were excellent in image
sharpness and had satisfactorily reduced waviness after image recording and drying were obtained in Examples in
which an ink-receiving layer was formed on a substrate having a Cobb sizing degree of 2.0 g/m2 to 13.0 g/m2.

Examples 13 to 21

[0071] Mixed pulp consisting of 50% by weight of hardwood bleached kraft pulp, 35% by weight of hardwood bleached
sulfite pulp and 15% by weight of softwood bleached sulfite pulp was beaten to each fiber length shown in Table 3. A
pulp slurry was prepared by adding 3 parts by weight of cationized starch, 0.2 part by weight of anionized polyacryla-
mide, 0.4 part by weight (in terms of ketene dimer) of an alkylketene dimer emulsion, 0.4 part by weight of a polyamido-
epichlorohydrin resin and proper amounts of a fluorescent brightener, a blue dye and a red dye to 100 parts by weight
of the beaten mixed pulp. The pulp slurry was formed into a web with a Fourdrinier machine, and the web was subjected
to three-platen wet pressing and then treatment with a smoothing roll in the wet part, subjected to two-platen wet re-
press in the subsequent dry part, and then dried. In the course of the drying, a size press liquor consisting of 4 parts
by weight of a carboxy-modified polyvinyl alcohol, 0.05 part by weight of a fluorescent brightener, 4 parts by weight of
sodium chloride and 92 parts by weight of water was size pressed at a rate of 20 g/m2, and the resulting product was
dried so that the water content of the finally obtained paper based on bone dry weight might be 8% by weight. The
thus obtained paper was subjected to machine calendering at the linear pressure shown in Table 3. Then, the paper
was either subjected or not to thermal soft calendering at a temperature or 200°C and a linear pressure of 200 kg/cm
in accordance with the instruction given in Table 3, to obtain a substrate for ink jet recording sheet which had a basis
weight of 150 g/m?2 and the unevenness index Rpy value and center plane average roughness SRa value shown in
Table 3.

13
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Comparative Examples 10 to 15

[0072] Substrates of Comparative Examples 10 to 15 each having a basis weight of 150 g/m2 and the unevenness
index Rpy value and center plane average roughness SRa value shown in Table 3 were produced by treatments under
the conditions shown in Table 3, in the same manner as in Examples 13 to 20 except for using mixed pulp consisting
of 90% by weight of hardwood bleached kraft pulp and 10% by weight of softwood bleached kraft pulp, in place of the
mixed pulp used in Examples 13 to 21.

<Production of ink jet recording sheets>

[0073] A coating solution having a solid content of about 10% and consisting of 5 parts by weight (in terms of solids)
of alumina sol AS-3 (pseudo-boehmite, mfd. by Catalysts and Chemicals Industry Co., Ltd.), 1 part by weight (in terms
of solids) of a polyvinyl alcohol PVA117 (mfd. by Kuraray Co., Ltd.) and water was prepared as a composition for
forming an ink-receiving layer. The coating solution was applied on each substrate produced in the manner described
above, with a bar coater so that the dry coating amount might be 15 g/m2. Then, the substrate was dried to produce
an ink jet recording sheet.

[0074] The ink jet recording sheets produced in Examples 13 to 20 and Comparative Examples 10 to 15 were eval-
uated by the following evaluation methods. The results obtained are summarized in Table 3.

<Quality of image>

[0075] Quality of image was evaluated by forming sharp and high-definition photographic images having wide hue
and lightness ranges, and evaluating the result of visual observation of the images in the following five grades:

© : Very excellent quality of image.
O': Excellent quality of image.

¢ : Good quality of image.

A : Rather good quality of image.

X : Bad quality of image.

<Uniformity of coating layer>

[0076] Uniformity of coating layer was evaluated by visually judging the nonuniformity of coating of a surface printed
with 50% dots of 720 dpi black ink, in the following four grades:

© : No or almost no nonuniformity of coating.

O Slight nonuniformity of coating.

A : Some but practically allowable nonuniformity of coating.
X : Practically unallowable nonuniformity of coating.

14
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[0077] From the results shown in Table 3, it can be seen that ink jet recording sheets satisfactory in both quality of
image and uniformity of coating layer could be obtained in Examples 13 to 20 in which each substrate having an Rpy
value of 150 mV or less and an SRa value of 1.6 um or less was used.

Examples 21 to 24

[0078] Mixed pulp consisting of 50% by weight of hardwood bleached kraft pulp, 35% by weight of hardwood bleached
sulfite pulp and 15% by weight of softwood bleached sulfite pulp was beaten to each fiber length shown in Table 4. A
pulp slurry was prepared by adding 3 parts by weight of cationized starch, 0.2 part by weight of anionized polyacryla-
mide, 0.4 part by weight (in terms of ketene dimer) of an alkylketene dimer emulsion, 0.4 part by weight of a polyamido-
epichlorohydrin resin and proper amounts of a fluorescent brightener, a blue dye and a red dye to 100 parts by weight
of the beaten mixed pulp. The pulp slurry was formed into a web with a Fourdrinier machine, and the web was subjected
to three-platen wet pressing and then treatment with a smoothing roll in the wet part, subjected to two-platen wet re-
press in the subsequent dry part, and then dried. In the course of the drying, a size press liquor consisting of 8 parts
by weight of a carboxy-modified polyvinyl alcohol, 0.05 part by weight of a fluorescent brightener, 4 parts by weight of
sodium chloride and 88 parts by weight of water was size pressed at a rate of 25 g/m2, and the resulting product was
dried so that the water content of the finally obtained paper based on bone dry weight might be 8% by weight. The
thus obtained paper was subjected to machine calendering at the linear pressure shown in Table 4. Then, the paper
was either subjected or not to thermal soft calendering at a temperature or 200°C and a linear pressure of 200 kg/cm
in accordance with the instruction given in Table 4, to obtain a substrate for ink jet recording sheet which had a basis
weight of 150 g/mZ2 and the values of density, Cobb sizing degree, unevenness index Rpy and center plane average
roughness SRa which are shown in Table 4.

<Production of ink jet recording sheets>

[0079] A coating solution having a solid content of about 10% and consisting of 5 parts by weight (in terms of solids)
of alumina sol AS-3 (pseudo-boehmite, mfd. by Catalysts and Chemicals Industry Co., Ltd.), 1 part by weight (in terms
of solids) of a polyvinyl alcohol PVA117 (mfd. by Kuraray Co., Ltd.) and water was prepared as a composition for
forming an ink-receiving layer. The coating solution was applied on each substrate produced in the manner described
above, with a bar coater so that the dry coating amount might be 15 g/m2. Then, the substrate was dried to produce
an ink jet recording sheet.

[0080] The ink jet recording sheet of Examples 16 and 22 to 25 and Comparative Examples 10 to 13 were evaluated
by the evaluation methods described above. The results obtained are summarized in Table 4.
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[0081] From the results shown in Table 4, it can be seen that an ink jet recording sheets satisfactory in both quality
of image and uniformity of coating layer could be obtained in Examples 15, 16, and 22 to 25 in which each substrate
having an Rpy value of 150 mV or less and an SRa value of 1.6 um or less was used. It can also be seen that excellent
ink jet recording sheets free from waviness even after image recording and drying could be obtained when there was
used each substrate having a density of 1.01 g/cm3 or more or a Cobb sizing degree of 1.0 g/m2 to 15 g/m2 in addition
to the above-mentioned Rpy value and SRa value. Furthermore, it can be seen that ink jet recording sheets satisfactory
in all the evaluation items could be obtained particularly when there was used each substrate satisfying all of the above
mentioned conditions.

[0082] As shown in Table 1, an ink jet recording sheet obtained by coating an ink-receiving layer on the substrate
for ink jet recording sheet used in the first aspect of the invention, i.e., the substrate having a density of 1.01 g/cm3 or
more is an excellent coated type ink jet recording sheet having no waviness even after image recording and drying.
[0083] As shown in Table 2, an ink jet recording sheet obtained by coating an ink-receiving layer on the substrate
for ink jet recording sheet used in the first aspect of the invention, i.e., the substrate having a Cobb sizing degree of
1.0 g/m2 to 15.0 g/m2 is an excellent coated type ink jet recording sheet which is excellent in image sharpness and
has no waviness even after image recording and drying.

[0084] As shown in Table 3, an ink jet recording sheet obtained by coating an ink-receiving layer on the substrate
for ink jet recording sheet used in the second aspect of the invention, i.e., the substrate having an unevenness in
thickness in machine direction (Rpy) of 150 mV or less and a center plane average roughness in machine direction in
the whole wavelength region (SRa) of 1.6 um or less as measured with a tracer type three-dimensional surface rough-
ness meter, is an excellent coated type ink jet recording sheet which has no nonuniformity of coating of the ink-receiving
layer surface and is excellent in quality of image.

[0085] As shown in Table 4, an ink jet recording sheet obtained by coating an ink-receiving layer on a substrate for
ink jet recording sheet which satisfies the conditions specified in the above three aspects of the invention, i.e., a sub-
strate having a density of 1.01 g/cm3 or more, a Cobb sizing degree of 1.0 g/m? to 15.0 g/m2, an unevenness in
thickness in machine direction (Rpy) of 150 mV or less and a center plane average roughness in machine direction in
the whole wavelength region (SRa) of 1.6 um or less as measured with a tracer type three-dimensional surface rough-
ness meter, is an excellent coated type ink jet recording sheet which is excellent in image sharpness, has no waviness
even after image recording and drying, has no nonuniformity of coating of the ink-receiving layer surface, and is ex-
cellent in quality of image.

Claims

1. An ink jet recording sheet comprising a substrate made of paper composed mainly of natural pulp and an ink-
receiving layer coated on at least one side of the substrate characterized in that said substrate has a density of
sheet of 1.01 g/cm3 or more as measured by the method prescribed in JIS P8118 and has a Cobb sizing degree
of 2.0 g/m2 to 13.0 g/m2 as measured by the water absorption test by a Cobb sizing degree method prescribed in
JIS P8140.

2. Aninkjetrecording sheetaccording to claim 1 characterized in that said substrate has an unevenness in thickness
in machine direction specified below (Rpy) of 150 mV or less and a center plane average roughness in machine
direction in the whole wavelength region (SRa) of 1.6 um or less as measured with a tracer type three-dimensional
surface roughness meter:

Unevenness index Rpy: a sample is let run between a pair of spherical tracers, and by using a film thickness
meter which measures the variation of thickness of the sample as an electrical signal through an electrical
micrometer, the variation of thickness of the sample in the machine direction is measured by scanning the
sample in the machine direction at a constant rate of 0.025 ms-! (1.5 m/min) after adjustment of the zero point,
under the condition that the sensitive range of the electrical micrometer is = 15 um/£3 V. The hanning window
and FFT are applied to the electrical signal by FFT analyzer, followed by averaging of 128 times of integration,
whereby the power spectrum (unit: mV2) is obtained. The obtained power value is integrated in the frequency
region of 2 to 25 Hz, multiplied by 2/3 and then raised to the one-half power. The thus determined value (unit:
mV) is the unevenness index (Rpy).

3. The ink jet recording sheet according to claims 1 or 2 characterized in that the ink-receiving layer contains at
least porous synthetic amorphous silica or porous alumina hydrate.

4. The ink jet recording sheet according to claim 3 characterized in that the porous alumina hydrate is pseudo-
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boehmite.
The ink jet recording sheet according to claims 1, 2, 3 or 4 characterized in that the substrate has a Cobb sizing

degree of 2.0 g/m2 to 11.0 g/m2 as measured by water absorption test by a Cobb sizing degree method prescribed
in JIS P8140.

Patentanspriiche

1.

Tintenstrahl-Aufzeichnungsblatt, das ein aus Papier, das hauptséachlich aus natirlichem Zellstoff zusammenge-
setzt ist, hergestelltes Substrat und eine Tintenaufnahmeschicht, die auf mindestens eine Seite des Substrats
aufgebracht ist, umfasst, dadurch gekennzeichnet, dass das Substrat eine Blattdichte von 1,01 g/cm3 oder mehr,
gemessen mit dem in JIS P8118 vorgeschriebenen Verfahren, und einen Cobb-Leimungsgrad von 2,0 bis 13,0 g/
m2, gemessen mit dem Wasserabsorptionstest nach einem in JIS P8140 vorgeschriebenen Cobb-Leimungsgrad-
verfahren, aufweist.

Tintenstrahl-Aufzeichnungsblatt gemass Anspruch 1, dadurch gekennzeichnet, dass das Substrat eine Dik-
kenungleichméssigkeit in Maschinenrichtung (Rpy) wie nachstehend spezifiziert (Rpy) von 150 mV oder weniger
und eine durchschnittliche Mittellinienrauhigkeit in Maschinenrichtung im gesamten Wellenlangenbereich (SRa)
von 1,6 um oder weniger, gemessen mit einem dreidimensionalen Oberflachenrauhigkeitsmessgerat mit Fihler,
aufweist:

Ungleichmassigkeitsindex (Rpy): man lasst eine Probe zwischen einem Paar kugelférmiger Fihler hindurch-
laufen, und indem ein Filmdickenmessgerat verwendet wird, welches die Dickenvariation der Probe als elek-
trisches Signal durch ein elektrisches Mikrometer misst, wird die Dickenvariation der Probe in Maschinenrich-
tung gemessen durch Scannen der Probe in Maschinenrichtung bei einer konstanten Geschwindigkeit von
0,025 ms-1 (1,5 m/min) nach Justierung des Nullpunkts, unter der Bedingung, dass der empfindliche Bereich
des elektrischen Mikrometers + 15 um/+ 3 V ist, gemessen; das Hanning-Fenster und FFT werden auf das
elektrische Signal mit einem FFT-Analysator angewandt, gefolgt von der Mittelwertbildung 128-maliger Inte-
gration, wodurch das Leistungsspektrum (Einheit: mV2) erhalten wird. Der erhaltene Leistungswert wird im
Frequenzbereich von 2 bis 25 Hz integriert, mit 2/3 multipliziert und dann mit 1/2 potenziert. Der so bestimmte
Wert (Einheit: mV) ist der Ungleichmassigkeitsindex (Rpy).

Tintenstrahl-Aufzeichnungsblatt gemass Anspruch 1 oder 2, dadurch gekennzeichnet, dass die Tintenaufnah-
meschicht zumindest pordses, synthetisches, amorphes Silica oder poréses Aluminiumoxidhydrat enthalt.

Tintenstrahl-Aufzeichnungsblatt geméass Anspruch 3, dadurch gekennzeichnet, dass das porése Aluminium-
oxidhydrat Pseudo-Boehmit ist.

Tintenstrahl-Aufzeichnungsblatt gemass Anspruch 1, 2, 3 oder 4, dadurch gekennzeichnet, dass das Substrat
einen Cobb-Leimungsgrad von 2,0 bis 11,0 g/m2, gemessen mit dem Wasserabsorptionstest nach einem in JIS
P8140 beschriebenen Cobb-Leimungsgradverfahren, aufweist.

Revendications

Feuille pour I'enregistrement par jet d'encre comprenant un substrat en papier composé principalement de pate
naturelle et une couche de réception d'encre enduite sur au moins un c6té du substrat caractérisée en ce que
ledit substrat a une densité de feuille de 1,01 g/cm3 ou plus tel que cela est mesuré par le procédé prescrit dans
le document JIS P8118 et a un degré de dimensionnement de Cobb de 2 g/cm?2 & 13 g/m2 comme cela est mesuré
par le test d'absorption d'eau par un procédé de degré de dimensionnement de Cobb prescrit dans le document
JIS P8140.

Feuille pour I'enregistrement par jet d'encre selon la revendication 1 caractérisée en ce que ledit substrat a une
inégalité d'épaisseur dans la direction de la machine spécifiée ci-dessous (Rpy) de 150 mV ou moins et une
rugosité moyenne de plan central dans la direction de la machine dans I'ensemble de la région de longueur d'onde
(SRa) de 1,6 um ou moins, comme cela est mesuré par un dispositif de mesure de rugosité de surface tridimen-
sionnelle de type a traceur :
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Indice d'inégalité Rpy : un échantillon est pris entre une paire de traceurs sphériques, et en utilisant un dispositif
de mesure d'épaisseur de film qui mesure la variation d'épaisseur de I'échantillon sous forme de signal élec-
trique a travers un micrométre électrique, la variation d'épaisseur de I'échantillon dans la direction de la ma-
chine est mesurée en balayant I'échantillon dans la direction de la machine a une vitesse constante de 0,025
ms-1 (1,5 m/mn) aprés I'ajustement du point zéro, dans la condition ou la plage sensible du micrométre élec-
trique est de £ 15 um/+ 3 V. La fenétre de Hamming et la FFT sont appliquées au signal électrique par I'ana-
lyseur de FFT, suivi du calcul de la moyenne de 128 fois l'intégration, moyennant quoi le spectre de puissance
(unité : mV2)est obtenu. La valeur de puissance obtenue est intégrée dans la région de fréquence de 2 a 25
Hz, multipliée par 2/3 et ensuite élevée a la puissance un-demi. La valeur ainsi déterminée (unité : mV) est
I'indice d'inégalité (Rpy).

Feuille pour I'enregistrement par jet d'encre selon la revendication 1 ou 2 caractérisée en ce que la couche de
réception d'encre contient au moins de la silice amorphe synthétique poreuse ou de I'hydrate d'alumine poreuse.

Feuille pour I'enregistrement par jet d'encre selon la revendication 3 caractérisée en ce que I'hydrate d'alumine
poreuse est de la pseudo boehmite.

Feuille pour I'enregistrement par jet d'encre selon la revendication 1, 2, 3 ou 4 caractérisée en ce que le substrat

a un degré de dimensionnement de Cobb de 2 g/m2 & 11 g/m2 comme cela est mesuré par le test d'absorption
d'eau par un procédé de degré de dimensionnement de Cobb prescrit dans le document JISS P8140.
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