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recordi ng, color recording and high-density recording, 15 and recording
appar attuses nmaki ng use of the ink-jet recording have conme into wide use. In
such ink-jet recording, exclusive coated paper is used, as disclosed, for
exanpl e, in Japanese Patent Application Laid-open Nos. 59-35977 and
1-135682. The excl usive 20 coat ed papef tonprises[F Qﬁ e ey whase
surface is conpletely coated with a pignent. The co p%{' HAS BERN ¢d for
formng highly mnute and sharp i mages but has the f lensi 1)
It is lack in the hand (or handle) as that of plain 25 paper (e.qg., PPC

paper and general - pur pe3erWeRd!f PEBePaPEAR-Jet Recording Process and

Recording System Making Use of the Recording Paper

BACKGROUND OF THE INVENTION

5 Field of the Invention

This invention relates to a recording paper, in
particular, a recording paper useful for color
recording carried out by ink-jet recording, and an
ink-jet recording process and recording system making

10 use of such a recording paper.

Related Background Art

Ink-jet recording has attracted notice because of
its readiness for the achievement of high-speed
recording, color recording and high-density recording,

15 and recording apparatuses méking use of the ink-jet
recording have come into wide use. In such ink-jet
recording, exclusive coated paper is used, as
disclosed, for example, in Japanese Patent Application
Laid-open Nos. 59-35977 and 1-135682. The exclusive

20 coated paper comprises base paper whose surface is
completely coated with a pigment. The coated paper is
suited for forming highly minute and sharp images but
has the following problems.

1) It is lack in the hand (or handle) as that of plain

25 paper (e.g., PPC paper and general-purpose woodfree

paper).

2) It has a poor writability with pencils.
This Sheet Has Been Replaced
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2) It has a poor witability with pencils. -2 - 3) It may cause paper
dust. due to fall of coat layers. 4) It has no general - purpose properties
(i-.e., can not be used for other recording processes). 5) It requires a
hi gher production cost than plain 5 paper. Herein, the plaln paper
refers to PPC paper, general -purpose woodfree™ paper, etg

the plain paper, it may include toner transfer paper 'nﬁ§ig§ii§ggBEEN

3) It may cause paper dust due to fall of coat layers.
4) It has no geﬁeral-purpose properties (i.e., can not
be used for other recording processes).
5) It requi:es a higher production cost than plain
5 paper.
| Herein, the plain paper refers to PPC paper,
general-purpose woodfree paper, etc. As examples of
the plain paper, it maf include toner transfer paper
(PPC paper) for electrophotographic recording, nowadays
10 widely used in offices, as disclosed in Japanese Patent
Application Laid-open Nos. 51-13244, 59-162561 and
59-191068.
As in the plain paper typified by such transfer
paper, conventional recordipg paper whose pulp fibers
15 are entirely bare to the paper surface has the
following problems.
1) It has so poor an ink absorption that the ink may
slowly dry and fix when the ink is imparted in é large
quantity. If something touches the recording surface
20 in the state the ink has undried and unfixed, images
are damaged.
2) 1Ink runs along fibers of paper when it is absorbed
into the paper'layer, and hence dots may become too
large, or dots may have roughly irregular, or blurred
25 outlines. Hence, no clear letters or characters and
images can be obtained.

3) In an attempt to obtain color images, no
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(PPC-paper) for el ectrophotographic recording, nowadays 10 widel y used -
ins«offices, as disclosed in Japanese Patent Application Laid-open Nos.

51- 13244, 59-162561 and 59-191068. As in the plain paper typified by such
transfer paper, conventional recording papesr whose pulp fibers 15 are
entirely bare to the paper surface has the Yol | owi ng probl i ytt—F 5506
poor an ink absorption that the ink may slowy dry and fi x| WHESHEEE HANBEEN
inmparted in a large quantity. |If sonething touches the rec tdin§ LGB e 20
in the state the ink has undried and unfixed, inmges are danaged.

satisfactory images can be obtained since inks with a

plurality of colors are superimposed one after another
before they fix to paper and hence the colors are
blurred or non-uniformly mix one another at the
5 boundaries of images with different colors

(hereinafter, this phenomenon is called "bleeding”).
4) Since water-soluble recording agents are used, the
recorded images can have no satisfactory water
fastness.

10 5) Coloring materials can exhibit no satisfactory

color forming performance.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is
15 to provide a recording paper having good properties
such as image quality, image density and water fastness
required for, in particular, full-color ink-jet
recording paper and inherent in conventional exclusive
coated paper and also having solved the problems
20 discussed above, and to provide an ink-jet recording
process and recording system making use of such a
recording paper.
Another object of the present invention is to
provide a recording paper that can be used also in
25 electrophotographic recording, thermal transfer
recording and impact recording and also can be used as

writing paper writable with pencils, marking pens, ball
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2) Ink runs along fibers_of paper-when it is absorbed into the paper |ayer,
and* hence dots may becone too |arge, or dots may have roughly irregular, or
outlines. Hence, no clear letters or characters and inhages

can be obtained. -3) In an attenpt to obtai_nycol or inages, no REPLACEMENT

blurred 25

SHEET -3- satisfactory inmages can be obtained since inkspthaplurality,
of colors are superinposed one after another THIS SHEET HAS BEEN
REPLACED
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20

25

point pens or the like.

The above objects can be achieved by the invention
described below.

In a first embodiment, the present invention is a
recording paperICOmprising pulp fibers and a filler, i)
having a surface where pulp fibers bared to the surface
and pulp fibers covered with particles are present
together in portions, and ii) wherein the quantity of
ink transfer at a minimum ink-shoot time interval for
adjacent dots with different colors as measured by the
Bristow's test method is not smaller than a maximum
shot-in ink quantity per unit area of a recording
system used.

In the first embodiment, the present inventibn is
also an ink-jet recording process comprising imparting
ink droplets to a recording paper to make a record,
wherein the recording paper domprises pulp fibers and a
filler, i) having a surface where pulp fibers bared to
the surface and pulp fibers covered with particles are
present together in portions, and ii) wherein the
quantity of ink transfer at a minimum ink-shoot time

interval for adjacent dots with different colors as

-measured by the Bristow's test method is not smaller

than a maximum shot-in ink quantity per unit area of a

recording system used.

In the first embodiment, the present invention is

still also a recording system comprising an ink-jet
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before they fix to paper and hence the colors are blurred or non-uniformy
m x one another at the 5 boundaries of images with different colors
(:héreinafter, this phenomenon is called "bleeding"). 4) Since water-soluble
recording agents are used, the recorded images can have no-satisfactory

wat er fastness. 10 5) Coloring nmaterials €an exhibit
col or formng performance. SUMVARY OF THE | NVENTI ON Accor fﬁﬁ$§HE%BH6§P Bl
of the present invention is 15 to provide a recording

properties such as inmage quality, image density and water fastness

recording apparatus and a recording paper used therein,
wherein the recording paper comprises pulp fibers and a
filler, i) having a surface where pulp fibers bared to
the surface and pulp fibers cove:ed with particles are
5 present together in portions, and ii) wherein the
quantity of ink transfer at a minimum ink-shoot time
interval for adjacent dots with different colors as
measured by the Bristow's test method is not smaller
than a maximum shot-in ink quantity per unit area of a
i0 recording system used.

In a second embodiment, the present invention is a
recording paper comprising a base paper mainly composed
of pulp fibers and a filler, i) coated with a coating
solution containing particles, to have a surface where

15 pulp fibers bared to the surface and pulp fibers
covered with particles are present together in
portions, and ii) whereiﬂ the base paper has a
coefficient of absorption Ka of not less than 10
ml/(m?.-msec'’?) at a contact time of not longer than 4

20 msec as measured by the Bristow's test method using an
ink having a surface tension of from 45 to 50 dyne/cm
at 25°C.

In the second embodiment, the present invention is
also a process for producing a recording paper,

25 comprising the step of applying to a base paper mainly
composed of pulp fibers and a filler a coating solution

containing particles, to produce a recording paper
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required for, in particular, full-¢olor ink-jet recording paper and -

i nher ent

probl ems 20
and recordi ng system maki ng use of such a gecordi.ng-paper. Another object

of the present

also in 25
i npact recording and al so can be used as witing paper w i rGattre=wrth

pencil s,

10

15
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25

el ect rophot ographi c recording, thermal trans

i n conventional exclusive coated paper and al so having sol ved the

di scussed above, and to provide an ink-jet recordi ng process

invention is to provide a recording paper t aﬁﬂgggﬁﬁpHH§§gEN
er I aEpLikkg dnd

mar ki ng pens, bal

having a surface where pulp fibers bared to the surface
and pulp fibers covered with particles are present
together in portions:; the base paper having a
coefficient of absorption Ka of not less than 10
ml/(m?-msec’’?) at a contact time of not longer than 4
msec as measured by the Bristow's test method using an
ink having a surface tension of from 45 to 50 dyne/cm
at 25°C.

In a third embodiment, the present invention is a
recording paper comprising pulp fibers and a filler, i)
having a surface where pulp fibers bared to the surface
and pulp fibers covered with particles are present
together in portions, and ii) wherein the paper has two
kinds of coefficient of absorption Ka, (t; < T,) and
Ka, (t, > T,) when tested by the Bristow's method, where
a change point Th at which Ka, changes to Ka, is present
at a time shorter than a minimum ink-shoot time
interval T1 for adjaéent dots with different colors and
Ka, and Ka, satisfy the following condition.

Ka, £ 5.0

5.0 < Ka, £ 15.0

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows Bristow's test results showing a
feature of the first embodiment of the present
invention.

Fig. 2 shows Bristow's test results showing a
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-4- point pens or the |ike.” The abeve objects can be achieved by the
|nvent|on described below. In a first enbodi ment, the present invention is
a’s. recordi ng paper conprising pulp fibers and a filler, i) having a
surface where pulp fibers bared to the surfdce and pul p flbnrs covered with

particles are present together in portions, and ii) wherein| triggs St iy sPiEN
ink transfer at a m nimumink-shoot tinme interval for 10 ad] aeepLACS S

with different colors as neasured by the Bristow s test mnetnod 15 not

smal l er than a maxi num . .
feature of the first embodiment of the present

invention.

Fig. 3 shows Bristow's test results on a recording
paper prepared in an Example of tﬁe first embodiment.

5 Fig. 4 shows Bristow's test results on a recording
paper prepared in an Example of the first embodiment.

Fig. S5 shows Bristow's test results showing a
feature of the second embodiment of the present
invention.

10 Fig. 6 shows Bristow's test results according to
the second embodiment of the present invention.

Fig. 7 shows Bristow's test results according to
the second embodiment of the present invention;

Fig. 8 shows Bristow's test results according to

15 the second embodiment of the piesent invention.

Fig. 9 shows Bristow's test results on a recording
paper according to the third embodiment of the present
invention.

Fig. 10 is a cross-section of an ink-jet reéording

20 head used in the present invention.

Fig. 11 is a cross-section of an ink-jet recording
head used in the present invention.

Fig. 12 is a perspective appearance of a multiple
head comprised of the head shown in Figs. 10 and 11.

25 Fig. 13 is a perspective view showing an example

of an ink-jet recording apparatus.
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shot-ln Jnk quantity per unit area of a recording systemused. .In the first
enbodlnent the present invention is 15 al so an ink-jet recordlng
proocess conprising inparting ink droplets to a recording. paper to nake a

record, wherein the recording paper conprisgs-pulp fibers pag—a—fidlear i) -
having a surface where pulp fibers bared to the surface an 'qﬁﬁ§ﬁ$ﬁ%ﬁﬁ%BEbN
covered with particles are 20 present together in portii REBLAGED

wherein the quantity of ink transfer at a m ni mum i nk-shoot tlne i nterval
for adjacent dots with dlfferent colors as neasured by the Bristow s test
method is not s (IR TR T3 ' BODMMBNIS v per unit area of
a

- First Embodiment -

A first feature of the recording paper according

to the first embodiment of the present invention is

5 that the recording paper is mainly composed of pulp
fibers and a filler and has a surface where pulp fibers
bared to the surface and pulp fibers covered with
particles are present together in portions.

The recording paper may preferably have a surface

10 where, within the range of 1 mm? of the surface, at
least one pulp fiber recognizable as a fiber of 100 SKm
or longer is seen and also some pulp fibers covered
with particles and not recognizable as having the shape
of fibers are present.

15 A second feature of thé recording paper according
to the first embodiment of the present invention is
that the quantity of ink transfer at a minimum
ink-shoot time interval for adjacent dots with
different colors as measured by the Bristow's test

20 method is not smaller than a maximum shot-in ink
quantity per unit area of a recording system used.

The Bristow's test method is a test method as
prescribed by Japan Technical Association of the Pulp
and Paper Industry (J' TAPPI), and its details are

25 described in J' TAPPI No. 51, Test Method for Liquid
Absorption of Paper and Paperboard.

The Bristow's test method is carried out using the
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25 recording systemused. In the first enbodi nent, the present invention -
is*stilt also a recording systemconprising an i'nk-j et - 5 - recording
apparat us—and  a recordi ng paper used therein, wherein the recordi ng paper
conprises pulp fibers and a filler, i) -havigg-a surface where pulp fibers
bared to the surface and pulp fibers covered with particl eg-are 5

present together in portions, and ii) wherein the quantity d?HstEEﬂﬁK§h§%iJ

at a mnimum i nk-shoot tine REPLACED

ink of a recording system used. When an ink with a
high surface tension and an ink with a low surface
tension are used in the recording system used, the
measurement is made using the ink with a high surface
5 tension; In the Bristow's test, a head box slit width
is also adjusted in accordance with the surface tension
of the ink.
In this embodimenf, what is meant by the minimum
ink-shoot time interval for adjacent dots is a time
10 interval which is shortest among.time intervals at
which ink droplets with different colors are imparted
to adjacent picture elements, when a printing time per
unit'area of 100% duty is set using a mode which is
shortest among printing modes of the recording system
15 used. For example, when in a certain recording system
a mode whose printing time per unit area of 100% duty
is shortest is used and there are differences between a
time interval Tl for imparting A-color and B-color to
adjacent picture elements, a time interval T2 for
20 imparting A-color and C-color (T2 > Tl)and a time
interval T3 for imparting A-color and D-color
(T3 > T2 > Tl), it refers to the shortest time Tl.
The maximum shot-in ink gquantity refers to a
maximum shot-in ink quantity per unit area. For
25 example, when a maximum value of shot-in ink quantity
per picture element is M picoliter (pl) and the

resolution is N dpi, the maximum shot-in ink quantity

This Sheet Has Been Replaced




i nterval for adjacent dots wth different colors as neasured by-the
Bristow's test nethod is not snmaller than a maxi num shot-in ink quantity
per uni f"aréa of a 10 = recording systemused. In a second enbodi nent, the

present invention is a recording paper conpippsing a base paper nainly

conposed of pulp fibers and a filler, i) coated with a coating -soluwien
containing particles, to have a surface where 15 pul p fi TS SHEBHAY BEEN
the surface and pulp fibers covered with particles are presgnt t OREALAEED n

portions, and ii) wherein the base paper has a coefficient of absorption Ka
of not |ess than 18 ml £(m{ eu/lineheéc| afidn tie ahotriacinki geantitiés| onger
than differ depending on colors of inks, the largest shot-in
ink quantity is regarded as the maximum shot-in ink
qﬁantity.

5 The presenf inventors have discovered that the
ink-jet recording suitability correlates with Bristow's
test results on paper.

The recording paper satisfying the above values
have good fixing properties, and can decrease the

10 bleeding that may occur at the boundaries where solid
dots formed of inks with different colors are adjacent
to one another, especially when used in full-color
ink-jet recording, and also can decrease the bleeding
also when an ink with a high surface tension and an ink

15 with a low surface tension are used in c;ﬁbination.

If the quantity of ink transfer is smaller than
the maximum shot-in ink quantity, the ink having
adhered to the surface is not well absorbed in paper
and hence the paper may have poor fixing properties.

20 Especially when used in full-color ink-jet recording,
the bleeding may occur, and hence such a paper is not
suitable for full-color ink-jet recording.

Fig. 1 shows results of measurement by the
Bristow's test method. The measurement is made using

25 an ink in the recording system used. The Bristow's
test method determines the quantity of transfer of

liquid per unit area (v:ml/m?) with respect to
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20 nmsec as neasured by the Bristow s test method using an ink having a
surfacertension of from45 to 50 dyne/cmat 25C. In the second enbodi nent,

t he present invention is als® a process for producing a recordi ng paper, 25
conprising the step of applying to a base;pfpeI mai nl y caonposed of pulp

fibers and a filler a coating solution contalning particles,

recordi ng paper
surface

10

15

20

25

- 6 - having a surface where pulp fibers b S PHEET HAS BEEN |
REPLACED

liquid-to-paper contact time raised to 1/2nd power
(Vt(sec'’?)]. As stated above, the recording paper has
a poor ink absorption and has no good fixing properties
and bleeding-free properties, when recording paper I or
II in which the quantity of ink transfer at the minimum
ink-shoot time interval Tl for adjacent dots does not
reach the maximum shot-in ink quantity X ml/m? is used.
On the other hand, the recording paper has a good ink
absorption and has.good fixing properties and
bleeding-free properties to make it possible to obtain
highly colorful images, when recording paper III or IV
in which the quantity of ink transfer at the minimum
ink-shoot time interval T1 for adjacent dots reaches
the maximum shot-in ink quantity X ml/m? is used.

Fig. 2 shows reéulfs_éf Bristow's tests made on
like recording paper using an ink with a high surface
tension and an ink with a low surféce tension. V-high
and V-léw make use of like recording paper V, and the
V-high and the V-low show the results of measurement
using the ink with a high surface tension and the ink
with a low surface tension, respectively. VI-high and
VIi-low also similarly make use of like recording paper
VI, and show the results of measurement using the ink
with a high surface tension and the ink with a low
surface tension, respectiveiy.

In the recording paper V, the quantity of ink

transfer at the minimum ink-shoot time interval T1 for
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and pulp fibers covered with particles-are present together in portions;
t he* base paper having a coefficient of absorption Ka of not |less than 10 5
m+/(nferr]. neec[err]) at a contact tinme of not |onger than 4 nsec as. -
measured by the Bristow s test nmethod usipgyan_ink having a surface tension

In a third enbodi nent, Fayyn _
invention is a 10 recordi ng paper conprising pul p fibers apdHs SHERTSHAS BEEN |
i) having a surface where pulp fibers bared to the surface antl_pul REPL&ERDS

of from45 to 50 dyne/cm at 25C

covered with particles are present together

in portions,

t he pi

and ii) wherein

t he paper has twoadkjdsknt®fdeeiddachest the nagonwh i shiot@n (ink guimtiasd

X ml/m? when the -ink with a low surface tension is used,

but does not reach the maximum shot-in ink quantity X

ml/m?* when the ink with a high surface tension is used.

5 The use of the ink with a high surface tension in such

a recording paper results in a poor ink absorption and

no good fixing properties and bleeding-free properties.

On the other hand, as in the recording paper VI, the

recording paper in which the quantity of ink transfer

10 at the minimum ink-shoot time interval Tl for adjacent

dots reaches the maximum shot-in ink qQuantity X ml/m?

when either the ink with a high surface tension or the

ink with a low surface tension is used, has a good ink

absorption for both the inks and can obtain highly

15 colorful images with good fixing properties and

bleeding-free properties.

Thus, when the ink with a high surface tension and

the ink with a low surface tension is used in the

recording system used, highly colorful images well

20 fixed and free of bleeding can be obtained so long as

the quantity of ink transfer at the minimum ink-shoot

time interval Tl for adjacent dots reaches the maximum

shot-in ink quantity X ml/m?.

The recording paper of the present invention is

25 also preferable in a system where the ink with a high

surface tension and the ink with a low surface tension

are used in combination.

Recording on the recording
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15 Ka2 (t2 > Th) when'tested-by the Bristow s nmethod, where a change
po1nt Th at which Ka, changes to Ka2 is present at a tinme shorter than a
m ni mum i nk-shoot time interval Tl for adjacent dots with-different colors
and Ka, and Ka. satisfy the follow ng condjgion. 20

Ka, < 5.0 5.0 < KaJerr] < 15.0 BRI EF DESCRI PTI ON OF THE DRAW NeS—Fi-g—1 -
shows Bristow s test results showing a 25 feature of the f f%#SSﬁbETHASBEENM
enbodi ment of the present invention. Fig. 2 shows Bristow s tkst r &EHLAGED

showi ng a
paper of the present invention, using an ink with a

high surface tension (45 to 60 dyne/cm) as black ink
and using inks with a low surface tension (25 to 35
dyne/cm) as yellow, magenta and cyan inks, makes it

5 possible to obtain images having a good quality level
of black characters and causing no boundary bleeding
between black ink dots and color ink dots and between
color ink dots.

- Second Embodiment -

10 A first feature of the recording paper according

| to the second embodiment of the present invention is
that the recording paper is mainly composed of pulp
fibers and a filler and has a surface where pulp fibers
bared to the surface and pulp fibers covered with

15 particles are present together in portions.

The recording papér may preferably have a surface
where, within the range of 1 mm?’ of the surface, at
least one pulp fiber recognizable as a fiber of 100 &6Km
or longer is seen and also some pulp fibers covered

20 with particles and not recognizable as having the shape
of fibers are present.

A second feature of the second embodiment of the
present invention is that the base paper constituting
the recording paper of the present invention has a

25 coefficient of absorption Ka [ml/(m?’-msec?)] of not
less than 10 at a contact time of not longer than 4

msec as measured by the Bristow's test method using an
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- 7- feature of the first enbodiment of the present invention. Fig. 3 shows
Bristow.s test results on a recordi ng paper prepared in an Exanple of the
first enmbodinent. 5 Fig. 4 shows Bristow s test results on a
recordi ng paper prepared in an Exanple of_the first embodinment. Fig. 5 -
shows Bristow s test results show ng a featUre of the second enbodi ment of

the present invention. 10 Fig. 6 shows Bristows tes
according to Tﬁ%s@gg}iggg BEEN

ink having a surface tension of 45 to 50 dyne/cm at
25°C.
The contact time 4 msec is a value obtained by
comparing the relation between Bristow's test results
5 and the ink-jet recording suitability. The ink used in
the Bristow's test has a surface tension that is
maximum in those of usual inks for ink-jet recording.
The reason why an ink with a high surface tension is
used is that the ink with a high surface tension does
10 more not tend to be absorbed in paper than the ink with
a low surface tension and hence may seriously cause
bleeding.
1f é base paper not satisfying the above value is
used, it is difficult to obtain a recqrding paper
15. having an ink-jet recording suitability even if
materials to be coated on the base paper surface are
changed.
The recording paper made using a base paper
satisfying the above values has good fixing properties
20 and can well prevent the bleeding that may occur at the
boundaries where solid dots of inks with different
colors are adjoining to one another, especially when
used in full-color ink-jet recording. The recording
paper of the present embodiment is also preferable in a
25 system where the ink with a high surface tension and .
the ink with a low surface tension are used in

combination. Recording on the recording paper of the

is Sheet Has Been Replaced

T




t he second enbodi nent of the present invention. Fig. 7 shows Bristow's test
results.according to the second enbodi nent of the present invention. Fig. 8
shows Bristow s test results according to 15 t he second enbodi nent of

the present invention. Fig. 9 shows. Brlstomls test-results on a recording

paper according to the third enbodi nent Of 1fha present invention. F|g 10

IS a cross-section of an ink-jet recording 20 head used i n|tirgs B BEEN
invention. Fig. 11 is a cross-section of an ink-jet recording head Eﬂcé 7
the present invention. Fig. 12 is a perspective appearance of —a t. phe

present embodiment, using an ink with a high surface

tension (45 to 60 dyne/cm) as black ink and using inks
with a low surface tension (25 to 35 dyne/cm) as
vellow, magenta and cyan inks, makes it possible to
5 obtain images having a good quality level of black

characters and causing no boundary bleeding between
black ink dots and color ink dots and between color ink
dots.

A third feature of the second embodiment of the

10 present invention is that the quantity of ink transfer
at a minimum ink-shoot time interval for adjacent dots
with different colors as measured by the Bristow's test
method is not smaller than a maximum shot-in ink
quantity per unit area of a recording system used.

15 The present inventors have discovered that the
ink-jet recording suitability correlates with Bristow's
test results on paper.

If the quantity of ink transfer is smaller than
the maximum shot-in ink quantity, the ink having

20 adhered to the surface is not well absorbed in paper
and hence the paper may have poor fixing properties.
Especially when used in full-color ink-jet recording,
the bleeding may occur, and hence such a paper is not
suitable for full-color ink-jet recording.

25 Figs. §, 6 and 7 show results of measurement by
the Bfistow's test method. The measurement is made

using an ink with a surface tension of 45 to 50

This Sheet Has Been Rep

T




head conprised of the head shown in Figs. 10 and 11. 25 - Fig. 13 is
a perspective view show ng an exanple of an ink-jet recordi ng apparat us.
-8: DESCRI PTI ON OF THE PREFERRED EMBODI MENTS - First Enmbodinment - A first
feature of the recording paper according to he first enbodi ment of the
present invention is 5 that the recordln& paper is mainly conposed of
pulp fibers and a filler and has a surface where pulp fibers

THIS SHEET HAS BEEN
REPLACED

dyne/cm. The Bristow's test method determines the

quantity of transfer of liquid per unit area (v:ml/m?

with respect to liquid-to—paper contact time raised to

1/2nd power [ft(sec”z)]. The coefficient of absorption
5 Ka is indicated by the slope of a graph.

As shown in Fig. 5, the absorption of the
recording paper having the surface configuration
described above is lower than that of the base paper,
and hence the ink-jet recording suitability can not be

10 improved even if materials to be coated on the surface
are changed, unless the base papef satisfies the above
condition.

Thﬁs, as in base paper A or B shown in Fig. 6, no
recording paper having an ink-jet recording suitability

15 can be obtained when a base paper h;Qing the
coefficient of absorption Ka is less than 10 at a
contact time of not longer than 4 msec. The base paper
used in the recording paper of the present embodiment
must have the coefficient of absorption Ka 2 10 at a

20 contact time of not longer than 4 msec.

In addition, as in recording paper D shown in Fig.
7, a recording paper D' making use of base paper D in
which the quantity of ink transfer at the minimum
ink-shoot time interval Tl for adjacenf dots does not

25 reach the maximum shot-in ink quantity X ml/m? are used
has a poor ink absorption and has no good fixing

properties and bleeding-free properties. On the other
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bared to the surface and pulp fibers covered with particles are present
together-in portions. The recordi ng paper may preferably have a surface 10
where, within the range of 1 mjerr] of the surface, at |east one pulp’

fiber recognizable as a fiber of 100 [errr] or longer is seen and al so
sonme pulp fibers covered with particles an ot recogni zabl e ag--having the
shape of fibers are present. 15 A second feature of th 7H§t@HE§NﬁKSBEEN

paper according to the first enbodi ment of the present inventiQn~L§§§§§53§L~““_

the quantity of ink transfer at a m nimumink-shoot tine interval for

adj acent dots W tiH f faerl@gortaln%r PaperBaspiRthd Yudd & Briadd Wapdre &
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in which the quantity of ink transfer at the minimum
ink-shoot time interval T1 for adjacent dots reaches
the maximum shot-in ink quantity X ml/m? are used has a
good ink absorption and has good fixing properties and
bleeding-free properties to make it possible to obtain
highly colorful images also in a recording system in
which the ink with a high surface tension and the ink
with a low surface tension are used in combination.

- Third Embodiment -

A first feature of the recording paper according
to the third embodiment of the present invention is
that the.recording paper is mainly composed of pulp
fibers and a f%}ler and has a surface where pulp fibers
bared to the surface anﬁ pulp fibers covered with
particles are present together in portions.

The recording paper may preferabl& have a surface
where, within the range of 1 mm®> of the surface, at
least one pulp fiber recognizable as a fiber of 100 8Km
or longer is seen and alsc some pulp fibers covered
with particles and not recognizable as having the shape
of fibers are present.

A second feature of the recording paper according
to the second embodiment of the present invention is
that the paper has two kinds of coefficient of
absorption Ka, (t, < T,) and Ka, (t, > T,) when tested by

the Bristow's method, where a change point Th at which
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20 method is not smaller-than a.maxi mum shot-in ink quantity per unit
area 0of a recording systemused. The Bristow s test nmethod is a test nethod
as prescribed by Japan Technical Association of the Pul p-and Paper |ndustry
(J" TAPPI), -and its details are 25 descnigbed in J° TAPPI No. 51, Test
Met hod for Liquid Absorption of Paper and Paperboard. The Bplstow. s .iest
met hod is carried out using the -9- ink of a recording sySHENSHIEFIOHAS\REEN

an ink with a

10

15

20

25

REPLACED

Ka, changes to Ka, is present at a time shorter than a
minimum ink-shoot time interval Tl for adjacent dots
with different colors and Ka, and Ka, satisfy the
condition of Ka, < 5.0 and 5.0 < Ka; < 15.0

The measurement by the Bristow's test method is
made using an ink of the recording system used.

Fig. 9 shows results of measurement by the
Bristow's test method.

Recording paper F has Ka, < 5.0, has a small
percent of ink run and shows a good character quality
level. 1It, however, has no change point Th, and hence
has a low ink absorption rate, causes serious bleeding,
is unsuitable especially for full-color images, and can
not provide solid areas made completely full, resulting
in a low image density.

Recording paper G has Ka, < S.O.and also 5.0 < Ka,
< 15.0, and hence has a small percent of ink run and
shows a good character quality level. The satisfaction
of the condition Ka, also results in a high image
density. It, however, has the change point Th but Th 2
Tl (minimum ink-shoot time interval for adjacent dots
with different colors), and hence the recording paper
has a poor ink absorption and tends to cause bleeding.

Recording paper H has Ka, £ 5.0 and Th < Tl1, and
hence has a small percent of ink run and shows a good
character quality level. It, however, has Ka, < 15.0,

and hence has so good an ink absorption that the ink
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hfgh surface tension and an ink with a low surface tension are used in the
reeording system used, the nmeasurement is made using the ink with a high
surface 5 tension. In the Bristow s test, a head box slit width is al so
ag£usted in accordance with the surface tea9ien of the ink--In this )
enbodi nent, what is nmeant by the m ni mumink-shoot tine ift sHTOfiAS BEEN
adj acent dots is a time 10 i nterval which is shortest 1#%%%%%;%3@50 o
|3tervals at which ink droplets with different col ors are*tmrarted-to

adj acent picture elenments, when a printing time per unit area of 100% duty
i s set using a nBaE ﬁﬁ?éﬁeiﬁhﬁﬁﬁﬁheﬁﬁeeﬂﬁﬁ%g°§rFHFiHﬁpﬁﬁdegeﬁ?th%Qr%Eording
system

a low image density.

Recording paper I has T, < Tl, Ka, > 5.0 and

Ka, > 15.0, and ﬁence causes no bleeding, but has a
5 large percent of ink run, causes dot gain, ahd shows a
poor character quality level and a low image density.

Recording paper J has T, < Tl and 0 < Ka, s 15.0,
and hence causes no bleeding while giving a high image
density, but has a large percent of ink run, causes dot

10 gain and shows a poor character quality level because
of Ka, > 5.0.

Recording paper K satisfies the above condition,
and the use of such a recording paper makes it possible
to achieve a small percent of ink run, and to obtain

15 images with a good character quality level, a good
fixing performance, no bleeding, a high image density
and a high minuteness.

The present invention will be described below in
greater detail with respect to the first to third

20 embodiments described above.
The recording base paper used in the present
invention is mainly composed of chemical pulp as
_typified by LBKP and NBKP, a sizing agent and a filler,
as well as other paper making auxiliaries optionally
25 used, and is made by conventional methods. As pulp
materials used, mechanical pulp and waste paper

regenerated pulp may be used in combination, or any of
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15 - wused. For exanple, when in a certain recording systema node-whose _
prisnting time per unit area of 100% duty is shortest is used and there are
differences between a tinme interval "T1 for inparting A-color and B-colpr-to
adj acent picture elenments, a time interval 2g2_for 20 | mparting A—cclor

and C-color (T2 > Tl)and a tinme interval T3 for |npart|ngnﬁ?%%egg ﬁ

D-color (T3 > T2 > T1), it refers to the shortest tinme Tl
shot-in ink quantity refers to a maxi mum shot-in ink gquanttty-—pe+t

area. For 25 exanpl e, when a maxi mum val ue of shot-in ink quantlty per
pi cture el enent theMmayx de tuwged @8 aam@dinhgompeneémti on is N dpi, the

maxi mum shot-in ink quantity
The sizing agent may include rosin sizes,

alkylketene dimers, alkenyl succinic anhydrides,
petroleum resin sizes, epichlorohydrin and acrylamide.
S. The filler may inclﬁde calcium carbonate, kaolin, talc
and titanium dioxide. 1In the present invention,
examples thereof are by no means limited to these.
As a surface coat material, it may include casein,
starch, cellulose derivatives such as carboxymethyl

10 cellulose and hydroxymethyl cellulose; hydrophilic
resins having a swellability to ink, as exemplified by
polyvinyl alcohol, polyvinyl pyrrolidone, sodium
polyacrylate and polyacrylamide; resins having
hydfophilic part and hydrophobic part in the molecule,

15 as exemplified by SBR latex, acrylic emulsion and a
styrene/acrylic acid copolymer; substances having a
water repeliency, as exemplified by silicone oils,
paraffin waxes and fluorine compounds; and the sSizing
agents set forth above.

20 Inorganic pigments or organic pigments hitherto
commonly used may also be used in combination.
Examples of the inorganic pigments can be silica,
alumina, aluminum silicate, magnesium silicate,
hydrotalcite, titanium oxide, clay and talc. Examples

25 are by no means limited to these. Examples of the
organic pigment can be plastic pigments such as urea

resins, urea-formalin resins, polyethylene resins and
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- 10 - is Mx Nerr] pl/inch[err]. Wien the shot-in ink quantities differ
dependi ng on colors of inks, thé largest shot-in ink quantity is regarded

as -t he maxi mum shot-in ink quantity. 5 The present inventors have-
di scovered that the ink-jet recording:suitahility correlates with Bristow s
test results on paper. The recordi ng paper” i"sfyi ng the ahqove val ues have
good fixing properties, and can decrease the THIS SHEET HAS BEEN
REPLACED
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polystyrene resins. Examples are by no means limited
to these.

Any of these materials may be imparted to the
recording surface in an amount of about 0.1 to 5 g/m?.

To prepare the recording paper of the present
invention, a water-based coating solution containing
the pigment, resin and other additives as described
above may be applied to the surface of the base paper
by known processes as exemplified by roll coating,
blade coating, air-knife coating, gate roll coating,
size pressing and Simu Sizer Process. Thereafter, the
coating is dried using, e.g., a hot air drying furnace
or a hof drum. Thus, the recording paper of the
present invention can be obtained. In order to further
smoothen the surface or increase the surface strength,
super calendering may be applied.

Using the materials as described above, the
recording paper having the surface configuration
characteristic of the present invention is prepared.

The recording paper of the present invention is
prepared so as to have a water extraction pH of 6 or
more, and preferably 7 or more. The water extraction
pH is a value obtained by measuring, according to JIS
Z-8802, the pH of an extract formed when about 1.0 g of
a test piece is immersed in 70 ml of distilled water as
prescribed in JIS P-8133. If the pH is less than the

above range, a problem may arise in wview of the
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10 bl eedi ng that may occur at the boundaries where solid dots fornmed of
inks with different colors are adjacent to one another, especially when
used in full-color ink-jet recording, and al so can decrease the bl eeding-
al so when an ink with a high surface tensi-op, and an ink 15 with a |ow

surface tension are used in conbination. If the quantity of LS
smal l er than the maxi num shot-in ink quantity, the ink haviifﬂﬁﬁﬂﬁﬁﬁﬁA&mth
the surface is not well absorbed in paper and hence the pa maRENAGEDDOOT
fixing properties. 20 Especially when used in full-color ink-jet

recording, the blieedi-rerfiBgtocage, seapilens o uHe papaRei teelfigt andi t abl e
for full-color ink-jet recording.

dyes may exhibit no satisfactory color forming

performance on the paper surface.

With regard to stéckigt sizing degree of the

5 recording paper thus prepared, inks can never be
absorbed in paper if it is too high, and hence the
fixing performance and drying performance of inks
having adhered tend to become poor. Thus, the stdckigt
sizing degree may preferably be in the range of from O

10 to 40 seconds.

With regard to the inks themselves used when the
ink-jet recording is carried out on the recording paper
described above, known inks can be used without any
problems. As coloring materials for the inks, it is

15 possible to use water-;bluble dyes as typified by
direct dyes, acid dyes, basic dyes, reactive dyes and
food dyes, which can be used without'any particular
limitations so long as they are those used in usual
ink-jet recording.

20 However, as a particularly preferred embodiment in
the ink-jet recording process of the present invention,
it is an ink-jet recording process making use of inks
containing a direct dye and/or an acid dye as a
recording agent or agents. In conventional inks, such

25 water-soluble dyes are commonly used in such a
proportion that they comprise about 0.1 to 10% by

weight, and may be in a like proportion also in the
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Fig. 1 shows results of neasurénent by the Bristow s test nethod. The

measur énent i s nade using 25 an ink in the recording systemused. _The

Bristow s test nethod deternines the quantity of transfer of |iquid per

unit area (v:m/nR) with respect to -- 33 = |iquid-to-paper contact tinme

raised to 1/2nd power [err]t( sec[err])]. As stated abov,ynﬁygﬂégcgggbggq'

paper has a poor ink absorption and has no good fiXxing pfoper tdgppadts!

bl eedi ng-free properties, when recordi ng paper | or

present invention.

Solvents used in water-based inks used in the
present invention may comprise water or a mixed solvent
of water and a water-soluble organic solvent, and

5 particularly preferably a mixed solvent of water and a
water-soluble solvent, containing as the water-soluble
organic solvent a polyhydric alcohol having an ink
drying preventi&e effect.

An ink-jet recording method will be described

10 below. The ink-jet recording process of the present
invention can be applied to any conventionally known
ink-jet recording.methods which carry out recording by
ejecting ink droplets from nozzles, utilizing various
types of drive mechanisms. As typical examples

15 thereof,mthey include the method disclosed in Japanese
Patent Application Laid-open No. 54-59936, i.e., an'
ink-jet recording method in which an ink having
undergone the action of heat energy causes an abrupt
change in volume and the ink is ejected from a nozzle

20 by the force of action attributable to this change in
state.

An example of the ink-jet recording apparatus
preferable in the ink-jet recording process of the
present invention will be described below. Figs. 10,

25 11 and 12 show examples of the construction of the
recording head, which is a main component of the

apparatus.
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5 Il in which the quantity-of ink transfer at the m ni mumink-shoot time
I nt'erval’ T1 for adjacent dots does not reach the maxi mnum shot-in ink

quantity X m/nferr] is used. On the other hand, the recording paper has’'a
good ink absorption and has good fixing pro@érties and 10 bl eedi ng-free

properties to nake it possible to obtain highly colorful i O%ns e
recording paper |1l or IVin which the quantity of ink trangfer %ﬁ%iﬁggSBEEN
m ni mum i nk-shoot tine interval Tl for adjacent dots reacheSle—iax Bn

shot-in ink quantity X md/nferr].is_used, 15 , Fig. 2 shows results
of Bristow s tests nad® B%an‘%i%% }2kRTRet BYaporddaeng ﬁgaf'ﬁk RPLATEChPgh
surface tension agd. ap; LG ML Ne2 LW P 35804808 90enVall' Mk £10w
path 14, to a heating head 15 having a heating resistor
used in thermal recording (fhe drawing shows a head, to
5 which, however, is not limited). The heating head 15
is comprised of a protective film 16 formed of silicon
oxide or the like, aluminum electrodes 17-1 and 17-2, a
heating resistor layer 18 formed of nichrome or the
like, a heat accumulating layer 19, and a substrate 20

10 with good heat dissipation properties, made of alumina
or the like.

The ink 21 stands reached an ejection orifice
(minute opening) 22 and a meniscus 23 is formed there
by a pressure P.

15 Now, upon application of electric signals to the
electrodes 17-1 and 17-2, heat is abruptly generated at
the region denoted by n in the thermal head 15, so that
bubbles are generated in the ink 21 coming into contact
with this region. The pressure thus produced thrusts

20 out the meniscus 23 and the ink is ejected from the
orifice 22 in the form of recording minute drops 24 to
fly against a recording medium 25. Fig. 12
schematically illustrates a multi-head comprising the
head as shown in Fig. 10 arranged in a large number.

25 This multi-head is prepared by closely bonding a glass
plate 27 having multiple grooves 26, to a heating head

28 similar to the head as illustrated in Fig. 10.
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and V-l ow make use of |ike recording paper V, and the V-high and the V-|ow
show the results of neasurenent 20 using the ink with a high surface
tension and the ink with a | ow surface tension, respectively. VI-high:and
VI-low also simlarly make use of |ike rec@sdi-ng paper VI, and show t he

results of neasurenent using the ink with a high surface

r.\lgl

L L
ink with a |l ow 25 surface tension, respectively. In t)—{ W@%&g.ﬁ% éali;-l§ér

V, the quantity of ink transfer at the m ni num i nk-shoot ks

f or
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Fig. 10 is a cross-sectional view of the head 13
along its ink flow path, and Fig. 11l is a
cross-sectional view along the line 11-11 in Fig. 10.

Fig. 15 shows an example of the ink-jet recording
apparatus in which such a head has been incorporated.
In Fig. 13, reference numeral 61 denotes a blade
serving as a wiping member in the form of a cantilever,
one end of which is a stationary end retained by a
blade-retaining member. The blade 61 is provided at
the position adjacent to the region in which a
recording head makes a record. In the present example,

the blade is retained in such a form that it projects

- to the course through which the recording head is

moved. Reference numeral 62 denotes a cap, which is
provided at the home position adjacent to the bladélsl,
and is so constituted that it moves in the direction
perpendicular to the direction in which the recording
head is moved and comes into contact with the face of
ejection openings to carry out capping. Reference
numeral 63 denotes an ink absorber provided adjoiningly
to the blade 61, and, similar to the blade 61, is
retained in such a form that it projects to the course
through which the recording head is moved.

The above blade 61, cap 62 and absorber 63
constitute an ejection restoration assembly 64, where
the blade 61 and the absorber 63 remove the water, dust

or the like from the ink ejection opening face.
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- 12 - adjacent dots reaches the maxi mum shot-in ink quantity X m/nfers]
when the ink with a |l ow surface tension is used, but does not reach the
maxi mum shot-in ink quantity X m/nferr] when the ink with a high surface*
tension is used. 5 The use of -the ink w 20 a high surface tension in

such a recording paper results in a poor ink absorption af OO t—H->-Rg
properties and bl eeding-free properties. On the other han ﬁngsﬁ T HAS BEEN

recordi ng paper VI, the recording paper in which the quant-y LAGED

transfer 10 at the mninumink-shoot tine interval T1 for, adjacent dots
reaches the maxi mum shRRESTRRGHK HISHEL POXIRRPRESr PR WRFPTEHIMEM]IR i nk

with a high surfaﬁ§b£§gﬁgéngjgéé{g% energy generating means and ejects

ink to the recording medium set opposingly to the
ejection opening face provided with ejection openings,
5 to carry out recording. Reference numeral 66 denotes a

carriage on which the recording head 65 is mounted so
that the recording head 65 can be moved. The carriage
66-is slidably associated with a guide shaft 67. Part
of the carriage 66 is connected (not shown) with a belt

10 69 driven by a motor 68. Thus, the carriage 66 can be
moved along the guide 67 and hence the recording head
65 can be moved from a recording region to a region
adjacent thereto.

Reference numeral 51 denotes a paper feeding part

15 from which recording mediums are inserted, and 52, a
paper feed roller driven by a motor (not shown). With
such construction, the recording medium is fed to the
position opposing to the ejection opening face of the
recording head, and, with progress of recording,

20 outputted from a paper output section provided with a
paper output roller 53.

In the above constitution, the cap 62 of the head
restoration assembly 64 is receded from the moving -
course of the recording head 65 when the recording head

25 65 is returned to its home position, e.g., after
completion of recording, and the blade 61 stands

projected to the moving course. As a result, the
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ink, with a low surface tension is used, has a good ink absorption for both
the inks and can obtain highly 15 colorful images with good fixing
properties and bl eeding-free properties. Thus, when the ink. with a high--
surface tension armd the ink with a | ow swfate-tension is used in the
recordi ng system used, highly colorful inmages well 20 fi free of

bl eedi ng can be obtained so long as the quantity of ink tr ﬁgﬂéﬁHEETHheBE?i]

m ni nrum i nk-shoot tine interval Tl for adjacent dots reach 1 REPRACEDIM

shot-in ink quantity X m/nferr]. The recording paper of the present
invention is 25 ejegtdenpopeaingl £aFf af sthe FRGRIING headhb3sish a high

wiped. When the cap 62 comes into contact with the

ejection opening face of the recording head 65 to carry
out capping, the cap 62 is moved in such a way that it
5 projects to the moving course of the recording head.

When the recording head 65 is moved from its home
position to the position at which recording is started,
the cap 62 and the blade 61 are at the same position as
the position where the ejection opening face is wiped.

10 As a result, the ejection opening face of the recording
head 65 is wiped also at the time of this movement.

The above movement of the recording head to its
home position is made not only at the time of the
completion of recording or restoration of ejection, but

15 also when the recording head is moved between recording
regions for the purpose of recording, during which it
is moved to the home position adjacent to each
recording region at given intervals, where the ejection
opening face is wiped in accordance with this movement.

20 When adapted to multi-color recording, recording
heads respectively holding black, cyan, magenta and
vellow inks are arranged on the carriage 66 in parallel
by four colors. In place of the recording heads
arranged in parallel, a single recording head may be

25 divided into four sgctions in a column. Aléo, in place
of the four color inks, cyan, magenta and yellow three

color inks may be used.
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surface tension and the ink with a | ow surface tension are used in

cofrbi nati on.

Recordi ng on the recording - 13 - paper of the present

i nvention, using an ink with a high surface tension (45 to 60 dyne/cn) -as
bl ack ink and using inks with a | ow surfacesg ension (25 to 35-dyne/cm as
yel | ow, magenta and cyan inks, nmakes it 5 possi bl e to obtain inmages
having a good quality |evel of black characters and causi ng 1hes B@EHOALY BEEN
bl eedi ng between bl ack ink dots and color ink dots and betyeen REPLACED

10

15

20

25

Composition of coating solution:
Finely divided silica (MIZUKASIL P-78D, available from
Mizusawa Industrial Chemicals, Ltd.) 10 parts
Polyvinyl alcohol (PVA 105, available from Kuraray Co.,
Ltd.) 10 parts
Water 80 parts

The surface configurations of these recording
papers were observed on a scanning electron microscope
to prove that pulp fibers bared to the surface and pulp
fibers covered with particles were present together in
portions.

The recording papers 1 to 4 thus prepared were
tested by the Bristow's method to obtain the results as
shown in Figs. 3 and 4. Fig. 3 shows results obtained
using ;he following full-color inks A as test
solutions, and Fig. 4 shows results obtained using the
following full-color inks B.

Ink composition:

Inks A (surface tension: 34 dyne/cm):

Dye* X parts
Glycerol 5 parts
Thiodiglycol 10 parts
Urea | 7 parts
Polyoxyethylene nonylphenyl ether 1 part

(NOIGEN EA-30, available from Daiichi Chemical

Industries, Ltd.)

Water Balance
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color ink dots. -Second Enbadi nent - 10 A first feature of the
recordi ng paper according to the second enbodi ment of the present invention
isthat the recording paper is mainly conposed of pulp fibers and a f-ild.enr
and has a surface where pulp fibers bared_tgythe surface and pulp fibers

covered with 15 particles are present together in port‘ﬁg&**?ﬁe—-____~7
recordi ng paper may preferably have a surface where, withjn % BETdS BEEN
m2 of the surface, at |east one pulp fiber recognizable ] CEfr 100

[err]Kmor |onger is seen and al so sone pulp fibers covered 20 W th
particles and not *peeopgni zabl e as havi ng the shape

Black; C.I. Food Black 2 3.5 parts

Yellow; C.I. Direct Yellow 86 2 parts

Magenta; C.I. Acid Red 289 ' 2.5 parts
5 Cyan; C.I. Acid Blue-199 2.5 parts

Inks B (surface tension: 48 dyne/cm):

Dye* X parts
Glycerol 5 parts
Thiodiglycol 5 parts
10 Isopropyl alcohol 4 parts
Water | Balance
*Dye:
Black;-C.I. Food Black 2 3.5 parts
Yellow; C.I. Direct Yellow 86 2 parts
15 Magenta; C.I. Acid Red 35 2.5 parts
Cyan; C.I. Acid Blue 199 2.5 parts

Recording apparatus:
Images were recorded using recording apparatus
mounted with the ink-jet type recording heads described
20 above, utilizing heat energy as an ink ejection source,
to evaluate recording sﬁitability. The following seven
kinds of apparatus were used as the recording
apparatus.
- Recording Apparatus 1 -
25 A recording apparatus mounted with recording heads
having 23.6 recording nozzles per 1 mm. The recording

heads are driven at a drive frequency of 10 kHz to
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of fibers are present. A second feature of the second enbodi nrent of the

present* invention is that the base paper constituting the recordi ng paper
of -t he present invention has a 25 coefficient of absorption Ka tee
[m/(nferr] msec[err])] of not |less than 1Gjat. a contact tinme of not |-onger
~than 4 nsec as neasured by the Bristow s test nethod using a 14 - ink
havi ng a surface tension of 45 to 50 dyne/cmat 25[err]C

eject inks. Average values of the volume of ink
droplets ejected from the recording.heads for each
color were actually measured to obtain the results as
follows: Biack: 21 pl(picoliter); yellow: 20 pl;
5 magenta: 22 pl; and cyan: 22 pl. When the ink-jet
recording was carried out using the recording apparatus
1, the maximum quantity of ink imparted to one picture
element was 44 pl, which was a duantity at the time of
blue-color printing (a mixed color of magenta and
10 cyan), and the maximum ink quantity of this recording
system was 24.6 nl(nanoliter)/mm?.
- Recording Apparatus 2 -
A recording apparatus mounted with recording heads
having 14.2 recording nozzles per 1 mm. The recording
15 heads are driven at a drive frequency of 6 kHz to e}ect
inks. Average values of the volume of ink droplets
ejected from the recording heads for each color were
actually measured to obtain the results as follows:
Black: 38 pl; yellow: 41 pl; magenta: 39 pl; and cyan:
20 39 pl. When the ink-jet recording was carried out
using the recording apparatus 2, the maximum gquantity
of ink imparted to one picture element was 80 pl, which
was a‘quantity at the time of red-color printing (a
mixed color of yellow and magenta) and at the time of
25 green-color printing (a mixed color of yellow and
cyan), and the maximum ink quantity of this recording

system was 16 nl/mm?.
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The contact time 4 nsec is a value obtained by conparing the relation -
bet'ween 'Bristow s test results 5 and the ink-jet recording suitability.
The ink used in the Bristow s test has a surface tension that is maxi pumin
t hose of usual inks for ink-jet recordi ng- 3Be-reason why an ink with a
hi gh surface tension is used is that the ink with a high surface tension

does 10 more not tend to be absorbed in paper than the il mHISVSHBERAHWOWEEN
surface tension and hence may seriously cause bleeding. If|a basaﬂﬂaggm not

satisfying the above value is used, it |s difficult to obtarn a recordrny
paper 15  havi ng- JFeFeRding ARRFAFUSy3saitability even if

A recording apparatus mounted with recording heads
having 7.9 recording nozzles per 1 mm. The recording
heads are driven at a drive frequency of 3.3 kHz to

5 eject inks. The heads for the respective colors are
each so controlled as to have an ink ejection gquantity
of 80 pl on the average. When the ink-jet recording
was carried out using the recording apparatus 3, the
maximum quantity of ink imparted to one picture element

10 was 160 pl, and the maximum ink quantity of this
recording system was 10 nl/mm?.

In the above recording apparatus 1 to 3, the
minimum ink-shoot time interval for adjacent dots with.
different colors was 30 msec.

15 - Recording Apparatuses 4 & 5 -

The same fecording apparatus as the recording
apparatus 2 except that the drive frequency of the
apparatus was changed to 10 kHz was used as recording
apparatus 4. The same recording apparatus as the

20 recording apparatué 3 except that the drive frequency
of the apparatus was changed to 5.6 kHz was used as
recording apparatus 5. In the recording apparatus 4
and 5, the minimum ink-shoot time interval for adjacent
dots with different colors was 18 msec.

25 - Recording Apparatus 6 -

A recording apparatus mounted with recording heads

having 14.2 recording nozzles per 1 mm. The recording
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naterlals to be coated on the base paper surface are changed. The recording
pdper made using a base paper satisfying the above val ues has good fi xing
properties 20 ‘and can wel | prevent the eedi ng that may occur at the
boundaries where solid dots of inks with di¥ferent colorsiarn adioilning. to

one another, especially when used in full-color ink-jet r 'HﬂaﬁﬁgﬂfﬁhéﬁEEN
recordi ng paper of the present enbodiment is also preferalpl e i REFLAGED
system where the ink with a high surface tension and the ink with a | ow

surface tensi on e 36l 4ds6BRPLEALI GPsvEeAAIdidE b4 82 1iac el aiaper

inks. Average values of the volume of ink droplets
ejected from the recording heads for each color were
actually measured to obtain the results as follows:

5 Black: 81 pl; yellow: 38 pl; magenta: 40 pl; and cyan:
39 pl. When the ink-jet recording was carried out
using the recording apparatus 6, the maximum quantity
of ink imparted to one picture element was 81 pl, which
was a quantity at black printed areas, and the maximum

10 ink quantity of this recording system was 16.2 nl/mm3.
Ink-jet recorded images formed using the recording
paper, inks and recording apparatus in the combination
as shown in Table 1 were evaluated on the following
items.
15 Evaluation items:
1. Image density
Solid images of 100% duty were formed using a
black ink (ink composition A or B), and their
reflection densities after leaving for 12 hours were
20 measured with a reflection densitometer Macbeth RD-918.
2. Bleeding
Black, yellow, magenta, cyan, blue, green and red
solid images were printed so as for their respective .
areas to adjoin to each other, and the degree of
25 bleeding at the boundaries between different colors was
visually observed. An instance where the boundaries

were dlStLRQUlShable as straight lines was evaluated as
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- i5 - present enbodi nent, using an ink wwth a high surface tension (45 to

60 'dyne/'cm) as black ink and using inks with a |l ow surface tension (25 to
35 dyne/cm as yellow, nagenta and cyan inks, makes it possible to 5

obtai n i mages having a good quality |evel-cdf4 bl ack charact e~s—and _causi ng -

OfHHS SHEEThEASVBEEN

no boundary bl eedi ng between bl ack ink dots and col or ink

color ink dots. Athird feature of the second enbodi nent o thelﬁwLACED

present invention is that the quantity of ink transfer

10

15

20

"AA"; an instance where the boundaries were sharp but
slightly lack in straightness of lines, as "A"; an
instance where inks mixed one another to make the
boundaries indistinguishable, as "“C"; and an instance
intermediate between "A" and "C", as "B".

3. Character quality level

Characters "&%" (Chinese characters with 13 and
22 strokes) were printed in black, yellow, magenta,
cyan, blue, green and red colors to make evaluation.
An instance where sharp characters with clear edges
were formed in all the respective colors was evaluated
as "AA"; an instance where sharp characters with clear
edges were formed in black, yellow, magenta and cyan
colors, but unsharp characters were formed in blue,
green and red colors, as "A"; an instance where
characters with crushed lines were formed and not
legible, or had a very poor quality level, as "C".

Results of the evaluation made on recording papers

1 to 4 are shown in Table 1.
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at a mnimumink-shoot tine interval for adjacent dots with different
cotors 'as nmeasured by the Bristow s test nmethod is not snaller than a
maxi mum shot-in ink quantity per unit area of a recording systemused: 15
The present inventors Have discovered that thé&3 mk-jet recording
suitability correlates with Bristow s test results on papeg[fm

quantity of ink transfer is smaller than the maxi num shot-ijn |§E§“E%ﬂﬁ&gﬁmv
t he ink having 20 adhered to the surface is not well abserbed

and hence the paper may have poor fixing prqpq;t|Q§ Especi al | y when use
in full-color ink-jet recording, the bleedlng nay ‘occur, and hence such a
paper is not

[ 1AL

Results of evaluation

Re- Char-

5 Test Re- cord- acter Over-
exam- cord- ing Image . qual- all
ple ing Ink appa-~ den- Bleed- ity evalu-
No. paper ratus sity ing level ation

10 1 (Ex. 1) 1 A 1 1.52 AA A A
2 (Ex. 2) 1 A 2 1.46 AA A A
3 (Ex. 3) 1 A 3 1.32 AA A A
4 (Ex. 4) 2 A 1 1.58 A A A
5 (Ex. 5) 2 A 2 1.48 AA A A
15 6 (Ex. 6) 2 A 3 1.33 AA A A
7 (Cp.1) 3 A 1 1.48 C C C
8 (Ex.7) 3 A 2 1.51 A A A
20 9 (Ex. 8) 3 A 3 1.39 AA a A
10 (Cp. 2) 4 A 1 1.31 C C C
11 (Cp. 3) 4 A 2 1.21 C C C
25 12 (Ex. 9) 4 A 3 1.31 A A A
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suitable for full-color +nk-jet recording. 25 Figs. 5, 6 and 7 show
results 'of measurement by the Bristow s test nethod. The neasurenent is

made using an ink with a surface tension of 45 to 50 -16 - dyne/cm " The
Bristow s test method determnes the quantity of 26ransfer of |iquid per

unit area (v:m/nferr] with respect to |iquid-to-paper cqnaQisHEEfRALHERT
to 1/2nd power [err]t(sec[err])]. The coefficient of absqrpti opgH acepKa IS
i ndi cated by the slope of a graph

Table 1 (cont'd)

Results of evaluation

. Re- Char-

5 Test Re- cord- acter Over-
exam- cord- ing Image qual- all
ple ing Ink appa- den- Bleed- ity evalu-
No. paper ratus sity ing level ation

10 13 (Ex. 10) 1 B 1 1.63 A A(AA)*2 A
14 (Ex. 11) 1 B 2 1.55 A A(AR) A
15 (Ex. 12) 1 B 3 1.32 A A(AA) A
16 (Cp. 4) 2 B 1 1.49 C o o
15
17 (Ex. 13) 2 B 2 1.67 A A(AA) A
18 (Ex. 14) 2 B 3 1.32 A A(AR) A
19 (Cp. 3) 3 B 1 1.31 C o) C
20 20 (Cp. 6) 3 B 2 1.21 C c c
21 (Ex. 15) 3 B 3 1.31 A A(AA) A
22 (Cp. 7) 4 B 1 1.25 C c c
25 23 (Cp. 8) 4 B 2 1.25 C c c
24 (Cp. 9) 4 B 3 1.29 ¢ c c
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AS shown+4n Fig. 5 the absorption of the recordi ng paper having the

surface configuration described above is |ower than that of the base paper,
and hence the ink-jet recording suitability can not be 10 | mproved -even
if materials to be coated on the surface are tt%’ng"ed, unl ess the base paper

satisfies the above condition. Thus, as in base paper A _ in Fig.
6, no recording paper having an ink-jet recording suitabj|THYSHEET HAS 8BE
Dr pt | REPK&CES | es

obt ai ned when a base paper having the coefficient of abs

than 10 at .a contact tinme of not |onger &Qﬁf?41”ﬁ§§mcIPF base papéer used—tn
nmen

t he recordi

10

15

20

25

1ng paper of the present enbodi

Results of evaluation

; Re- : Char-
Test Re- cord- acter Over-
exam- cord- ing Image gqual- all
ple ing Ink appa~ den- Bleed- ity evalu-
No. paper ratus sity ing level ation
. 25 (Ex. 16) 1 B 4 1.52 A A(AA) A
26 (Ex. 17) 1 B 5 1.35 A A(AA) A
27 (Co. 10) 2 B 4 1.45 C C C
28 (Ex. 18) 2 B 5 1.39 A A(AA) A
29 (Ex.19) 1 BK:;B/ 6 1.63 AA A(AA) AA
CMY:A
30 (Ex. 20) 2 BK:B/ 6 1.72 AA A(AA) AA
CMY ;A :
31 (Cp.11) 3 BK;B/ 6 1.37 B*1l C C
CMY:A
32 (Cp.12) 4 BK;B/ 6 1.38 Cc cC c
CcMY ;A
33 (Cp.13) (1) B 2 1.25 AA A Cc
34 (Cp.1l4) (2) B 2 1.01 C C C
35 (Cp.15) (3) B 2 1.59 A A(AA) a
Ex: Example Cp: Comparative Example -

(1): Base paper of recording paper 1
(2): NP-DRY paper (mfd. by Canon) (3): Coated paper
*1: Good between colors (other than black), but a

little unclear between black and other colors.
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nuét have t'he coefficient of absorption Ka > 10 at a 20 contact tine of
not ‘|l ongér than 4 nsec. In addition, as in recordi ng paper D shown in Fig.
7,-a recording paper D making use of base paper D in which the quantity-of

ink transfer at the mninumink-shoot tine igyerval T1 for adjacent dot's
does not 25 reach the maxi mum shot-in ink quantity X 3 .
has a poor ink absorption and has no good f|X|ng propertjes a LACQSBEEN
bl eedi ng-free properties. On the other - 17 .

*2: (AA) indicates that, in particular, quality level

of black characters is good.

Operational advantages of the invention in test
5 examples:
Operational advantages of the present invention
will be more specifically explained with reference to
Figs. 3 aﬁd 4 and Table 1.
- The test examples 1 to 12 employ combinations of
10 the recording apparatus 1 to 3 having different maximum
ink quantities (Vmax) with the recording processes in.
which the inks A are used and the minimum ink-shoot
time intervals (Tl)for adjacent dots are all 30 msec.
As is clear from Fig. 3, distinct recorded images can
15 be formed in the test examples employing such a
combination that the quantity of ink transfer (VO) at
the contact time 30 msec of the récording paper is
larger than the Vmax of the recording apparatus.
On the other hand, in the test examples 7, 10 and
20 11 where the VO of the recording paper is smaller than
the Vmax, the bleeding occurs and only images with a
poor character quality level can be obtained. 1In the
test examples 10 and 11 where the VO is greatly
smaller, image densities are low and no good recorded
25 images are formed.
In contrast thereto, the test examples 13 to 24

are those in whlch only inks were replaced with the
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hand, a,recording paper E making use of base paper E in which the quantity
of ink transfer at the m nimumink-shoot tinme interval Tl for adjacent dots
reaches the maxi mum shot-in ink quantity X q1/n{err],are used has a 5 - - "~
good i nk absorption and has good fi xing propgrries and bl eedi~rg-free
properties to make it possible to obtain highly colorful i g@@&ﬁﬂﬁﬁﬂnmghEEN
recordi ng systemin which the ink with a high surface tensi dREMACEDK
with a | ow surface tension are used in conbination. 10 - Thir
Embodiment - A fifts"gaNG A 4 NG RaLN1BAPEL-2ECR" ELA01 4. Lhe Lhi I
S tha recor

enbodi nent of the presenht invention | I'ng paper 1s nmainly
corposed of pul p Similar to the above instances, distinct recorded

images can be formed in the test examples employing the
cémbination that the quantity of ink transfer (VO) at
5 the contact timé 30 msec of the recording paper is
larger than the Vmax of the recording apparatus.
As is also seen from comparison of Fig. 3 with
Fig. 4, the quantity of ink tranSfer in each recording
paper shows a lower value when the inks B are used than

10 when the inks A are used. Hence, the relation between
the Vmax and the VO at 30 msec is reversed in the
combinations of the recording papers with the recording
apparatus in the test examples 16, 20 and 24
(corresponding to the test examples 4, 8 and 12).

15 Actually, when the inks B are used in themcombinations
employed in the test examples 16, 20 and 24, which are
the combinations of recording papers and recording
apparatus that have enabled formation of distinct
images when the inks A are used, it has turned out that

20 the bleeding occurs and only images with a poor
character quality level can be obtained, because of
improper combinations as recording systems.

In the test examples 25 to 28, the same recording
papers and inks are used as those in the test examples

25 14, 15, 17 and 18 and also the Vmax of the recording
apparatus is identical, but there is a difference in

the minimum ink-shoot time interval (T1l), where 30 msec
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fibers and a fi'ller and has a surface where pulp fibers 15 bared to the
surface’and pulp fibers covered with particles are present together in
partions. The recordi ng paper nay preferably have a surface where, within®
the range of 1 m®2 of the surface, at |east 48ne pul p fibet recognizabl e as
a fiber of 100 [err] Km 20 or longer is seen and al so som@npgﬁ 7 BREEREN
covered with particles and not recogni zabl e as having the s APREP g,feré
are present. A second feature of the recording paper acco drmg—to—the

d enbodi t . of | '
i nds of coet 11 oi St SBPESEAG ot F bcr: BeEiufS of AR G211

tested by

drive frequency.
As is seen from Fig. 4, the VO of the recording
paper 2 is 17 ml/m?* in the case of 30 msec, and 13 ml/m?
5 in the case of 18 msec. As a result, in the test

example 17 employing the combination that the like
recording paper and inks are used and also the Vmax of
the recording apparatus is identical, good recorded
images are formed, and, on the other hand, in the test

10 example 27, it has turned out that the bleeding occurs
and only images with a poor character quality level can
be obtained, because of an improper combination as a
recording system.

The test examples 29 to 32 are instances where the

lS. recording apparatus 6 is used and two kinds of inks (A
and B) are mixed.

In these instances, the Vmax of the inks A (blue
areas) is 15.9 nl/mm?’ and the Vmax of the ink B (black
areas) is 16.2 nl/mm?, which are substantially

20 identical. As is seen from Figs. 3 and 4, in the
recording paper 3, the VO at Tl = 30 msec is sufficient
with respect to the Vmax in the case of the inks A, but
shows a value lower than the Vmax in the case of the
ink B. The test example 31 using the recording paper 3

25 and the recording apparatus 6 shows the resﬁlts that
the bleeding occurs at the boundaries befween black

areas and red, green and blue areas, black characters
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the Bristow s met hod, where a change point Th at- which -18- Kal, changes
to Ka2 i's present at a tinme shorter than a mni numink-shoot tinme interval
Tl.for adjacent dots with different colors and Ka, and Ka2-satisfy the, z«--

.condition-of Kal < 5.0 and 5.0 < Ka2 < 15 (415 - Thereastrerent--by
the Bristow s test nmethod is nade using an ink of the re?H'ISdWF‘ BERN
used. Fig. 9 shows results of neasurenent by the Bri stow-s t REFLAGRD od.

show a poor quality level and only indistinct images
are formed.

In these instances, it is necessary to take
measures such that a recording paper with a higﬁ VO is

5 used, the Vmax for black ink is adjusted to be not
larger than the VO of the recording paper 3, an ink
with a lower surface tension is used as the black ink,
and the drive frequency is lowered to make the minimum
time interwval larger.

10 In the test examples 29 and 30, both the black
character quality level and the bleeding-freeness are
particularly good even when compared with the test
examples 2, 5, 14 and 17 in which the like recording
paper is used.

15 The test example 33 is an instance where the base
paper of the recording paper 1 is used as a recording
paper as it is, and the surface of the recording paper
is overall covered with pulﬁ fibers. In this instance,
the paper has good bleeding-free properties but shows

20 an insufficient image density.

The test example 34 is an instance where NP-DRY
paper (available from Canon Inc.),_which is usual
electrophotographic copying paper, is used as a
recording paper, and the surface of the recording paper

25 " is similarly overall covered with pulp fibers. In this
instance, only images unsatisfactory in every respect

are obtained.
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Recordlng paper F has Ka, < 5.0, has a small 10 percent of ink run and,
shows a' good character quality level. It, however, has no change p0|nt Th
and hence has a | ow ink absorption rate, causes serious bleedlng, i's
unsui tabl e especially for fufl-color |nages42aﬂd can not p
areas made conpletely full, resulting 15 in a |lowinmage
Recor di ng paper G has Kal 5 5.0 and also 5.0 < Ka. < 15.0, , :
smal | percent of ink run and shows a good character quality | evel . The

sati sfaction of the condi tlon Ka2 al.so.results in a m
density. It, however, IHEadeasthe SXRIRIE aé he &R i&ﬁtﬁ?F n%g%ﬁf%&nFEt

| nk- shoot tInE IQE GEH agﬂéradlvaﬁagbqgt§rom Canon Inc., which is a

conventional ink-jet recording coated paper, is used.

The surface of this recording paper is overall covered
5 with a pigment and no pulp fibers are seen on the
surface. In this instance, images with a certain level
are cobtainable. This paper, however, not only has a
hand very far from a feel-of plain paper, but also has
an unsatisfactory writability, or causes a problem of
10 dusting when images are formed in a large quantity.
- Examples of Second Embodiment -
Preparation of recording paper:
In a mixture obtained by beating 80 parts of LEKP
and 20 parts of.NBKP in 420 ml of C.S.F. as starting
15 material pulp, 10 parts-of silica, 0.4 part of
cationized starch, 0.2 paét of polyacrylamide
(available from Harima Chemicals, Inc.) and 0.25 part
of neutral rosin sizing agent (SIZE PINE NT, available
from Arakawa Chemical Industries, Ltd.) were mixed to
20 make a recording base paper 5 with a basis weight of 80
g/m? by a conventional method. In the same starting
material composition as tbe above, the silica was
replaced with 10 parts of alumina to make a recording
base paper 6 with a basis weight of 81 g/m? by a
25 conventional method. In the same starting material
composition as the one used for the recording paper 5,

the silica was replaced with 10 parts of pseudoboehmite
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with different cdlors), and hence the recordi ng paper has a poor ink
absorpftion and tends to cause bl eeding. Recording paper H has Kal < 5.0 and

Th < T1, and 25

hence has a snmall percent of ink ru .shows a godd
character quality level. It, however, has &2 < .15.0,

an ink absorption that the ink _19- may strike throggh thaxmﬁégoo

paper, resulting in a | ow i mage denS|ty Recor di ng paper

> 5.0 and

10

20

25

to make a recording base paper 7 with a basis weight of
82 g/m?* by a conventional method. In the same starting
material composition as the one used for the recording
paper 5, the silica was replaced with 10 parts of
kaolin (available from Tsuchiya Kaolin Ind., Ltd.) and
the neutral rosin sizing agent was mixed in an amount
of 0.4 part, to make a recording base paper 8 with a
basis weight of 82 g/m? by a conventional method.

The above recording base papers 5 to 8 were each
coated with the following coating solution by bar
coating so as to have a dried coating weight of 2 g/mé.
Thus, recording papers 5 to 8 were prepared.

Composition of coating solution:

Finely divided silica (MIZUKASIL P-78D, available from
Mizusawa Industrial Chemicals, Ltd.) 10 parts
Polyvinyl alcohol (PVA 105, available from Kuraray Co.,
Ltd.) 10 parts
Water 80 parts

The surface configurations of these recording
papers were observed on a scanning electron microscope
to prove that pulp fibers bared to the surface and pulp
fibers covered with particies were present together in
portions.

The recording papers 5 to 8 thus prepared were
tested by the Bristow's method to obtain the results as
shown in Fig. 8. Measurement was made using the

following inks D.
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Ka2 >-15. 0, and hence causes no bl eeding, but has a 5

i nk“run,” causes dot gain, and shows a poor character quality |evel

| ar ge percent of -
and a

| ow i mage density. Recording paper J has Th < T1 and 0 < Ka2 < 15.0, and.--.
hence causes no bl eeding while giving a higH#4 mage density, but has a targe

per cent of

condi ti on,

achi eve a snal

i nk run,

causes dot 10

and the use of such a recording paper

percent of ink run,

gain and shows a
qual ity level because of Kal > 5.0. Recording paper K gartHis SHEST HAS s

and to obtain 15

or character

makes it pq&@ththto

T mages wtira

ggod

character quality | evef®KacgBRBAS$FX®™y performance, no bl eeding, a high

| mge densi

ty

10

15

20

25

Inks C (surface tension: 34 dyne/cm):

Dye*
Glycerol -
Thiodiglycol

Urea

Acetylene glycol-EO addition product

(ACETYLENOL EH, available
Chemicals Co., Ltd.)
Water
*Dye:
Black; C.I. Food Black 2
Yellow; C.I. Direct Yellow 86
Magenta; C.I. Acid Red 289

Cyan; C.I. Acid Blue 199

X parts
5 parts
10 parts
7 parts
1 part

from Kawaken Fine

Balance

3.5 parts
2 parts
2.5 parts

2.5 parts

Inks D (surface tension: 48 dyne/cm):

Dye*
Glycerol
Thiodiglycol

Isopropyl alcohol

Urea
Water
*Dye:
Black; C.I. Food Black 2
Yellow; C.I. Direct Yellow 86

Magenta; C.I. Acid Red 35.

Cyan; C.I. Acid Blue 199

X parts
5 parts
5 parts
4 parts
5 parts

Balance

3.5 parts
2 parts
2.5 parts

2.5 parts
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and, a high minuteness. The present invention will be described belowin
greater detail with respect to the first to third 20 enbodi nent s

descri bed above. The recordi ng base paper used in the present invention:rs
mai nly conposed of chemnical pulp as typifie4Sby LBKP and NBKP, a sizing
agent and a filler, as well as other paper making auxiliaries optionally 25
used, and is nmade by conventional nethods. As pul p materifafras 4gg HA
mechani cal pul p and waste paper regenerated pulp may be uged irREPLACEg BEEN
conbi nati on, or any of

Recording apparatus:
Images were recorded using a recording apparatus
mounted with the ink-jet type recording heads described
above, utilizing heat energy as an ink ejection source,
5 to evaluate recording suitability. The following -
apparatus was used as the recording apparatus.

A recording apparatus mounted with recording heads
having 14.2 recordiﬁg nozzles per 1 mm. The recording
heads are driven at a drive frequency of 6 kHz to eject

10 inks. Average values of the volume of ink droplets
ejected from the recording heads for each color were
actually measured to obtain the results as follows:
Black: 38 pl; yellow: 41 pl; magenta: 39 pl; and cyan:
39 pl. When the ink-jet recording was carried out

15 using the recording apparatus, the ﬁéximum guantity of
ink imparted to one picture element was 80 pl, which
was a quantity at the time of red-color printing (a
mixed color of yellow and magenta) and at the time of
green-color printing (a mixed color of yellow and

20 cyan), and the maximum ink quantity of this recording
system was 16 nl/mm?.

Evaluation items:

1. Image density

Solid images of 100% duty were formed using a

25 black ink (ink composition C or D), and their
reflection densities after leaving for 12 hours were

measured with a reflection densitometer Macbeth RD-918.
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- 20 - ‘themnmay be used as a nmain conponent. ThHe sizing agent may include
rosin stzes, al kyl ketene diners, al kenyl succinic anhydrides, petroleum
resin sizes, epichlorohydrin and acrylamde:. 5 The filler may include
cal ci um car bonat-e, kaolin, talc. and titantud® di oxide. In the present

I nvention, exanples thereof are by no means linted to these. As a surface

..

coat material, it may include casein, starch, cellul ose Gfﬁf HeS—SHGh
car boxynet hyl 10 cel l ul ose and hydroxynet hyl cell ul oge ﬁﬁﬁf%ﬁﬁﬁﬁﬁ?ﬂV
resins having a swellability to ink, as exenplified by ACED

2. Bleeding

Blue, green and red solid images were printed so
as for their respective areas to adjoin to each other,
and the degree of bleeding at the boundaries between

5 different colors was visually observed. An instance
where the boundaries were distinguishable as straight
lines was evaluated as "AA"; an instance where the
boundaries were sharp but slightly lack in straightness
of lines, as "A"; an instance where inks mixed one

10 another to make the boundaries indistinguishable, as
"c"; and an instance intermediate between "A" and “C",
as "B".
3. Character quality level
Characters "gg" (Chinese characters with 13 and
15 22 strokes) were printed in black, yellow, magenta,
cyan, blue, green and red colors to make evaluation.
An instance where sharp characters with clear edges
were formed in all the black, yellow, magenta, cyan,
blue, gréen and red colors was evaluated as "A"; an
20 instance where characters with crushed lines were
formed and not legible, or had a very poor quality
level, as “C".

Results of the evaluation made on recording papers

5 to 8 are shown in Table 2.

25
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pol yvi nyl al cohol,
pol yacryl am de;

nmot ecul e, 15

styrene/acrylic acid copol yner;
exenplified by silicone oils,

pol yvi nyl pyrroliddne, sodiun1p6|yacry|ate and

resi ns having hydrophilic part and hydrophobic part in the
acrylic enulsion and a oo

as exe

nplified by SBR | at ex,
subst ances Raving a water repellency, as

paraffin waxes and fluorine conpounds and

Inorganlc

the sizing agents set forth above 20

pi gnents hitherto conmmonly used may al so be used in co

of the inorganic pignents can be silica, alum na, alum
clay and talc.

magnesi um silicate, hy

10

15

20

25

30

drotalcite, titaniumabliedg,

Results of evaluation

Test Char-

exam- Record- : acter

ple ing - Ink Image Bleed- quality

No. paper density _ing level

36 Ex. 5 c 1.46 AA A

37 Ex. 6 C 1.48 AA A

38 Ex. 7 C 1.51 AA A

33 Cp. 8 ol 1.21 c C

40 Ex. 5 D 1.49 A A

41 Ex. 6 D 1.52 A A

42 Ex. 7 D 1.54 A A

43 Cp. 8 D 1.25 o Cc

44 Ex. 5 Bk;D/CMY;C 1.49 AA A

45 Ex. 6 Bk;D/CMY;C 1.53 AA A

46 Ex. 7 Bk:D/CMY;C 1.54 AA A

47 Rf. 8 Bk;D/CMY;C 1.23 B C

Ex.: Example e

Cp.: Comparative Example This Sheot Has Been Repl.

A
Operational advantages of the invention in test
examples:
Operational advantages of the present invention

will be more specifically explained with reference to

Fig. 8 and Table 2.

In the recording apparatus used in the test



25 are by no neans limted to these. Exanples of t he organi ¢ pi gnent
cah be plastic pignents such as urea resins, urea-formalin resins,

pol yet hyl ene resins and -21 - polystyrene resins. Exanples are by ndé -’
nmeans limted to these! Any of these mater#dls nay bep '
recording surface in an amount of about 0.1 to 5 g/ni ¢riHLS SHEET HAS BEENq

prepare the recordi ng paper of the present invention“41gmﬂﬂﬂﬂﬁEEEgL£gﬁﬂing

sol uti on cont ai ni ng

examples, the minimum ink-shoot time interval (Tl)for
adjacent dots is 30 msec (Tl = 5.5 msec’?). As shown
in Fig. 8, the quantity of ink transfer at the minimum
ink-shoot time intervals (Tl)for adjacent dots, of the

5 base paper used in the recording papers 5 to 7 is
larger thén the maximum shot-in ink quantity pf the
recording system.

The recording papers 5 to 7 making use of the base
paper having the value of coefficient of absorption Ka

10 that satisfies Ka 2 10 makes it possible to obtain
highly minute images well free of bleeding and with a
good character quality level in every recording system
in which the inks C with a low surface tension or the
inks D with a high surface tension are used or the both

15 are—hsed in combination.- |

On the other hand, the recording paper 8 making
use of the base paper of Ka < 10 shows poor results
both in bleeding and character guality level, and has
no ink-jet recording suitability.

20 - Examples of Third Embodiment -

Preparation of recording paper:

In a mixture obtained by beating 80 parts of LBKP
and 20 parts of NBKP in 420 ml of C.S.F. as starting
material pulp, 10 parts of silica, 0.4 part of

25 cationized starch, 0.2 part of polyacrylamide
(available from Harima Chemicals, Inc.) and 0.25 part

of neutral rosin sizing agent (SIZE PINE NT, available

This Sheet Has Been Rep laced




the pignent, -resin and other additives as descri bed above may be applied to -
the surface of the base paper by known processes as exenplified by rol
coating, 10 bl ade coating, air-knife coating, gate roll coating, sSi ze. -
pressing and Sinmu Sizer Process. Thereafter,o1he coating ed _usi ng,
e.g., a hot air drying furnace or a hot drum Thus, the é@ﬁﬁ@ﬂﬁ@raapggEg
the present invention can be obtained. In order to furthe EPLsommt hen
the surface or increase the surface strength, super cal endering may bDe
applied. Using the materials as described above, the recordi ng paper having

the surface configpomidr@kataachenttast IAdedtiies priasknt werecniixed ks
pr epar ed.

make a recording base paper 9 with a basis weight of 80
g/m?* by a conventional method. In the same starting
material composition as the above, the silica was
5 replaced with 10 parts of alumina to make a recording

base paper 6 with a basis weight of 81 g/m? by a
conventional method. In the same starting material
composition as the one used for the recording paper 9,
the silica was replaced with 10 parts of pseudoboehmite

10 to make & recording base paper 11 with a basis weight
of 82 g/m* by a conventional method.

In the same starting material composition as the
one used for the recording paper 9, the silica was
replaced with 10 parts of kaolin (available from

15 Tsuchiya Kaolin Ind., Ltd.) and the neutral rosin
sizing agent was mixed_in an amount of 0.4 part, to
make a recording base paper 12 with a basis weight of
82 g/m? by a conventional method.

The above recording base papers were each coated

20 with the following coating solution B by bar coating so
as to have a dried coating weight of 2 g/m?. Thus,
recording pépers'g to 12 were prepared. Similarly, the
same base paper as the recording base papér 9 was
coated with the following coating solution A to prepare

25 recording paper 13.

Composition of coating solution A:

Finely divided silica (MIZUKASIL P-78D, available from

cet Has Been Replaced
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26, . = The recording paper of the present invention is prepared so as
to have a water extraction pH of 6 or nore, and preferably 7 or nore. The
wat er extraction pHis a value obtained by nmeasuring, according to JIS:---

Z-8802, the pH of an extract fornmed when alsut- 1.0 g of ; iece
is imersed in 70 M of distilled water as prescribed i f%§ﬂ?5ﬁﬁﬁﬁa$§m he
pH is less than the above range, a problem may arise i n™w Eiﬁﬁﬂi__~: 22

- long-termstorage stability of the paper itself, and

Mizusawa Industrial Chemicals, Ltd.) 10 parts

Polyvinyl alcohol (PVA 105, available from Kuraray Co.,
Ltd.) ' 10 parts
Water . 80 parts
5 Composition of coating solution B:

Finely divided silica (MIZUKASIL P-78D, available from
Mizusawa Industrial Chemicals, Ltd.) 5 parts
Cationized polyvinyl alcohol (CM-318, available ffom
Kuraray Co., Ltd.) 15 parts

10 Water 80 parts

The surface configurations of these recording

papers were observed on a scanning electron microscope
to prove that pulp fibers bared to the surface and pulp
fibers covered with particles were present together in

15 portions.

The recording papers 9 to 13 thus prepared were
tested by the Bristow's method to obtain the results as
shown in Table 3. Measurement was made using the
following inks E.

20 Ink composition:

Inks E (surface tension: 48 dyne/cm):

Dye* X parts
Glycerol 5 parts
Thiodiglycol 5 parts
25 Isopropyl alcohol 4 parts
Water Balance

*Dye:

This Sheet Has Been Replaced
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dyes may exhibit no satisfactory color form ng perfornmance on the paper

surface." Wth regard to stockigt sizing degree of the 5 recordi ng paper
t hus prepared, inks can never be absorbed in paper if it ls_too high, and -
hence the fixing performance and drying per8arrance of i NkSHRAE
tend to become poor. Thus, the stockigt sizing degree may prefgggQl
the range of fromO 10 to 40 seconds. Wth regard to the Tmke~&h
used when the ink-jet recording is carried out on the recordi ng paper

descri bed above, known inks can be_used w thout any problens. As coloring

materials for the iRk&cki(Ci%. Food Black 2 3.5 parts
Yellow; C.I. Direct Yellow 86 2 parts
Magenta; C.I. Acid Red 35 2.5 parts
Cyan; C.I. Acid Blue 199 2.5 parts
5] Recording apparatus:

Images were recorded using a recording apparatus
mounted with the ink-jet type recording heads described
aboée, utilizing heat energy as an ink ejection source,
to evaluate recording suitability. The following

10 apparatus was used as the recording apparatus.

A recording apparatus mounted with recording heads
having 14.2 recording nozzles per 1 mm. The recording
heads are driven at a drive frequency of 6 kHz to eject
inks. Average values of the volume of ink droplets

15 ejected from the recording heads—for each color were
actually measured to cobtain the results as follows:
Black: 38 pl; yellow: 41 pl; magenta: 39 pl; and cyan:
39 pl. When the ink-jet recording was carried out
using the recording apparatus, the maximum quantity

20 of ink imparted to one picture element was 80 pl, which
was a quantity at the time of red-color printing (a
mixed color of yellow and magenta) and at the time of
green-color printing (a mixed color of yellow and
cyan), and the maximum ink quantity of this recording

25 system was 10 nl/mm?.

Evaluation items:

1. Image density S
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15 possible to use water-soluble dyes -as typified by direct dyes, acid
dyés, basic dyes, reactive dyes and food dyes, which can be used wi t hout
any particular limtations so long as they are those used in usual ink-j-et
recordi ng.- 20 However, as a parti<uZardy preferred enbodi nent in

the ink-jet recording process of the present invention, ity H1S sE ,} k=j-et
recordi ng process naking use of inks containing a dlrect dye qg%igﬂﬁ%ﬁﬁggnd
dye as a recording agent or agents. In conventional inks, -

wat er - sol ubl e dyes are conmonly used in such a proportion that they
conprise about 0.1 to P@%ﬁb&mﬂéﬁﬁhPf 1P@R rytharene formed psépeor & on al so

in the

black ink, and their reflection densities after leaving
for 12 hours were measured with a reflection
densitometer Macbeth RD-918.
5 2. Bleeding
Black, yellow, magenta, cfan, blue, green and red
solid images were printed so as for their respective
areas to adjoin to each other, and the degree of
bleeding at the boundaries between different colors was
10 visually observed. An instance where the bleeding was
at a level not problematic in practical use was
evaluated as "A"; and other instances where it was at a
lower level, as "C".
' Results of the evaluation made on recording papers

15 9 to 13 are shown in Table 3.
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-2§j present i nvention._ Solvents-used in water-based inks used in the
present invention may conprise water or a m xed solvent of water and a.
wat er - sol ubl e organic solvent, and 5 paggicul arly preferably a i xed
sol vent of water and a water-sol ubl e sol vent, contai:ning t he

wat er - sol ubl e organi c sol vent a pol yhydric alcohol.having a"ﬂsﬂﬁEﬁFMAQQE

e v e

preventive effect. An ink-jet recording nethod will be degcri betkpLacgp

Table 3
Coeffi- Results of evaluation
Test cient _ Per- Over-
5 ex- Re- of ab- Change cent all
am- cord- sorption point Image of eval-
ple ing Ka, Ka, (T,) den- ink Bleed- wua-
No. paper sity run ing tion
{msec)
10 48 9 2.2 9.2 12 1.62 2.43 A A
49 10 3.7 6.8 12 1.68 2.50 A A
50 11 4.6 8.3 12 1.63 2.52 A A
51 12 0.5 - None 1.25 2.02 ¢C c
52 13 10.0 16.2 24 1.46 2.93 A C
15

Operational advantages of the invention in test

examples:

Operational advantages of the present invention

20 will be more specifically explained with reference to
Table 3.

In the recording apparatus used in the test
examples, the minimum ink-shoot time interval (Tl)for
adjacent dots is 30 msec. The recording papers 9 to 11

25 satisfying the conditions of the coefficient of
absorption Ka, and Ka, and change point Th provide
a high image density and also have a low percent of ink
run, and hence make it possible to obtain highly minute
images with a good character quality level without

30 causing bleeding.
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10, bel ow. The ink-jet recording process of the present jnvention can be
applied to any conventionally known ink-jet recording methods which carry
ouwt recording by ejecting ink droplets fromnozzles, utilizing varlous-
types of drive mechanisns. As typical exandldes 15 - there(fmI EE read
the nethod discl osed in Japanese Patent Application Laid-open %«k %&
i.e., an ink-jet recording nethod in which an ink having uf
action of heat energy causes an abrupt change in volunme and the ink is
ej ected froma nozzle 20 or.ce_of_ act.ion_ attri.but

h
change in state. An e &}éh%ﬁghﬁﬁﬁ :j @F ’r’éc‘g}edlrﬁé:oggﬁé‘ %?Srt A

the one having Ka, of 5 ml/(m’-msec'’?) or less but

having no change point has a percent of ink run which
is too low to make solid areas full, resulting in a low

5 image density, and has a poor rate of ink absorption to
cause bleeding.

As in the recording paper 13, the one having Ka, of
5 ml/(m?-msec*?) or more has a large percent of ink run,
resulting in a poor character quality level. Since it

10 also has Ka, of 15 ml/(m’-msec’?) or more, it has an
excessively good ink absorption, resulting in a low
image density.

Thus, the recording paper of the present
invention, prepared in the manner described above, and

15 the recording process making use of such recording
paper make it possible to achieve a high color forming
performance and a good character quality level without
causing bleeding, as required, in particular, for
full-color ink-jet recording paper, and to form images

20 having a water fastness, comparable to those formed on
coated paper.

The present recording paper may also cause no
paper dust due to fall of coat layers and has the hand
like plain paper.

25 Moreover, the present recording paper can be also
used as recording paper for electrophotographic

recording, thermal transfer recording and impact

This Sheet Has Been Replaced
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preferable in the ink-jet recording process of the present invent.ion wll
be ‘descri bed bel ow. Figs. 10, 25 .11 and 12 show exanpl es of the
construction of the recording head, which is a.main.conponent of the
appar at us. - 24 - Ahead 13 is forned byJ§ond|ng a gl ass;
plastic plate or the like provided with an ink flow path 14,
head 15 having a heating resistor used in thermal recording (
shows a head, to : :

recording, can be also used as writing paper writable
with ball point pens, pencils or the like, having high
general-purpose properties, and can be provided at a
very low cost compared with coated paper.

3 A recording paper comprising pulp fibers and a
filler has a surface where pulp fibers bared to the
surface and pulp fibers covered with particles are
preéent together in portions. The quantity of ink
transfer at a minimum ink-shoot time interval for
adjacent dots with different colors as measured by the
Bristow's test method is not smaller than a maximum
shot-in ink quantity per unit area of recording” system

used.
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5- which, however, is not lim-ted). The heating head 15 is conprised of
a protective- f|In116 forned of S|I|con oxide or the |ike, alum num
el.ectrodes 17-1 dhidSh ng resistor |ayer 18 formed of nichrome or
the like, a heat a yer 19, andge -substrate 20~1 with good
heat di ssi pation p e of alumna or the Ilike. [

reached an ejection orlflce (m nute opening) 22 and a nenilsgus mﬁmh%g,
there by a pressure P. 15 Now, upon application of electT

to the electrodes 17-1 and 17-2, heat is abruptly generated at the reglon
denoted by n in WHATi BSr GRATIMERAJISS, so that

1. A recording paper comprising pulp fibers and a

filler, i) having a surface where pulp fibers bared to
fﬁé surface and pulp fibers covered with particles are
5 present together in portions, and ii) wherein the
quantity of ink transfer at a minimum ink-shoot time
interval for adjacent dots with different colors as
measured by the Bristow's test methéd is not smaller
than a maximum shot-in ink quantity per unit area of a

10 recording system used.

2. An ink-jet recording process comprising

imparting ink droplets to a recording paper to make a
record, wherein the recording paper comprises pulp

15 fibers and a filler, i) having a surfac; where pulp
fibers bared to the surface and pulp fibers covered
with particles are present together in portions, and
ii) wherein the quantity of ink transfer at a minimum
ink-shoot time interval for adjacent dots with

20 different colors as measured by the Bristow's test

method is not smaller than a maximum shot-in ink

quantity per unit area of a recording system used.

3. The ink-jet recording process according to
25 claim 2, wherein three color inks of vellow, magenta

and cyan are used.

* c L M S *



bubbl es are generat-ed-in._the ink 21 comng into contact with this region.
The pressure thus produced thrusts 20 out the neniscus 23 and the ink is
ej.ected fromthe o Has BeenReplaced f or m of recording mnute drops 24 to fly
agai nst a recording g. 12 schgmatically illus s_a

mul ti-head conpri si shown in Fig. 10 arrangep THES SHERIT IS peeN
nunber. 25 This multi-head is prepared by closely bondi a_QEBlsACRY at e
27 having multiple grooves 26, to a heating head 28 simlar to the heat =s

illustrated in Fig. 10. .
4. The ink-jet recording process according to

claim 2, wherein said ink droplets are imparted to the
recording paper by causing heat energy to act on the

ink to eject the ink droplets from an orifice.

5. The ink-jet recording process according to

claim 3, wherein a black ink is further used.

6. The ink-jet recording process according to
10 claim 5, wherein the surface tension of said black ink
is larger.than that of other ink with different color,
and the quantity of ink transfer as measured by
Bristow's test method using the black ink is not less
than the maximum shot-in ink quantity per unit area of

15 the recording system useé;

7. The ink-jet recording process according to
claim 5, wherein the surface tension of said black ink
is in the range of from 45 to 60 dyne/cm and the

20 surface tension of the yellow, magenta and cyan inks

each is within the range of from 25 to 35 dyne/cm.

8. A recording system comprising an ink-jet
recording apparatus and a recording paper used therein,
25 wherein the recording paper comprises pulp fibers and a
filler, i) having a surface where pulp fibers bared to

the surface and pulp fibers covered with particles are

I



. 25- Fig. 10 is a“_CT"OS'S“'S‘écTi—GnHI—V'Téw of the head 13 along its ink flow
path, and Fig. 11 |msggegﬁ§35§,%§ view along the line 11-1I in Fig.

10. Fig. 13 shows an I nk- Jet recording 5 —_apparatys-in :
whi ch Such a head has Hgﬂﬂ

ated. "I ¥8F"g. 13, r ef|eTHIR GEEBFRET A6
denotes a bl ade servi menber in the form ¢f a camph ne
end of which is a statlonary end retalned by a bl ade-r et al NI Ny~ MeRbs e

bl ade 61 is provided at 10 the position adjacent to the region in which
a recordi ng head a,rec resent .exa the pblade is
retained in suchpggégfﬂrﬁ Fﬂg?gf‘?rplr?)]éc %‘P %, Tha®13TPURerb IR thé

quantity of ink transfer at a minimum ink-shoot time

interval for adjacent dots with different colors as
measured by the Bristow's test method is not smaller
5 than a maximum shot-in ink quantity per unit area of a

recording system used.

9. The recording system according to claim 8,
wherein three color inks of yellow, magenta and cyan

10 are used.

10. The recording system according to claim 8,
wherein said ink-jet recording apparatus employs a
process comprising causing heat energy to act on the

15 ink to eject ink droplets from an orifice.

11. The recording system according to claim 9,

wherein a black ink is further used.

20 12. The recording system according to claim 11,
wherein the surface tension of said black ink is larger
than that of other ink with different color, and the
quantity of ink transfer as measured by Bristow's test
method using the black ink is not less than the maximum

25 shot-in ink quantity per unit area of the récording

system used.



td_the‘course through which the recording head is noved. Reference nunmeral
62 dénotes a cap, which is 15 provi ded at the hone position adjacent to
the blade 61, and is so constituted that it noves in the ThisSbest Hasieen Replaced

perpendi cular to the direction in which thegrecordi ng head !‘ ﬂ“mm

cones into contact with the face of ejection openings to c ng.
Ref erence 20 nunmeral 63 denotes an ink absorber provided adjoiningly to
the blade 61, and, simlar to the blade 61, is retained in such a formthat
it projects to the course through which the recording head is noved. The
above bl ade 61, cap 6¥3andTh®s%reRTdigw system:grspraing hA €1eERi bh.

restorati on assenbly 64, where . L.
wherein the surface tension of said black ink is in the

range of from 45 to 60 dyne/cm and the surface tension
of the yellow, magenta and cyan inks each is within the

5 range of from 25 to 35 dyne/cm.

14. A recording paper comprising a base paper

mainly composed of pulp fibers énd a filler, i) coated
with a coating solution containing pérticles, to have a

10 surface where pulp fibers bared to the surface and pulp
fibers covered with particles are present together in
portions, and ii) wherein the base paper has a
coefficient of absorption Ka of not less than 10
ml/(m?’.-msec!’?) at a contact time of not longer than 4

15 msec as measured by the Bristow's test method using an
ink having a surface tension of 45 to 50 dyne/cm at

25°C.

15. The recording paper according to claim 14,

20 wherein the quantity of ink transfer of the base paper
at a minimum ink-shoot time interval for adjacent dots
with different colors as measured by the Bristow's test
method using an ink having a surface tension of from 45
to 50 dyne/cm is not smaller than a maximum shot-in ink

25 quantity per unit area of the recording system used.

16. An ink-jet recording process comprising color

A



the bl age 61 and'the—abse%bet—ﬁs—tennve'the water, dust or the like from

the ink ejection = F@ference nuneral 65 denotes the
recordlngjhead ha\?ﬁﬁﬂh‘&gﬂa%eenR %nergy gener ating means 4§

t he recordi ng nedlu ly to the ¥ ecti-on -openin
with ejection open| arry out recording. Refe 6Q

denotes a carriage on mhlch the recording head 65 is mounted so that the

recordi ng head 65 can be noved. The carri age
recording carried out on the recording paper according

to claim 14 or 15, using three color inks of yellow,

magenta and cyan.

5 17. The ink-jet recording process according to
claim 16, wherein said ink-jet recording is a process
comprising causing heat energy to act on the ink to

eject ink droplets from an orifice.

10 18. The ink-jet recording process according to

claim 16, wherein a black ink is further used.

19." The ink-jet recording process according to
claim 18, wherein the surface tension of said black ink
15 is in the range of from-45 to 60 dyne/cm and the
surface tension of the yellow, magenta and cyan inks

each is within the range of from 25 to 35 dyne/cm.

20. A process for_producing a recording paper,

20 comprising the step of applying to a base paper mainly
composed of pulp fibers and a filler a coating solution
containing pafticles, to produce a recording paper
having a surface where pulp fibers bared to the surface
and pulp fibers covered with particles are present

25 together in portions; said base paper having a
coefficient of absorption Ka of not less than 10

ml/(m?*-msec’?) at a contact time of not longer than 4

IIII|I|| IIIIII IlIlI IIIII | |II|



66 is slidably associated—wi-th a guide shaft 67. Part of the carriage 66-s
cornnected (not shown) mﬁ%plﬁupelt 10 69 driven by a notor 68. Thus, the
carriage 66 CWsShest ¥ ng the guide 67 and hence the recording head 65
can be noved f a ﬁg region to g gegion adjacent theretg,

Ref er ence nune a paper feeding part 15 frorfmmWSHEErHAsBEEQ"
recording nmediuns are inserted, and 52, a paper feed roller|dri vVREPDNCED .
notor (not shown). Wth such construction, the recording nediumi1s Ted—to

t he position opposing to the ejection opening face of the recording head,

and, with progresse®fas engliregi b0 the Buiptdwes tesot mephapdrusinguan

section provided with a _
ink having a surface tension of 45 to 50 dyne/cm at

25°C.

5 21. A recording-paper comprising pulp fibers and
a filler, i) having a surface where pulp fibers bared
to the surface and pulp fibers covered with particles
are present together in portions, and ii) wherein the
paper has two kinds of coefficient of absorption Ka, (t,

10 < T,) and Ka, (t, > T,) when tested by the Bristow's
method, where a change point Th at which Ka; changes to
Ka, is present at a time shorter than a minimum
ink-shoot time interval Tl for adjacent dots with
different colors and Ka, and Ka, satisff the following
15 condition.
Ka, £ 5.0

5.0 < Ka, £ 15.0

22. An ink-jet recording process comprising color
20 recording carried out on the recording paper according
to claim 21, using three color inks of yellow, magenta

and cyan.

23. The ink-jet recording process according to
25 claim 22, wherein said ink-jet recording is & process
comprising causing heat energy to act on the ink to

eject ink droplets from an orifice.

T



paper output roller 53. In the above constitution, the cap 62 of the head
restoration assenbly 64 is receded fromthe noving course of the recording
head 65 when the recordi ng head 25 65 is returned to its home posi tion,
e.g., after conpletion of recording, and-tf2 bl ade 61 stands
t he noving course. As a result, the - 27 - ejection openi
recordi ng head 65 is w ped. Wien the cap 62 cones into cont

24. The ink-jet recording process according to

claim 22, wherein a black ink is further used.

25. A recording system comprising an ink-jet
5 recording apparatus and a recording paper used therein,
wherein said recording paper is the recording paper

according to claim 21.

This Sheet Has Been Replaced
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ej ectiop opening face of the recording head 65 to carry out capping, the
cap 62 is noved in such a way that it 5
the recordi ng head. Wien the recording head 65 is noved fromits hone ~
position to the position at which recording€ds started, t! g
bl ade 61 are at the same position as the position where t eT%§é%FﬁB#ASBEENf
opening face is wiped. 10 the ejection opaj;ng REFLAGED +{ he |
recording head 65 is wiped also at the tinme of this novenent. The above

novenent of the
time of the conp

HRAHI e

As a result,

projects to the nmoving course of.

position is made not only at the

gl B15EE0808E

T-Of

Ul 1CSC

rarng or

Storation of ejection, but 15

al so when the reCOFdiﬂgrQeanhﬁg”BXEQrb&&Mﬁf{gﬂﬁfQﬁﬂkﬁQibers and a

filler has a surface where pulp fibers bared to the

surface and pulp fibers covered with particles are

5 - present together in portions. The quantity of ink

transfer at a minimum ink-shoot time interval for

adjacent dots with different colors as measured by the

Bristow's test method is not smaller than a maximum

shot-in ink quantity per unit area of recording" system

10 used.
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regions for the purpose of recording, during which it is noved to the hone
position adjacent to each recording region at given intervals, where the
ej ection open;ng_iace_Ls.mmped i n accordance with this novenent. 20

When adapted.to -co or recordlng recordi ng heads respectlvely hol di ng

bl ack, cyan, ¢bw i nks are arranged on the ge-66 | n

parallel by fo “ pl ace of tq %ecordlng heads grrange ETMASBEFN
head may bJ’ di vi ded i nttg RERACEDONS

parallel, a si
in a colunn Al so, in place of the four color inks, cyan, nmagenta and

yell ow three color inks may be used.
FIG. 1

INK TRANSFER
QUANTITY [m1/m?]

IV
/a/
MAX | MUM I
INK 5> |
QUANTITY S

CONTACT TIME %

O : QUANTITY OF INK TRANSFER AT
MINIMUM INK-SHOOT TIME INTERVAL
T1 FOR ADJACENT DOTS

FIG. 2

_V -LOW

VI-LOW
VI-HIGH

INK TRANSFER
>< QUANTITY [ml/m?]

V -HIGH

QUANTITY
CONTACT TIME vt

O : QUANTITY OF INK TRANSFER AT
MINIMUM INK-SHOOT TIME INTERVAL
T1 FOR ADJACENT DOTS



- 28 - EXAMPLES The present invention will be described below in greater
detail by giving Exanples. In the following, "part(s)" is "part(s) by

wei ght". 5 - Exanpl es of Fir'st Enbodi ment - Preparation of
recordi ng paper: In a mixture obtained by beating 80 parts~f_ LBKP and 20
parts of NBKP in 430 mi of C.S.F. as starting nateri al pulbjﬁﬂﬂsHEgﬁﬁAghEEN

kaolin (avail able from 10 Tsuchi ya @?9bin Ind., Ltd.), 0.4 PREPLAFED.
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starch and 0.2 part of polyacrylam de (avail able from Hari ma Chem cal s,
Inc.) were mxed to nake a recordi ng base paper 1 with a basis weight of 81
g/nmerr] by a conventional nethod. In the same starting material 15
conposition as the above, 0.075 part of neutral rosin sizing agent (SIZE

PI NE NT, avail able from Arakawa Chenical I ndustries, Ltd.)
m xed to nake a recordi ng base paper 3 éh a basi s wei ght
by a conventional nethod. The preparati’dn’of the 20 rec
2 was repeated to nake recordi ng base papers 3 and 4, except that the

neutral rosin sizing agent was used in an anmount of 0.25 part and 0.4 part,
respectively.
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The above recordi ng base papers were each coated 25 with the foll ow ng
coating solution by bar coating so as to have a dried coating weight of 2

g/merr]. Thus, recording papers 1 to 4 were prepared. -29- Conposition
D—avail abl e from

of coating solution: Finely divided silica (MZUKASIL P-78
M zusawa | ndustrial Chem cals, Ltd.) 10 parts Pol yVITHIS SiHEGG S\
(PVA 105, avail able from Kuraray Co., 2/9 Ltd.) REPLACED EN

10 parts

FIG. 5

BASE
PAPER

RECORDING

/ PAPER

CONTACT TIME ¥t [msec]

INK TRANSFER
QUANTITY [m!/m?]

FIG. 7

INK TRANSFER
QUANTITY [mt/m?2]
S

.

MAX I MUM 3,,,———""""
SHOT-IN |
INK
QUANTITY
T

CONTACT TIME vt [msec]

This Sheet Has Been Replaced O : QUANTITY OF INK TRANSFER AT
AR MINIMUN INK-SHOOT THE INTERVAL

T1 FOR ADJACENT DOTS




Wat er 80 parts The surface
configurations of these recording papers were observed on a scanning
electron mcroscope to prove that pulp fibers bared to the surface and pulp
10 fibers covered with particles were present together in—partions. The
recording papers 1 to 4 thus prepared were tested by the Bri s 818 sl
to obtain the results as shown in Figs. 3 and 4. Fig.. 3 shows resammgcgb
obt ai ned 15 using the follow ng fulIS€8 or inks A as test solUTTO
Fig. 4 shows results obtained using the followng full-color inks B. I nk
conposi tion:
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I nks A (surface tension: 34 dyne/cm: 20 Dye*

X parts dycerol 5 parts Thi odi gl ycol

10 parts Urea 7 parts

Pol yoxyet hyl ene nonyl phenyl et her 1 part 25 (NO GEN

EA-30, available fromDaiichi Chemi cal Industries, Ltd.) A —

Bal ance - 30 - ' "Fens SS;ET HAS BEEN
: 6/9 LACED
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*E;ye: Bl ack; C.I. Food Bl ack 2

Direct Yellow 86
2.5 parts 5
B (surface tension:

Cyan;
48 dyne/cm: Dye* _

2 parts Magent a;
Acid Blue 199

C 1.

3.5 parts Yellow, C.I.
C.l. Acid Red 289
: 2.5 parts Inks

X parts dycerol 5 par ' | ycol
5 parts 10 | sopropyl al cohol nﬂsﬁaﬁﬁﬁn EEN
Bal ance *Dye: Black; C.1. Food Black 2 7/9 BACED -
I
H
J
K
G

INK TRANSFER QUANTITY [ml/m?]

|

%%F

ThéY The!
T
CONTACT TIME v [msec]

| e | e | e
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This Sheet Has Been Replaced

AR




Yellow, C.I. Direct Yell ow 86 2 parts 15 Magenta; C.I.
Acid Red 35 2.5 parts Cyan; C 1. Acid Blue 199

2.5 parts Recordi ng apparatus: |mges were recorded using recording
apparatus nounted with the ink-jet type recordi ng heads descri bed 20

above, utilizing heat energy as an ink ejection source, to

recording suitability. The foll ow ng seven kinds of appara us %ETUBWB%
t he recordi ng apparatus. - Recording Ag Qat us 1 - B ng
apparatus nounted with recordi ng heads having 23.6 record| ng nozzl es p*T‘*&r
nmm The recording 5

’ 1}3 . 1!1 L
.)__?____’L\’:____JB( 2%
N Ce 4

15{ T% 7 { == L, =0
16 17.)_1 18 1% 2{70 ‘::77_2
11
FIG. 12
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heads are driven at a drive frequency of 10 kHz to - 31 - eject inks.
Aver age val ues of the volune of ink droplets ejected fromthe recording
heads for each color were actually measured to obtain the results as
follows: Black: 21 pl(picoliter); yellow 20 pl; 5 magenta: 22 pl; and
cyan: 22 pl. Wen the ink-jet recording was carried out 'Sug EE%"?{AS. BEEN l
recordi ng apparatus 1, the nmaxi mum quantity of ink inparit t ?Fﬁﬂ&%!’ﬁl cture
el ement was 44 pl, which was a quantit/ 9t the tinme of - e

This Sheet Has Been Replaced

AT




bl ue-color printing (a m xed color of nagenta and 10
maxi mum i nk quantity of this recording systemwas 24.6

e
NT SHEET

LAC

nt (nanoliter)/mierr]. - Recording Apparatus 2 - A recordi g apparatus
nounted with recordi ng heads having 14.2 recordi ng nozzl ¢s p?{z“ bEmggg'he
recordi ng 15 heads are driven at a drive‘f?eﬁuency of |6]k 10 e]ect

I nks. Average val ues of the volune of ink droplets ejecté¢d*-romthe
recordi ng heads for each color were actually nmeasured tojobtain the result
as follows: Black: 38 pl; yellow 41 pl; magenta: 39 pl; and cyan: 20
pl . Wen the ink-j et r%%%&ﬁg"‘@ép&@[riﬁg-ﬁ% RRIA Y Prot¥sd Qg
apparatus 2, the maxi mum quanti Ty

Recording System Making Use of the Recording Paper

BACKGROUND OF THE INVENTION
5 Field of the Invention

This invention relates to a recording paper, in
particular, a recordiqg paper useful for color
recording carried out by ink-jet recording, and an
ink-jet recording process and recording system making

10 use of such a recording paper.

Related Background Art

Ink-jet recording has attracted notice because of
its readiness for the achievement of high-speed
recording, color recording and high-density recording,

15 and recording apparatuses making use of the ink-jet
recording have come into wide use. In such ink-jet
recording, exclusive coated paper is used, as
disclosed, for example, in Japanese Patent Application
Laid-open Nos. 59-35977 and 1-135682. The.exclusive

20 coated paper comprises base paper whose surface is
completely coated with a pigment. The coated paper is
suited for forming highly minute and sharp images but
has the following problems.

1) It is lack in the hand (or handle) as that of plain

25 paper (e.g., PPC paper and general-purpose woodfree
paper).

2) It has a poor writability with pencils.




of ink inparted to one picture el enent was 80 p
red-color printing (a mixed col or of yellom/angqgegﬂ kH@@ﬂ

the tinme of
tAe tinme of

and the maxi numink quantity of this recordlgg system
- 32 - - Recording Apparatus 3 - A recordi ng“appar at us
recordi ng heads having 7.9 recordi ng nozzles per -1 mm

25

10

15

20

25

~which was a quantity at

Q. 2and

16 nI/nn{err]
in2e41 DRIt 1996

b recordi ng

green-color printing (a mxed color o

at

n).

3) It may cause paper dust due to fall of coat layers.
4) It has no general-purpose properties (i.e., can not
be used for other recording processes).

5) It requires a higher production cost than plain
paper.

Herein, the plain paper refers to PPC paper,
general-purpose woodfree paper, etc. As examples of
the plain paper, it may include toner transfer paper
(PPC paper) for electrophotographic recording, nowadays
widely used in offices, as disclosed in Japanese Patent
Application Laid-open Nos. 51-13244, 59-162561 and
59-191068.

_As in the plain paper typified by such transfer
paper, conventional recordipg paper whose pulp fibers
are entirely bare to the paper surface has the
following problems.

1) It has so poor an ink absorption that the ink may
slowly dry and fix when the ink is imparted in a large
quantity. If something touches the recording surface
in the state the ink has undried and unfixed, images
are damaged. |

2) 1Ink runs along fibers of paper when it is absorbed
into the paper laye:, and hence dots may become too
large, or dots may have roughly irregular, or blurred
outlines. Hence, no clear letters or characters and
images can be obtained.

3) 1In an attempt to obtain color images, no



héads are driven at a drive frequency of 3.3 kHz to.5' eject inks. The

heads for the respective colors are each so controlled as
ej'ection quantity of 80 pl on the average. Wen the ink-j gt RlEBb‘kﬁEMEN@ SHEET
carried out using the recording apparatus 3_ fhe maxi rum qugmntttyof—Tmk
I nparted to one picture elenent 10 was 160 pl, and the |ngx %@@Eﬁ@?
quantity of this recording systemwas 10 nl/mjerr]. In tHe Bdi
the m ni numink-shoot tine interval for |adjacentdots

with different colors was 30 msec. 15 - Recording Apparatuses 4 &5 -
The same recordi Ng ARNAJFALLSrPS ihAges €68 B bbtained since inks With &

apparatus 1 to 3,

10

15

20

25

g

plufality of colors are superimposed one after another
before they fix to paper and hence the colors are
blurred or non-uniformly mix one another at the
boundaries of images with different colors
(hereinafter, this phenomenon is called "bleeding").
4) Since water-soluble recording agénts are used, the
recorded images can have no satisfactory water
fastness.

5) Coloring materials can exhibit no satisfactory

color forming performance.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is
to provide a recording paper having good properties
such as image quality, image density and water fastness
required for, in particular, full-color ink-jet
recording paper and inherent in conventional exclusive
coated paper and also having solved the problems
discussed above, and to provide an ink-jet recording
process and recording system making use of such a
recording paper.

Another object of the present invention is to
provide a recording paper that can be used also in
electrophotographic recording,'thermal transfer
recording and impact recording and also can be used as

writing paper writable with pencils, marking pens, ball



abparatus 2 except that the drive frequency of the apparatus was changed to

10 kHz was used as recordi ng apparatus 4. The sane recqr s
t he 20 recordi ng apparatus 3 except that the drive frggﬂgwggﬁﬁ#%#ﬁéT

apparatus was changed to 5.6 kHz. was used asliegording apparatus 5. In
recording apparatus 4 and 5, the m nimumink-shoot ti if 124 DEIC 1998

adj acent dots with different colors was 18 nsec. 25 - {Recor di ng
Apparatus 6 - A recording apparatus nounted with recordi ng
14.2 recording nozzles per 1 nm The recording

t

he

point pens or the like.

The above objects can be achieved by the invention

described below.

In a first embodiment, the present invention is a

5 recording paper comprising pulp fibers and a filler, i)

having a surface where pulp fibers bared to the surface

and pulp fibers covered with particles are present

together in portions, and ii) wherein the quantity of

ink transfer at a minimum ink-shoot time interval for
10 adjacent dots with different colors as measured by the

Bristow's test method is not smaller than a maximum

shot-in ink guantity per unit area of a recording

system used. -

In the first embodiment, the present invention is

15 also an ink-jet recording process comprising imparting

ink droplets to a recording paper to make a record,

wherein the recording paper comprises pulp fibers and a

filler, i) having a surface where pulp fibers bared to

the surface and pulp fibers covered with particles are
20 present together in portions, and ii) wherein the

guantity of ink transfer at a minimum ink-shoot time

interval for adjacent dots with different colors as

-measured by the Bristow's test method is not émaller

than a maximum shot-in ink quantity per unit area of a
25 recording system used.

In the first embodiment, the present invention is

still alsc a recording system comprising an ink-jet



--33 - heads are driven at a drive frequency of 6 kHz to ejch | nks.
REPEACE

Aver age val ues of the volune of ink droplets ejected fromtih NﬁW?%ﬁﬁ
heads for each color were actually neasured to obtain the riegg+s ET
follows: 5 Bl ack: 81 pl; yellow 38 pl; genta 40 pl; Jand ¢ 39 p
When the ink-jet recording was carried out TsPng the recor i zégﬁﬁmhﬁps 6],
the maxi num quantity of ink inparted to one picture el eneni s 81 p

which was a quantity at black printed.areas, and the maxi npm 10 TR

quantity of this recording systemwas 16.2 nl/m2. I|nk-]jet*esorded | mages
formed using the regandiy9dy apparatus and a recording paper used therein,

wherein the recording paper comprises pulp fibers and a
filler, i) having a surface where pulp fibers bared to
the surface and pulp fibers covered with particles are
5 present together in portions, and ii) wherein the
quantity of ink transfer at a minimum ink-shoot time
interval for adjacent dots with different colors as
measured by the Bristow's test method is not smaller
than a maximum shot-in ink quantity per unit areé of a
10 recording system used.

In a second embodiment, the present invention is a
recording paper comprising a base paper mainly composed
of pulp fibers and a filler, i) coated with a coating
solution containing partiq}es, to have a surface where

15 pulp fibers béred to the surface and pulp fibers
covered with particles are pfesent together in
portions, and ii) whereiﬂ the base paper has a
coefficient of absorption Ka of not less than 10
ml/(m?-msec’?) at a contact time of not longer than 4

20 msec as measured by the Bristow's test method using an
ink having a surface tension of from 45 to 50 dyne/cm
at 25°C.

In the second embodiment, the present invention is
also a process for producing a recording paper,

25 comprising the step of applying to a base paper mainly
composed of pulp fibers and a filler a coating solution

containing particles, to produce a recording paper



paper, inks and recording apparatus in the conbination as_shown in Table 1

were eval uated on the following itens. 15 Eval u tIRQPlFAGEﬁEﬁ %’EFT
ac LN n

eaving for 1P

D DECRHIB1LE]

solid i nages

conposition A or B), and their reflection densities aft
hours were 20 neasured with a refl ecti on densitonete

| mage density Solid images of 100% duty were forned usi
Bl eedi ng Bl ack, yellow, nagenta, cyan, blue, green and ih

were printed so as for their respective areas to adjoin]to each ot her, —and

t he degree of

K

2.

having a surface where pulp fibers bared to the surface
and pulp fibers covered with particles are present
together in portions; the base paper having a
coefficient of absorption Ka of not less than 10
5 ml/(m?*-msec*?) at a contact time of not longer than 4
msec as measured by the Bristow's test method using an
ink having a surface tension bf from 45 to 50 dyne/cm
at 25°C.
In.a'third embodiment, the present invention is a

10 recording paper comprising pulp fibers and a filler, i)
having a surface where pulp fibers bared to the surface
and pulp fibers covered with particles are present
together in portions, and ii) wherein the paper has two
kinds of coefficient of absorption Ka, (t; < T,) and

15 Ka, (t, > T,) when tested by the Bristow's methbd, where
a change point Th at which Ka, changes to Ka, is present
at a time shorter than a minimum ink-shoot time
interval Tl for adjacent dots with different colors and
Ka, and Ka, satisfy the following condition.

20 ' Ka, < 5.0

5.0 < Ka, £ 15.0

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows Bristow's test results showing a
25 feature of the first embodiment of the present
invention.

Fig. 2 shows Bristow's test results showing a



25 bl eedi ng at the boundaries between different colors

| irnes was eval uated as

WY

observed. An instance where the boundaries were distinguigh

nggggfﬁﬁﬁﬁht

- ’ val uat ed -34- "AA"; an instance where th¢ boundaries
sharp but slightly lack in straightness of kinpes, as "A";jah Ruf
I nks m xed one another to nmake the boundaries indistinguighpble, DECGQ%ah

and an instance 5

quality |l eve

i nternedi ate between "A" and "C', as| "]

feature of the first embodiment of the present
invention.
Fig. 3 shows Bristow's test results on a recording

paper prepared in an Example of the first embodiment.

5 Fig. 4 shows Bristow's test results on a recording
paper prepared in an Example of the first embodiment.

Fig. 5 shows Bristow's test results showing a
feature of the second embodiment of the present
invention.

10 Fig. 6 éhows Bristow's test results according to
the second embodiment of the present invention.

Fig. 7 shows Bristow;s test results according to
the second embodiment of the present invention.

Fig. 8 shows Bristow's test results according to

15 the second embodiment of the present invention.

Fig. 9 shows Bristow's test results on a recording
paper according to the third embodiment of the present
invention.

Fig. 10 is a cross-section of an ink-jet recording

20 head used in the present invention.

Fig.-ll is a cross-section of an ink-jet recording
head used ‘in the present invention.

Fig. 12 is a perspective appearance of a multiple
head comprised of the head shown in Figs. 10 and 11.

25 Fig. 13 is a perspective view showing an example

of an ink-jet recording apparatus.



Characters "[err]" (Chi-nese characters with 13 and 22 strok
i n black, yellow, nagenta, cyan, blue, green and red colorsjt
eval uation.. 10 An i nstance where sharp characters with c
formed in all the respective colors was evalugted as "AA";

where sharp characters with clear edges were Yornmed in blac

magenta and cyan colors, but unsharp characters were fornmed i
green and red colors, as "A"; an instance where characters (
lines were fornmed and not |egible, or had a very poor quality |evel, as

"C'. Results of thpraraIsdtbRNOFBHRE OFREMAGGIKY RYBPARAERTS tO 4 are shown in
Tabl e 1. -

r edges were

| i A% BECe1994

el | ow,

- First Embodiment -

A first feature of the recording paper according
to the first embodiment of the present invention is

5 that the recording paper is mainly composed of pulp
fibers and a filler and has a surface where pulp fibers
bared to the surface and pulp fibers covered with
particles are present together in portions.

The recording paper may preferably have a surface

10 where, within the range of 1 mm* of the surface, at
least one pulp fiber recognizable as a fiber of 100 SKm
or longer.is seen and also some pulp fibers covered
with particles and not recognizable as having the shape
of fibers are present.

15 A second feature of the recording paper according
to the first embodiment of the present invention is
that the quantity of ink transfer at a minimum
ink-shoot time interval for adjacent dots with
different colors as measured by the Bristow's test

20 method is_not smaller than a maximum shot-in ink
quantity per unit area of a recording system used.

The Bristow's test method is a test method as
prescribed by Japan Technical Association of the Pulp
and Paper Industry (J' TAPPI), and its details are

25 described in J' TAPPI No. 51, Test Method for Liquid
Absorption of Paper and Paperboard.

The Bristow's test method is carried out using the



20 - 35 - Table 1 Results of eval uation Re- Char- 5

Test Re- cord- acter Over - T
cor d- i ng | mage qual - all ple [ n%ﬁh‘%ﬁ"mﬁrﬁiﬁﬂ
zs

| evel ation 10 1 (Ex. 1) 1 A
A

den- Bleed- ity eval u- No. paper— r at sity Tng
1 24 DEC™996

1.52
ink of a recording system used. When an ink wi
high surface tension and an ink with a low'surface
tension are used in the recording system used, the
measurement is made using the ink with a high surface
5 tension. Ig the Bristow's test, a head box slit width
is also adjusted in accordance with the surface tension
of the ink.
In this embodimenf, what is meant by the minimum
ink-shoot time interval for adjacent dots is a time
10 interval which is shortest among time intervals at
which ink droplets with different colors are imparted
to adjacent picture elements, when a printing time per
unit area of 100% duty is set using a mode which is
shortest among printing modes of the recording system
15 used. For example, when in a certain reccording system
a mode whose printing time per unit area of 100% duty
is shortest is used and there are differences between a
time interval Tl for imparting A-color and B-color to
adjacent pictﬁre elements, a time interval T2 for
20 impérting A-color and C-color (T2 > Tl)and a time
interval Té for imparting A-color and D-color
(T3 > T2 > T1), it refers to the shortest time Tl.
The maximum shot-in ink quantity refers to a
maximum shot-in ink quantity per unit area. For
| 25 example, when a maximum value of shot-in ink quantity
per picture element.is M picoliter (pl) and the

resolution is N dpi, the maximum shot-in ink quantity



A 3

1 A 2 1.46  AA A 3}
A A4 (Ex. 4 2 A 1REPLAcEﬂ8NT SNEET
(Ex. 5) 2 A 2 1.48 AA A A5 6
A 3 1.33  AA A.n_ AT A
C cs8 (Ex.7) 3% 7a P24 bec s
(Ex.8) 3 A 3 1.39  AA A A
4 A 1 1.31 C C 11 (Cp.3) 4
.21 C C C 25 12 (Ex.9) i A 3

A is M xAN? pl/inch®.

10

15

20

25

When the shot-in ink quantities
differ depending on colors of inks, the largest shot-in
ink quantity is regarded as the maximum shot-in ink
quantity.

The present inventors have discovered that the
ink-jet recording suitability correlates with Bristow's
test results on paper.

The recording paper satisfying the above values
have good fixing properties, and can decrease the
bleeding that may occur at the boundaries where solid
dots formed of inks with different colors are adjacent
to one another, especially when used in full-color
ink-jet recording, and also can decrease the bleeding
also when an ink with a high surface tension and an ink
with a low surface tension are used in c;ﬁbination.

If the quantity of ink transfer is smaller thah
the maximum shot-in ink quantity, the ink having
adhered to the surface is not well absorbed in paper
and hence the paper may have poor fixing properties.
Especially when used in full-color ink-jet recording,
the bleeding may occur, and hence such a paper is not
suitable for full-color ink-jet recording.

Fig. 1 shows results of measurement by the
Bristow's test method. The measurement is made using
an ink in the recording system used. The Bristow's

test method determines the quantity of transfer of

liquid per unit area (v:ml/m?) with respect to




- 36 - Table 1 (cont'd) Results of evaluation 5

Char- exam
i ng I nk appa-
ratus sity ing
1.63 A
A( AA) A 15
(Cp. 4) 2
5
10
15
20
25

I ng
ity

cord-
den- Bl eed-
| evel atiol 10

Test :
| mage quall- REPL_ Mﬁf"l SHEET
a

eval i No. paper
13;; {Ex. 10) |1 24DEC 199
1.55 A

A(AA*2 A 14  (Ex. 11) 1 B 2
(Ex.12) 1 B 3 1.32 A A(AR) A
1

B C 15

1.49 C C
liquid-to-paper contact time raised to 1/2nd power
[Vt(sec'’?)]. As stated above, the recording paper has
a poor ink absorption and has no good fixing properties
and bleeding-free properties, when recording paper I or
II in which the quantity of ink transfer at the minimum
ink-shoot time interval Tl for adjacent dots does not
reach the maximum shot-in ink gquantity X ml/m? is used.
On the other hand, the recordihg’paper has a good ink
absorption and has good fixing properties and
bleeding-free properties to make it possible to obtain
highly colorful images, when recording paper III or IV
in which the quantity of ink transfer at the minimum
ink-shoot time interval T1 for adjacent dots reaches
the maximum shot-in ink quantity X ml/m? is used.

Fig. 2 shows results Sf Bristow's tests made on
like recording paper using an ink with a high surface
tension and an ink with a low surface tension. V-high
and V-low make use of like recording paper V, ahd the
V-high and the V-low show the results of measurement
using the ink with a high surface tension and the ink
with a low surface tension, respectively. VI-high and
Vi-low also similarly make use of like recording paper
VI, and show the results of measurement using the ink
with a high surface tension and the ink with a low
surface tension, respectively.

In the recording paper V, the quantity of ink

transfer at the minimum ink-shoot time interwval T1 for
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adjacent dots reaches the maximum shot-in ink quantity
X ml/m? when the ink with a low surface tension is used,
but does not reach the maximum shot-in ink quantity X
ml/m? when the ink with a high surface tensioﬂ is used.
The use of the ink with a high surface tensicon in such
a recording paper results in a poor ink absorption and
no good fixing properties and bleeding-free properties.
On the other hand, as in the recording paper VI, the
recording paper in which the quantity of ink transfer
at the minimum ink-shoot time interval Tl for adjacent
dots reaches the maximum shot-in ink quéntity X'ml/m2
when either the ink with a high surface tension or the
ink with a low surface tension is used, has a good ink
absorption for both the inks and can obtain highly
colorful images with good fixing properties and
bleeding-free properties.

Thus, when the ink with a high surface tension and
the ink with a low éurface tension.is used in the
recording system used, highly colorful images well
fixed and free of bleeding can be obtained so long as
the quantity of ink transfer at the minimum ink-shoot
time interval Tl for adjacent dots reaches the maximum
shot-in ink quantity X ml/m?.

The recording paper of the present invention is
also preferable in a system where the ink with a high
surface tension and the ink with a low surface tension

are used in combination. Recording on the recording




Results of evaluation Re- Char - Test

cord- acter Over- exam cord-
qgual - all 5 pl e i ng I nk appa- den-
eval u- No. Paper ratus sity i ng

(Ex. 16) 1 B 4  1.52 A “ A A26
B 5 1.35 A A( AA) A 10 27 (Co. 10
4 1.45 C C C 28 (Ex. 18) 2 B

A A( AA) A 29 (Ex. 19) 1 BK;B/ 6 1.63

AA CWY A 30 (EX. 2Qher of thBKpBbseft inventdon,AMising an ifkARith aAA
high surface tension (45.to 60 dyne/cm) as black ink
and using inks with a low surface tension (25 to 35
dyne/cm) as yellow, magenta and cyan inks, makes it

5 possible to obtain images having a good quality level

‘of black characters and causing no boundary bleeding
between black ink dots and color ink dots and between
color ink dots.

- .Second Embodiment -

10 A first feature of the recording paper according
to the second embodiment of the present invention is
that the recording paper is mainly composed of pulp
fibers and a filler and has a surface where pulp fibers
bared to the surface and pulp fibers covered with

15 particles are present together in portions.

The recording paper may preferably have a surface
where, within the range of 1 mm* of the surface, at
least one pulp fiber recognizable as a fiber of 100 SKm
or longer is seen and also some pulp fibers covered

20 with particles and not recognizable as having the shape
of fibers are present. .

A second feature of the second embodiment of the.
present invention is that the base paper constituting
the recording paper of the present invention has a

25 coefficient of absorption Ka [ml/(m?-msec!/?)] of not
less than 10 at a contact time of not longer than 4

msec as measured by the Bristow's test method using an
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nfd. by Canon) (3): Coated paper *1:. weed.hetween

colors (other than black), but a little unclear between black and ot her

col ors.
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ink having a surface tension of 45 to 50 dyne/cm at
25°C.

The contact time 4 msec is a value obtained by
comparing the relation between Bristow's test results
and the ink-jet recording suitability. The ink used in
the Bristow's test has a surface tension that is
maximum in those of usual inks for ink-jet recording.

lThe reason why an ink with a high surface tension is
used is that the ink with a high surface tension does
more not tend to be absorbed in paper than the ink with
a low surface tension and hence may seriously cause
bleeding.

If a base paper not satisfying the above value is
used, it is difficult to obtain a recording paper
having an ink-jet recording suitability even if
materials to be coated on the base paper surface are
changed.

The recording paper made using a base paper
satisfying the above values has good fixing properties
and Can.well prevent the bleeding that may occur at the
boundaries where solid dots of inks with different
colors are adjoining to one another, especially when
used in full-color ink-jet recording. The recording
paper of the present embodiment is also preferable in a
system where the ink with a high surface tension and
the ink with a low surface tension are used in

combination. Recording on the recording paper of the



38 - *2: (AA) indicates that, in particular, qualify | evel of bl ack
characters is good. Operational advantages of the inventio

exanpl es: Operational advantages of the present invention 'H LﬂﬁfMﬁMﬂesHEET
specifically explained with reference to Fi %i 3 and 4 an abl e Tt

test exanples 1 to 12 enpl oy conbi nati ons "of*-10" t he redorndi DEP tu
1 to 3 having different nmaxi mum 249 ¥ ng

present embodiment, using an ink with a high surface
tension (45 to 60 dyne/cm) as black ink and using inks
with a low surface tension (25 to 35 dyne/cm) as
vellow, magenta and cyan inks, makes it possible to
5 obtain images having a good quality level of black

| characters and causing no boundary bleeding between
black ink dots and color ink dots and between color ink
dots.

A third feature of the second embodiment of the

10 present invention is that the quantity of ink transfer
at a minimum ink-shoot time interval for adjacent dots
with different colors as measured by the Bristow's test
method is_not smaller than a maximum shot-in ink
quantity per unit area of a recording system used.

15 The present inventors have discovered that the
ink-jet recording suitability correlates with Bristow's
test results on paper.

If the quantity of ink transfer is smaller than
the maximum shot-in ink quantity, the ink having

20 adhered to the surface is not well absorbed in paper
and hence the paper may have poor fixing properties}
Especially when used in full-color ink-jet recording,
the bleeding may occur, and hence such a paper ié not
suitable for full—coior ink-jet recording.

25 Figs. 5, 6 and 7 show results of measurement by
the Bristow's test method. The measurement is made

using an ink with a surface tension of 45 to 50



|nk quantities (Vmax) with the recordi ng processes in which Emii]

30" nsec. As is clear fromFig. 3, distinct recorded inmages cjg

formed in the test exanples enploying such a conbination thgt [t ntlty
gitpe@%s

| arger than the Vmax of the recording apparatus. On the ot her e

test exanples 7, 10 and 20 11 where the VO of the recordfng paper i's

character quality '%/ﬂ“ bih oA s 1 § RebltembAba CASRLRED @i 11

where the VO is grea

used and the m nimumink-shoot tine intervals (Tl)for adjace tRHNmsf
of ink transfer (VO at the contact tine 30 ms8c~of the recq
smal | er than the Vmax, the bl eeding occurs and only inages w

quantity of transfer of liquid per unit area (v:ml/m?

with respect to liquid-to-paper contact time raised to
1/2nd power [Vt(sec'/?)]. The coefficient of absorption
5 Ka is indicated by the slope of a graph.

As shown in Fig. 5, the absorption of the
recording paper having the surface configuration
described above is lower than that of the base paper,
and hence the ink-jet recording suitability can not be

‘10 improved even if materials to be coated on the surface
are changed, unless the base paper satisfies the above
condition.

Thus, as in base paper A or B shown in Fig. 6, no
recording paper having an ink-~jet recording suitability

15 can be obtained when a base paper having the
coefficient of absorption Ka is less than 10 at a
contact time of not longer than 4 msec. The base paper
used in the recording paper of the present embodiment
must have the coefficient of absorption Ka 2 10 at a

20 contact time of not longer than 4 msec.

In addition, as in recording paper D shown in Fig.
7. a recording paper D' making use of base paper D in
which the quantity of ink transfer at the minimum
ink-shoot time interval Tl for adjacenf dots does not

25 reach the maximum shot-in ink quantity X ml/m? are used
has a poor ink absorption and has no good fixing

properties and bleeding-free properties. On the other



smal l er, image densities are | ow and no good recorded 25
formed. In contrast thereto, the test exanples 13 to 24 ar
only inks were replaced with the -39- inks B, having a
surface tension.
can be fornmed in the test exanples enploylnglﬁhe'conblnatl
guantity of ink transfer (VO at 5 the contact tinme 30
recordi ng paper

10

15
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25

i's

Simlar to the above instances, distinct

hénd, a recording paper E' making use of base paper E
in which the quantity of ink transfer at the minimum
ink-shoot time interval T1 for adjacent dots reaches
the maximum shot-in ink quantity X ml/m? are used has a
good ink absorption and has good fixing properties and
bleeding-free properties to make it poséible to obtain
highly colorful images also in a recording system in
which the ink with a high surface tension and the ink
with a low surface tension are used in combination.

- Third Embodiment -

A first feature of the recording paper according
to the third embodiment of the present invention is.
that the recording paper is mainly composed of pulp
fibers and a filler and has a surface where pulp fibers
bared to the surface and pulp fibers covered with
particles are present togethér in portions.

The recording paper may preferably have a surface
where, within the range of 1 mm? of the surface, at
least one pulp fiber recognizable as a fiber of 100 &Km
or longer is seen and also some pulp fibers covered
with particles and not recognizable as having the shape
of fibers are present.

A second feature of the recording paper according
to the second embodiment of the present inventibn is
that the paper has two kinds of coefficiént of
absorption Ka, (t, < T,) énd Ka, (t, > T,) when tested by

the Bristow's method, where a change point Th at which



| arger than the Vmax of the recording apparatus. As is a
conparison of Fig. 3 with Fig. 4, the quantity of ink tr
recordi ng paper shows a | ower val ue when the inks B are"
when the inks A are used. Hence, the relation between t
at 30 nsec is reversed in the conbinations_ofgthe record
recordi ng apparatus in the test exanples 16, 20 and 24 (
the test exanples 4, 8 and 12). 15 Actual ly,

SU-seei—fom
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h it he

k V%Z‘EB?Q"W{

eV

when t hg

inks B are used {n

t he conbi nations enployed in the test exanples 16, 20 and Z4, Wwhrch—are~the

conbi nati ons of recordi ng papers and recordi ng appar at us

t hat have enabl ed

formation of distikdit changes to Ka, is present at a time shorter than a

minimum ink-shoot time interval Tl for adjacent dots

with different colors and Ka, and Ka, satisfy the

<

condition of Ka,

5.0 and 5.0 < Ka; s 15.0

The measurement by the Bristow's test method is

made using an ink of the recording system used.

Fig. 9 shows results of measurement by the

Bristow's test method.

Recording paper F has Ka, = 5.0, has a small

10

level.

percent of ink run and shows a good character quality

1t, however, has no change point Th, and hence

has a low ink absorption rate, causes serious bleeding,

is unsuitable especially for fuil-color
not provide solid areas made completely

15 in a low image density.

<

Recording paper G has Ka,

<

shows a good character gquality level.

images, and can

full, resulting

5.0 and also 5.0 < Ka,

15.0, and hence has a small percent of ink run and

The satisfaction

of the condition Ka, also results in a high image

20 density.

Tl (minimum ink-shoot time interval for

It, however, has the change point Th but Th

>

adjacent dots

with different colors), and hence the recording paper

has a poor ink absorption and tends to cause bleeding.

<

Recording paper H has Ka,
25
character quality level.

and hence has so good an ink absorption

5.0 and Th < T1,

and

hence has a small percent of ink run and shows a good

It, however, has Ka, < 15.0,

that the ink



I mges when the inks A are used, it has turned out that 20 t he bl eedi ng

occurs and only inmages with a poor character quality |evel @ﬂ#@@'?”
because of inproper conbinations as recordi ng systens. Ijn K
25 to 28, the sane recording papers and inks are used ag tlhose in the tgs
14, 15, 17 and 18 and al so thel9%/max of tHe r ZHDEDNLHS
apparatus is identical, but there is a difference in thg m ni num i nk-shpo
time interval (T1), where 30 nsec - 40-

exanpl es 25
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may strike through the.bgck of the paper, resulting in
a low image density.

Recording paper I has T, < Tl, Ka, > 5.0 and
Ka, > 15.0, and ﬁence causes no bleeding, but has a

large percent of ink run, causes dot gain, and shows a

‘poor character'quality level and a low image density.

Recording paper J has T, < Tl and 0 < Ka, £ 15.0,
and hence causes no bleeding while giving a high image
density, but has a large percent of ink run, causes dot
gain and shows a poor character quality level because
of Ka, > 5.0.

Recording paper K satisfies the above condition,
and the use of such a recording paper makes it possible
to achieve a small percent of ink xrun, and to obtain
images with a good character quality level, a good
fixing performance, no bleeding, a high image density
and a high minuteness.

The present invention will be described below in
greater detail with respect to the first to third
embodiments described above.

The recording base paper used in the present
invention is mainly composed of chemical pulp as
typified by LBKP and NBKP, a sizing agent and a filler,
as well as other paper making auxiliaries optionally
used, and is made by conventional methods. As pulp
materials used, mechanical pulp and waste paper

Tegenerated pulp may be used in combination, or any of




is shortened to 18 nsec, because of the difference in dri\® fuﬁéucppv As

is seen fromFig. 4, the VO of the recording paper 2 is 17 R EMENﬁ@HE?P
of- 30 msec, and 13 m/nferr] 5 in the case of 18 nsec. a paa A
the test exanple 17 enploying the conmbination that the |ike rg&og@bnlg g)a er
and inks are used and al so the Vmax of the_regor<€ing app us i 9

I dentical, good recorded inmages are forned, and, on the Lo _t he
test 10 exanple 27, it has turned out that the bl eedi occurs and only

i mmges with a poor character quality |evel can be obtained, Décause—e#f

| mproper conbi nation as a recording system
them may be used as a main component.

The sizing agent may include rosin sizes,
alkylketene dimers, alkenyl succinic anhydrides,
petroleum resin sizes, epichldrohydrin and acrylamide.

5 The filler may include calcium carbonate, kaolin, talc
and titanium dioxide. In the present invention,
examples thereof are by no means limited to these.

As a surface coat material, it may include casein,
starch, cellulose derivatives such as carboxymethyl

10 cellulose and hydroxymethyl cellulose; hydrophilic
resins having a swellability to ink, as exemplified by
polyvinyl alcohol, polyvinyl pyrrolidone, sodium
polyacrylate and polyacrylamide; resins having
hydrophilic part and hydrophobic part in the molecule,

15 as exemplified by SBR latex, acrylic emulsion and a
styrene/acrylic acid copolymer; substances having a
water repellency, as exemplified by silicone oils,
paraffin waxes and fluorine compounds; and the sizing
agents set forth above.

20 Inorganic pigments or.organic pigments hitherto
commonly used may also be used in combination.
Examples of the inorganic pigments can be silica,
alumina, aluminum silicate, magnesium silicate,
hydrotalcite, titanium oxide, clay and talc. Examples

25 are by no means limited to these. Examples of the
organic pigment can be plastic pigments such as urea

resins, urea-formalin resins, polyethylene resins and



The test exanples 29 to 32 are instances where the 15

apparatus 6 is used and two kinds of inks (A and B) are
instances, the Vmax of the inks A (blue areas) is 15.9 nl
of the ink B (black areas) is 16.2 nl/mierr]ch are subst
Identical. As is seen fromFigs. 3 and 4, in_he record
at T1 = 30 nsec is sufficient with respect to“he Vmax i
i nks A, but shows a value |ower than the Vmax in the case
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test exanple 31 using the recording paper 3 25 and the recording

apparatus 6 shows the results that the bleeding occurs at the boundaries

bet ween bl ack polystyrene resins. Examples are by no means limited
to these.

Any of these materials may be imparted to the

recording surface in an amount of about 0.1 to 5 g/m?.

5 To prepare the recording paper of the present
invention, a water-based coating solution containing
the pigment, resin and other additives as described
above may be applied to the surface of the base paper
by known processes as exemplified by roll coating,

10 blade coating, air-knife coating, gate roll coating,
size pressing and Simu Sizer Process. Thereafter, the
coating is dried using, e.g., a hot air drying furnace
or a hot drum. Thus, the recording paper of the
present invention can be obtained; In order to further

15 smogthen the surface or increase the surface strength,
super calendering may be applied.

Using the materials as described above, the
recording paper having the surface configuration
characteristic of the present invention is prepared.

20 The recording paper of the present invention is
prepared so as to have a water extraction pH of 6 or
more, and preferably 7 or more. The water extraction
pPH is a value obtained by measufing, according to JIS
Z-8802, the pH of an extract formed when about 1.0 g of

25 a test piece is immersed in 70 ml of distilled water as
prescribed in JIS P-8133. If the pH is less than the

above range, a problem may arise in view of the



areas and red, green and blue areas, black characters - 4 F~—~shew NQOr

quality level and only i ndi stinct images are forned. In the.eﬁﬂﬂACHWQQSSHE@T
i S necessary to take measures such that a recordi ng paper W
5 used, the Vmax for black ink is adjusted to be not Iaroel_

long-term storage stability of the paper itself, and
dyes may exhibit no satisfactory color forming
performance on the paper éurface.

With regard to stéckigt sizing degree of the

5 recording paper thus prepared, inks can never be
absorbed in paper if it is too high, and hence the
fixing performance and drying performance of inks
having adhered tend to become poor. Thus, the st&ckigt
sizing degree may preferably be in the range of from O

10 to 40 seconds.

With regard to the inks themselves used when the
ink-jet recording is carried out on the recording paper
described above, known inks can be used without any
problems. As coloring materials for the inks, it is

15 possible to use water-soluble dyes as typified by
direct dyes, acid dyes, basic dyes, reactive dyes and
food dyes, which can be used without'any particular
limitations so long as they are those used in usual
ink-jet recording.

20 However, as a particularly preferred embodiment in
the ink-jet recording process of the present invention,
it is an ink-jet recording process making use of inks
containing aldirect dye and/or an acid dye as a
recording agent or agents. In conventional inks, such

25 water-soluble dyes are commonly used in such a
proportion that they comprise about 0.1 to 10% by

weight, and may be in a like proportion also in the



tfne interval larger. 10 - In the test exanples 29 and 30, both the

bl ack character quality | evel and the bl eedi ng-freeness ar¢g
geod even when conpared with the test exanples 2, 5, 14 and

i ke recordi ng paper is used. 15 The test exanpl e 33

where the base paper of the recording paper s_used as a{rqc@ 4iDRC ymger
B overed with

€€ properti
ple 34 is an

as it is, and the surface of the recording pa I s overal

pulp fibers. In this instance, the paper has good bl eedi ng4{fr

but shows 20 an insufficient imge density. The test ex

P

4@4@&@

is an instanck

I nst ance where NP-DRY
present invention.

Solvents used in water-based inks used in the

present invention may comprise water or a mixed solvent

of water and a water-soluble organic solvent, and

5 particularly preferably a mixed solvent of water and a

water-soluble solvent, containing as the water-soluble

organic solvent a polyhydric alcohol having an ink

drying preventive effect.

An ink-jet recording method will be described

10 below. The ink-jet recording process of the present

invention can be applied to any conventionally known

ink-jet recording methods which carry out recording by

ejecting ink droplets from nozzles, utilizing various

types of drive mechanisms. As typical examples

15 thereof, they include the method disclosed in Japanese

Patent Application Laid-open No. 54-59936,

i.e.,

ink-jet recording method in which an ink having

an

undergone the action of heat energy causes an abrupt

change in volume and the ink is ejected from a nozzle

20 by the force of action attributable to this change in

state.

An example of the ink-jet recording apparatus

preferable in the ink-jet recording process of the

present invention will be described below.

Figs.

10,

25 11l and 12 show examples of the construction of the

recording head, which is a main component of the

apparatus.




paper (available from Canon Inc.), which is usual el ectrophftUuraphte
copyi ng paper, is used as a.recording paper, and the surfac éﬁﬁLﬁEEMENT SHEET
recordi ng paper 25 is simlarly overall covered with pulp fibers TN
this instance, only inages unsatisfactory in every respect pre Qgt }ﬁq%%

- 42- The test exanple 35 is an instance where Pixel Jet Cojatjed ag% ,
avai l abl e from Canon Inc., which is a conveft##énal ink-jet [reeordi-rg—coates

paper, is used.
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A head 13 is formed by bonding a glass, ceramic or
plastic plate or the like provided with an ink flow
path 14, to a heating head 15 having a heating resistor
used in thermal recording (fhe drawing shows a head, to

S which, however, is not limited). The heating head 15
is comprised of a protective film 16 formed of silicon.
oxide or the like, aluminum electrodes 17-1 and 17-2, a
heating resistor layer 18 formed of nichrome or the
like, a heat accumulating layer 19, and a substrate 20

10 with good heat dissipation properties, made of alumina
or the like.

The ink 21 stands reached an ejection orifice
(minute opening) 22 and a meniscus 23 is formed there
by a pressure P. |

15 Now, upon application of electric signals to the
electrodes 17-1 and 17-2, heat is abruptly generated at
the region denoted by n in the thermal head 15, so that
bubbles are generated in the ink 21 coming into contact
with this region. The pressure thus produced thrusts

20 out the méniscus-23 and the ink is ejected from the
orifice 22 in the form of recording minute drops 24 to
fly against a recording medium 25. Fig. 12
schematically illustrates a multi-head comprising the
head as shown in Fig. 10 arranged in a large number.

25 This multi-head is prepared by closely bonding a glass
plate 27 having multiple grooves 26, to a heating head

28 similar to the head as illustrated in Fig. 10.



The surface of this recording paper is overall covered 5

and no pulp fibers are seen on the surface. In this instanc
certain level are obtainable. This paper, however, not only|h
far froma feel of plain paper, but also has unsati sf act
or causes a problem of 10 dusting when i nages are forned

quantity. Exanpl es of Second Enbodi nment Preparati on of
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In a m xture obtained by beating 80 parts of LBKP and 20 p
420 M of C. S.F. as starting 15 material pulp, 10 parts
part of cationized starghg.018 para efoPsls@etidrdil ddew of

along its ink flow path, and Fig. 11 is a

cross-sectional view along the line 11-11

the head 13

in Fig. 10.

Fig. 13 shows an example of the ink-jet recording

apparatus in which such a head has been incorporated.

In Fig. 13, reference numeral 61 denotes a blade

serving as a wiping member in the form of

a cantilever,

one end of which is a stationary end retained by a

blade-retaining member.
10
recording head makes a record.

the blade is retained in such a form that

The blade 61 is provided at

the position adjacent to the region in which a

In the present example,

it projects

to the course through which the recording head is

moved.

15 provided at the home position adjacent to

Reference numeral 62 denotes a cap, which is

the blade 61,

ahd is so constituted that it moves in the direction

perpendicular to the direction in which the recording

head is moved and comes into contact with
ejection openings to carry out capping.

20

to the blade 61, and, similar to the blade 61,

the face of

Reference

numeral 63 denotes an ink absorber provided adjoiningly

is

retained in such a form that it projects to the course

through which the recording head is moved.

The above blade 61, cap 62 and absorber 63

25

constitute an ejection restoration assembly 64, where

the blade 61 and the absorber 63 remove the water, dust

or the like from the ink ejection opening

face.



(available from Harima Chemicals, Inc.) and 0.25 part of nejg
si zing agent (SIZE PINE NT, avail able from Arakawa Chem ¢
Ltd.) were mixed to 20 make a recordi ng base paper 5 wth a basis wei ght
of 80 g/n2 by a conventional nethod. In the same starting] nat 2d4i BEC 1996
conposition as the above, the silica was replgged with 1
to make a recordi ng base paper 6 with a basis wei ght of
conventional nmethod. |In the same starting nmaterial conpo
used for the recording paper 5, the silica was replaced with 10 parts of

pseudoboehm te

Reference numeral 65 denotes the recording head
having an ejection energy generating means and ejects
ink to the recording medium set opposingly to the
ejection opening face provided with ejection openings,

5 to carry out recording. Reference numeral 66 denotes a
éarriage on which the recording head 65 is mounted so
that the recording head 65 can be moved. The carriage
66 is slidably éssociated with a guide shaft 67. Part
of the carriage 66 is connected (not shown) with a belt

10 69 driven by a motor 68. Thus, the carriage 66 can be

moved along the guide 67 and -hence the recording head
65 can be moved from a recording region to a region
adjacent thereto.

Reference numeral 51 denotes a paper feeding part

15 ' from which recording mediums are inserted, and 52, a
paper feed roller driven by a motor (not shown). With
such construction, the recording medium is fed to the
position opposing to the ejection opening face of the
recording head, and, with progress of recording,

20 qutputted‘from a paper output section provided with a
paper output roller S3.

In the above constitution, the cap 62 of the head
restoration assembly 64 is receded from the moving
course of the recording head 65 when the recording head

25 65 is returned to its home position, e.g., after |

completion of recording, and the blade 61 stands

projected to the moving course. As a result, the



- 43 - to nake a recordi ng base paper 7 with a basis wei gnt
conventional nethod. In the sane starting material conposjtjon as the ong
used for the recording paper 5, the silica was replaced wWith 29 DEC 49940f
kaolin (available from Tsuchiya Kaolin Ind., Ltd.) and the [neutral rosin
si zing agent was mxed in an anount of 0.4 paj4,-to makela recorv 3
paper 8 with a basis weight of 82 g/nferr] conventional od. The above
recordi ng base papers 5 to 8 were each 10 coated with the fol |l ow ng

coating solution by bar coating so as to have a dried coating weight of 2

g/nferr]

ejection opening face of the recording head 65 is

wiped. When the cap.62 comes into contact with the

ejection opening face of the recording head 65 to carry

out capping, the cap 62 is moved in such a way that it
5 projects to the moving course of the recording head.

When the.recording head 65 is moved from its home
position to the position at which recording is started,
the cap 62 and the blade 61 are at the same position as
the position where the ejection opening face is wiped.

10 As a result, the ejection opening face of the recording
head 65 is wiped also at the time of this movement.

The above movement of the recofding head to its
home position is made not only at the time of the
completion of recording or restoration of ejection, but

15 also when the recording head is moved between recording
regions for the purpose of recording, during which it
is moved to the home position adjacent to each
recording region at given intervals, where the ejection
opening face is wiped in accordance with this movement.

20 When adapted to multi-color recording, recording
heads respectively holding black, cyan, magenté and
yellow inks are arranged on the carriage 66 in parallel
by four colors. 1In place of the recording heads
arranged in parallel, a single recording head may be

25 divided into four sgctidns in a column. Alsc, in place
of the four color inks, cyan, magenta and yellow three

color inks may be used.



fhus, recording papers 5 to 8 were prepared. Conposition df tTm
solution: Finely divided silica (M ZUKASIL P-78D, availabIeREﬁQWfM§NTSHEET

M zusawa | ndustrial Chemicals, Ltd.) 10 parts Pgl yvi nyl alconot
(PVA 105, available fromKuraray Co., Ltd.) 2

10 parts Water - _ - 80 parts‘ ?Eg 1gg?facc—:
configurations of these recording 20 paperszﬁere obser yet~omr—ea—seannig

el ectron mcroscope to prove that pulp fibers bared to thg surface and pu
fibers covered with particles were present togethher in portions.” TNe
recordi ng papers 5 to 8 thus prepared were

EXAMPLES

The present invention will be described below in
greater detail by giving Examples. In the following,
"part(s)" is "part(s) by weight".

5 - Examples of First Embodiment -

Preparation of recording paper:

In a mixture obtained by beating 80 parts of LBKP
and 20 parts of NBKP in 430 ml of C.S.F. as starting
material pulp, 10 parts of kaolin (available from

10 Tsuchiya Kaolin Ind., Ltd.), 0.4 part of cationized
starch and 0.2 part of polyacrylamide (available from
Harima Chemicals, Inc.) were mixed to make a recording
base paper 1 with a basis weight of 81 g/m® by a
conventional method. In the same starting material

15 composition as the agove,_0.075 part of neutral rosin
sizing agent (SIZE PINE NT, available from Arakawa
Chemical Industries, Ltd.) was further mixed to make a
recording base paper 2 with a basis weight of 80 g/m® by
a conventional method. The preparation of the

20 recording base paper 2 was repeated to make recording
base papers 3 and 4, except that the neutral rosin
sizing agent was used in an amount of 0.25 part and 0.4
part, respectively.

The above recording base papers were each coated

25 with the follbwing coating solution by bar coating so
as to have a dried coating weight of 2 g/m?. Thus,

recording papers 1 to 4 were prepared.



25 tested by the Bristow s nethod to obtain the results as_shown in Fig.
8. Measurenent was nade using the follow ng inks D. - 44 -RéﬂhCEME’NT SHEET

corfposition: Inks C (surface tension: 34 dyne/cn): Dye*

X parts dycerol
Thi odi gl ycol
7 parts
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25

5 part
= 28 parts Urea 24 DEC 1996

[

Composition of coating solution:
Finely divided silica (MIZUKASIL P-78D, available from
Mizusawa industrial Chemicals, Ltd.) 10 parts
Polyvinyl alcohol (PVA 105, available from Kuraray Co.,
Ltd.) ' 10 parts
Water 80 parts

The surface configurations of these recording
papers were observed on a scanning electron microscope
to prove that pulp fibers bared to the surface and pulp
fibers covered with particles were present together in
portions.

The recording papers 1 to 4 thus prepared were
tested by the Bristow's method to obtain the results as
shown in Figs. 3 and 4. Fig. 3 shows results obtained
using the following full-color inks A as test
solutions, and Fig. 4 shows fesults obtained using the
following full-color inks B.

Ink composition:

Inks A (surface tension: 34 dyne/cm):

Dye* . . X parts
Glycerol 5 parts
Thiodiglycol _ 10 parts
Urea . 7 parts
Polyoxyethylene nonylphenyl ether 1 part

(NOIGEN EA-30, available from Daiichi Chemical

Industries, Ltd.)

Water Balance



Acetyl ene glycol - EO addition product . 1 part (ACETY
avai |l abl e from Kawaken Fine Chem cals Co., Ltd.) 10
Bal ance *Dye: Black; C. |I. Food Black 2

C 1. Drect Yellow 86 2 parts Magenta; C. |
Cyan; C. 1. Acid Blue 199- 30 -
I nks D (surface tension: 48 dyne/cm: Dye*

X parts dycerol

2.5 parts 15

5 parts

10
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25

EH

sfﬂfptﬁgﬁtMsE‘N\T/nﬁ}quT
Aci 2ol Red 289

4 DEG9%s

5 pafts Thiodiglyco

*Dye:
Black; C.I. Food Black 2 3.5 parts
Yellow; C.I. Direct Yellow 86 2 parts
Magenta} C.I. Acid Red 289 2.5 parts
Cyan; C.I. Acid Blue 199 2.5 parts

Inks B (surface tension: 48 dyne/cm):

Dye* _ X parts
Glycerol | 5 parts
Thiodiglycol S parts
Isopropyl alcohol 4 parts
Water Balance
*Dye:
'Black;'C.I. Food Black 2 3.5 parts
Yellow; C.I. Direct Yellow 86 2 parts
Magenta; C.I. Acid Red 35 ' 2.5 parts
Cyan; C.i. Acid Blue 199 2.5 parts

Recording apparatus:

- Images were recorded using recording apparafus
mounted with the ink-jet type recording heads described
above, utiliziﬁg heat energy as an ink ejection source,
to evaluate recording suitability. The following seven
kinds of apparatus were used as the recording
apparatus.

- Recording Apparafus 1-

A recording apparatus moﬁnted with recording heads

having 23.6 recording nozzles per 1 mm. The recording

heads are driven at a drive frequency of 10 kHz to




20 | sopr opyl. al cohol 4 o REPEACEMENT SHEET
5 parts Water 3% | : ;k
C-1. Food Bl ack 2 3.5 parts 25 Yel | QW Dite
Yel | ow 86 2 parts Magenta; C. 51 Acid Re S.QWD&" '1995

2.5 parts Cyan; C 1. Acid Blue 199

Recor di ng appar at us:

eject inks. Average values of the volume of ink
droplets ejected from the recording heads for each
color were actually measured to obtain the results as
follows: Biack: 21 pl(picoliter); yellow: 20 pl:
5 magenta: 22 pl; and cyan: 22 pl. When the ink-jet
recording was carried out using the recording apparatus
1, the maximum quantity of ink imparted to one picture
element was 44 pl, which was a Quantity at the time of
blue-color printing (a mixed color of magenta and
10 cyan), and the maximum ink quantity of this recording
system was 24.6 nl(nanoliter)/mm?.
- Recording Apparatus 2 -
A recording apparatus mounted with recording heads
having 14.2 recording nozzles per 1 mm. The recording
15 heads are driven at a drive frequency of 6 kHz to e}ect
inks. Average values of the volume of ink droplets
ejected from the recording heads for each color were
actually measured to obtain the results as follows:
Black: 38 pl; yellow: 41 pl; magenta: 39 pl; and cfan:
20 39 pl. When the ink-jet recording was carried out
using the recording apparatus 2, the maximum quantity
of ink imparted to one picture element was 80 pl, which
was a quantity at the time of red-color printing (a |
mixed color of yellow and magenta) and at the time of
25 greeﬁ-color printing (a mixed color of yellow and
cyan), and the maximum ink quantity of this recording

system was 16 nl/mm?.



| mrages were recorded using a recordi ng apparatus nounted with the ink-jet
type recordi ng heads descri bed above, utilizing heat enef e L NLALLLAY
ej-ection source, 5 to evaluate recording suitability. %R@GEMHN&@H@T
apparatus was used as the recordi ng apparatus. A recordi]ng apparatus
nmounted with recordi ng heads having 14.2 recor3# mg nozzljeg ‘jEtc’r? 6Th
recordi ng heads are driven at a drive frequency of 6 kHZz tjo eJe 8

D

i nks. Average val ues of the volune of ink droplets ejedtetfroemthe
recordi ng heads for each col or were actuaIIy measured t¢ obtain the resu
as follows: Black: 38 yellow 41 pl; magenta: 39 pl; and cyan: 39t
When the ink-jet reco dmas Apppragusu? -

a recording apparatus mounted with recording heads
having 7.9 recording nozzles per 1 mm. The recording
heads are driven at a drive frequency of 3.3 kHz'to

5 eject inks. The heads for the respective colors are
each so controlled as to have an ink ejection quantity
of 80 pl on the average. When the ink-jet recording
was carried out using the recording apparatus 3, the
maximum quantity of ink imparted to one picture element

10 was 160 pl, and the maximum ink quantity of this
recording system was 10 nl/mm2.

In the above recording apparatus 1 to 3, the
minimum ink-shoot time interval for adjacent dots with
different colors was 30 msec.

15 - Recording Apparatuses 4 & 5 -

The same recording apparatus as the recording
apparatus 2 except that the drive frequency of the
apparatus was changed to 10 kHz was used as recording
apparatus 4. The same recording apparatus as the

20 recording apparatué 3 éxcept that the drive frequency
of the apparatus was changed to 5.6 kHz was used as
recording apparatus 5,. In the recording apparatus 4
and 5, the minimum ink-shoot time interval for adjacent
dots with different colors was 18 msec.

25 - Recording Apparatus 6 -
A recording apparatus mounted with recording heads

having 14.2 recording nozzles per 1 mm. The recording



15 using the recording apparatus, the nBX|nun1quant|ty of~tH npart ed
to one picture element was 80 pl, which was a quantity at t quPM@EME‘NT SHEET

ans .)

green color printing (a m xed color of yellow and 20

maxi mum ink quantity of this recording systeggwas 16 nl/
itens: 1. Inmage density Solid i mages of 100% duty were for
bl ack ink (ink conposition C or D), and their reflection d
| eaving for 12 hours were neasured with a reflection densitom

RD-918. heads are diiven at a drive frequency of 6 kHz to eject
inks. Average values of the volume of ink droplets
ejected from the recording heads for each color were
actually measured to obtain the results as follows:

5 Black: 81 pl; yellow: 38 pl; magenta: 40 pl; and cyan:
39 pl. When the ink-jet recording was carried out
using the recording apparatus 6, the maximum quantity
of ink imparted to one picture element was 81 pl, which
was a quantity at black printed areas, and the maximum

10 ink quantity of this recording system was 16.2 nl/mm?.

Ink-jet recorded images formed using the recording
paper, inks and recording apparatus in the combination
as shown in Table 1 were evaluated on the following
items.

15 Evaluation items:

1. Image density

Solid images of 100% duty were formed using a.
black ink (ink composition A or B), and their
reflection densities after leaving for 12 hours were

20 measured with a reflection densitometer Macbéth RD-918.
2. Bleeding

Black, yellow, magenta, cyan, blue, green and red
solid images were printed so as fof their respective
areas to adjoin to each other, and the degree of

25 bleeding at the boundaries between different colors was
visually observed. An instance where the boundaries

were distinguishable as straight lines was evaluated as



- 46 - 2. Bleeding Blue, green and red solid inmages were printed so as for
their respective areas to adjoin to each other, and the degreF_nf bl eedi ng
at the boundaries between 5 different colors was visually |olREP[ X&G)p Aeer |
i nstance where the boundaries were distinguishable as straight p+res mﬂl EET
eval uated as "AA"; an instance where the boundaries were sharlp {but slightly
| ack in straightness of lines, as "A"; an igsggan wher e i nk{ rhi%ﬂlﬂﬂbKW5

"AA"; an instance where the boundaries were sharp but

slightly lack in straightness of lines, as "A"; an

instance where inks mixed one another to make the

boundaries indistinguishable, as "C"; and an instance
5 intermediate between "A" and “C", as "B".

3. Character quality level

Characters "@¥" (Chinese characters with 13 and
22 strokes) were printed in black, yellow, magenta,
cyan, blue, green and red colors to make evaluation.

10 An instance where sharp characters with clear edges
were formed in all the respective colors was evaluated
‘as "AA"; an instance where sharp characters with clear
edges were formed in black, yellow, magenta and cyan
colors, but unsharp characters were formed in blue,

15 green and red colors, as "A"; an instance where
characters with crushed lines were formed and not
legible, or had a very poor quality level, as "C*“.

Results of the evaluation made on recording papers
1l to 4 are shown in Table 1.

20



16 anot her to make the boundaries i ndistingui shabl e,

as "C'; and an

I nstance internedi ate between "A" and "C', as "B". 3. Chgr § Tty
s REPLACEMERT skeey

| evel Characters "[err]"(Chinese characters with 13 and ]
were printed in black, yellow, nagenta, cyan, blue,
An instance where sharp charagéegs wi t hlcliegrg pggepoger

make eval uati-on.
t he bl ack, yellow, nagenta, cyan;y-blue, gr¢ep and red col grs

formed in al

was eval uated as "A"; an 20

green and red colorsjt

i nst ance wher e charact er sjw TiTtrustred—++ng

were formed and not |egible, or had a very poor quality Level, as "C'.
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Table 1

Results of evaluation

Re- Char-

Test Re- cord- acter Qver-
exam- cord- ing Image qual- all
ple ing Ink appa- den- Bleed- ity evalu-
No. paper ratus sity ing level ation
1 (Ex.1l) 1 A 1 1.52 aa A A

2 [(Ex. 2) 1 A 2 1.46 AA A A

3 (Ex. 3) 1 A 3 1.32 "aa A A

4 (Ex. 4) 2 A 1 1.58 A a A

5 (Ex.S5) 2 A 2 1.48 aa A A

6 (Ex. 6) 2 A 3 1.33 AA A A

7 (Cp.1) 3 A 1 1.48 Cc C c

8 (Ex.7) 3 a 2  1.51 A A a

9 (Ex.8) 3 A 3 1.39 AA A A
10 (Cp.2) 4 A 1 1.31 ¢ c o
11 (Cp. 3) 4 A 2 1.21 C o C



Résul ts of the evaluation nade on recording papers 5 to § REBLAGEMENTi SHEET
Table 2. 25 -47- Table 2 Results of evaluation Test

Char- 5 exam Recor d- ) ey (=

i ng I nk | mage Bl eed- qual ity No. p4pegr a%“dﬂ'@é
density ing | evel - 36 -

Table 1 (cont‘'d)

Results of evaluation

. Re- Char-
S z::;_ Re- cord- acter Over
ple cord- . ing Image qual- all
No ing Ink appa- den- Bleed- ity eval.
2 paper ratus sity ing level atior
10 13 (Ex.10) 1 B 1  1.63 a A(AA)*2 A
14 (Ex. 11) 1 B 2 1.55 A A(AA) A
15 (Ex.12) 1 B 3 1.32 a A(AA) A
16 (Cp. 4) 2 B 1 1.49 ¢ c c
15
17 (Ex: 13) 2 B 2 1.67 A A(AA) A
18 (Ex. 14) 2 B 3 1.32 A A(AA) A
19 (Cp.3) . 3 B 1 1.31 ¢ c c
20 20 (Cp. 6) 3 B 2 1.21 ¢ c c
21 (Ex. 15) 3 B 3 1.31 A A(AA) A
22 (Cp. 7) 4 B 1 1.25 ¢ c c
25 23 (Cp. 8) 4 B 2 1.25 ¢ o c

24 (Cp. 9) 4 B 3 1.29 ¢ c c

——
- - ——
- e n m - - . A - = — - -— -
- - ——— . - - — = - - - —



36 Ex. 5

1. 48 AA
A-39 Cp. 8
1. 49 A

42 Ex. 7

D 1. 25

AA A 45
Bk; D/ CMY; C 1. 54
C 20

D

Ex.

1
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[ RERLACEMENT SHEET

1.46 AA A 37
A 10 38 Ex. 7 C 1151 AA
C 1.21 C C 40 Ex. 2§DEC 1996 C
A 41 Ex. . D 1.52 A A
1.54 A -3 3 ——cr—_
C C 44 Ex. 5" Bk; DY :C 1.49
6 Bk; D C\WY; C 1.53 AA A 40 EX.
AA A 47 Rf . 8 Bk; DY CWY; C 1. 23 B
Table 1 {(cont'd)
' Results of evaluation
. Re- Char-
Test Re-~ cord- acter Over-
exan- cord-~ ing Image qual- all
ple ing Ink appa- den- Bleed- ity evalu-
No. paper ratus sity ing level ation
25 (Ex. 16) 1 B 4 1.52 A A(AA) A
26 (Ex. 17) 1 B S 1.35 A A(AA) A
27 {Co. 10) 2 B 4 1.45 od C C
28 (Ex. 18) 2 B 5 1.39 A A(AA) A
29  (Ex.19) 1 BK:B/ 6 1.63 aa " A(AA) AA
CMY ;A
30 (Ex.20) 2 BK:B/ 6 1.72 A A(AR)  AA
- CMY ;A
31 (Cp.11) 3 BK:B/ 6 1.37 B*1 C C
CMY:A
32 (Cp. 12) 4 BK;B/ 6 1.38 c c C
CMY; A
33 (Cp.13) {1y B 2 1.25 AA A c
34 (Cp.l4) (2) B 2 1.01 ¢C c c
35 (Cp.15) '(3) B 2 1.59 A A(AA) a

Ex: Example

Cp: Cohparative Example

(1): Base paper of recording paper 1

(2): NP-DRY paper (mfd. by Canon)

(3):

Coated paper

*1: Good between colors {other than black), but a

little unclear between black and other colors.



Ex. : Exanpl e Cp
Oper at i onal

advant ages -of the present invention will be nore specifidallly explained
with reference to Fig. 8 and Table 2. 30 In the recoréihrbgeélmra u
used in the test 43- - 38 -
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.. Conparative Exanple Rf.: Reference ExanTp".c o —
advant ages of the invention in test exanpl es:| BSBLAREMENTI SHEET

*2: (AA) indicates that, in particular, quality level

of black characters is good.

Operational advantages of the invention in test

examples:

Operational advantages of the present invention
will be hore specifically explained with reference to
Figs. 3 and 4 and Table 1.

The test examples.l to 12'employ combinations qf

the recording apparatus 1 to 3 having different maximum

" ink quantities (Vmax) with the recording processes in

which the inks A are used and the minimum ink-shoot
time intervals (Tl)for adjacent dots are all 30 msec.
As is clear from Fig. 3, distinct recorded images can
be formed in the test examples employing such a

combination that the quantity of ink transfer (VO) at

‘the contact time 30 msec of the recording paper is

larger than the Vmax of the recording apparatus.

On the other hand, in the test examples 7, 10 and
11 where the VO of the recording paper is smaller than
the Vmax, the bleeding occurs and only images with a
poor character quality level can be obtained. In the
test examples 10 and 11 where the VO is greatly
smaller, image densities are low and no good recorded
images are formed.

In contrast thereto, the test examples 13 to 24

are those in which only inks were replaced with the

[*2)




exanpl es, the mninmumink-shoot time interval (T1)for §d
nsec (T1 = 5.5 nsec[err]). As shown in Fig. 8, the quant
at the mnimumink-shoot tine intervals (T1)for adjacept|{dots, of the
base paper used in the recording papers 5to 7 is larger
shot-in ink quantity of the recording systemg The recofd

RERT =M;'§ﬁﬁkl§x§? er

t RappELesggmxifmym
ng papers 5 tjo{7

maki ng use of the base paper having the val ue of coeff|crent of~absorptijon

Ka 10 that satisfies Ka > 10 nakes it possible to obtain_highly mnutfe

i mages well free of bleeding and with a good character quality level 1In
every recording systemin which the inks Cwith a |ow surface tension or

t he
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inks B, having a relatively high surface tension.
‘Similar to the above instanées, distinct recorded
images can be formed in the test examples employing the
cémbination that the quantity of ink transfer (V0) at
the contact time 30 msec of the recording paper is
larger than the Vmax of the recording apparatus.

As is also seen from comparison of Fig. 3 with
Fig. 4, the quantity of ink tranéfer in each recording
paper shows a lower value when the inks B are used than
when the inks A are used. Hence, the relation between
the Vmax and the VO at 30 msec is reversed in the
combinations of the recording papers with the recordihg
apparatus in the test examples 16, 20 and 24
(corresponding to the test examples 4, 8 and 12).
Actually, when the inks B are usea in thewcombinations
employed in the test examples 16, 20 and 24, which are
the combinations of recording papers and recording
apparatus that have enabled formation of distinct
images when the inks A are used, it has turned out that
the bleeding occurs and only images with a poor
character quality level can be obtained, because of
improper combinations as recording systems.

In the test examples 25 to 28, the same recording
papers and inks are used as those in the test examples
14, 15, 17 and 18 and also the Vmax of the recording
apparatus is identical, but there is a difference in

the minimum ink-shoot time interval (T1l), where 30 nmsec



2 are used in

iﬁks Dwth a high surface tension are used or the both

combi nation. On the other hand, the recording paper 8 ”ak'REPVREN@NTQﬂﬁET

base paper of Ka < 10 shows poor results both in bleedlnc
quality level, and has no ink-jet recording suitability.
Exanpl es of Third Enbodi ment - Preparation ofggrecording f
obt ai ned by beating 80 parts of LBKP and 20 parts of NBKH

C.S.F. as starting material pulp, 10 parts of silica, 0.4

2
aper2 4 IDECa‘H%xt
P iln 420 nml of

ur

part of 25

cationized starch, 0.2 part of polyacrylam de (avail abl e

Chem cals, Inc.) and 0.25 part _
is shortened to 18 msec, because of the

drive frequency.

from - Haring

difference in

As is seen from Fig. 4, the VO of the recording

paper 2 is 17 ml/m? in the case of 30 msec, and 13 ml/m?

5 in the case of 18 msec. As a result, in the test

example 17 employing the combination that the like

recording paper and inks are used and also the Vmax of

the recording apparatus is identical, good recorded

images are formed, and, on the other hand, in the test

10 example 27, it has turned out that the bleeding occurs

énd only images with a poor character quality level can

be obtained, because of an improper combination as a

recording system.

The test examples 29 to 32 are instances where the

15 recording apparatus 6 is used and two kinds of inks (A

and B) are mixed.

In these instances, the Vmax of the inks A (blue

areas) is 15.9 nl/mm’ and the Vmax of the ink B (black

areas) is 16.2 nl/mm?, which are substantially

20 identical. As is seen from Figs. 3 and

recording paper 3, the VO at Tl = 30 msec is sufficient

with respect to the Vmax in the case of the inks A, but

4, in the

shows a value lower than the Vmax in the case of the

ink B. The test example 31 using the recording paper 3

25 and the recording apparatus 6 shows the

results that

the bleeding occurs at the boundaries between black

areas and red, green and blue areas, black characters




of neutral rosin sizing agent (SIZE PINE NT, avail able - 49 - from

Arakawa Chem cal Industries, Ltd.) were mxed to nake a r¢c
paper 9 with a basis weight of 80 g/n2 by a conventi onal nghﬂﬁwﬁﬁfﬁ%EET

sanF stgrting mat eri al conposition as the above, the silidqajwas 5

replaced with 10 parts of alum na to neke a recording bas a4 DEOMY9R Al
basis weight of 81 g/nferr] by a conventi omaf! met hod. In fhé sane starPi
mat eri al conposition as the one used for the recordi ng paper 9,

show a poor quality level and only indistinct images
are formed. |

In these instances, it is necessary to take
measures such that a recording paper with a high VO is

S used, the Vmax for black ink is adjusted to be nbt
larger than the VO of the recording paper 3, an ink
with a lower surface tension is used as the black ink,
and the drive frequency is lowered to make the minimum
time interval larger.

10 In the test examples 29 and 30, both the black
character quality level and the bleeding-freeness are
particulafly good even when compared with the test
examples 2, 5, 14 and 17 in which the like recording
papér is used.

15 The test example 33 is an instance where the base
paper of the recording paper 1 is used as a recording
paper as it is, and the surface of the recording paper
is overall covered with pulp fibers. In this instance,
the paper has good bleeding-free properties but shows

20 an insufficient image density.

The test example 34 is an instance where NP-DRY
paper (available from Canon Inc.), which is usual
electr&phctographic copying paper, is used as a
recording paper, and the surface of the recording paper

25 " is similarly overall covered with pulp fibers. In this
instance, only images unsatisfactory in every respect

are obtained.



the silica was replaced with 10 parts of pseudoboehniter4f :

recordi ng base paper 11 with a basis weight of 82 g/n[e'rFEPlgﬁcg\ﬁ)EwgﬁEﬁ
conventional method. In the sanme starting nmaterial conpps{tion as the dgne
used for the recording paper 9, the silica was replaced|w tgﬂﬁEgaﬁ% d
kaolin (available from 15 Tsuchi ya Kaol+m4d nd., Ltd. nd the neutrdl
rosin sizing agent was m xed in an anount of 0.4 part, to“make—a TeCOrdi ng
base paper 12 with a basis weight of 82 g/n2 by a conve&tional met hod. The

—h

above recordi ng base papers were each coated 20 wi th The tollow ng
coating solution B by bar coating so as to have a dried coating weight of 2
g/nferr]. Thus, The test example 35 is an instance where Pixel Jet

Coated Paper, available from Canon Inc., which is a
conventional ink-jet recording coated paper, is used.
The surface of this recording paéer is overall covered
5 with a pigment and nc pulp fibers are seen on the
surface. In this instance, images with a certain level
are obtainable. This paper, however, not only has a
hand very far from a feel.of plain paper, but also has
an unsatisfactory writability, or causes a problem of
10 dusting"wﬁen images are formed in a large quantity.
- Examples of Second Embodiment -
Preparation of recording paper: .
In a mixture obtained by beating 80 parts of LBKP
and 20 parts of-NBKP in 420 ml of C.S.F. as starting
15 material pulp, 10 parts of silica, 0.4 part of
cationized starch, 0.2 part of polyacrylamide
(available from Harima Chemibals, Inc.) and 0.25 part
of neutral fosin sizing agént (SIZE PINE NT, available
from Arakawa Chemical Ihdustries, Ltd.) were mixed to
20 make a recording base paper 5 with a basis weight of 80
g/m? by a conventional method. In the same starting
material composition as the above, the silica was
replaced with 10 parts of alumina to make a recording
base paper 6 with a 5asis weight of 81 g/m® by a
25 conventional method. In the same starting material
composition as the one used for the recording paper 5,

the silica was replaced with 10 parts of pseudoboehmite



Fecording papers 9 to 12 were prepared. Simlarly, the sape _base paper as
the recordi ng base paper 9 was coated with the follow ng Fogpi N%NFI”Qﬁ

to prepare 25 |
Finely divided silica (MZUKASIL P-78D, avail able from -1 50- M zusa

| ndustrial Chemicals, Ltd.) ' 10 parts Pol yvi nyl cloh2¥ DEVAINOS,
avai l able from Kuraray Co., Ltd.) - 43 -

10 parts

10

20

25

recordi ng paper 13. Conposition of coatihg

to make a recording base paper 7 with a basis weight of

82 g/m* by a conventional method. In the same starting

material composition as the one used for the recording

paper 5, the silica was replaced with 10 parts of
kaolin (available from Tsuchiya Kaolin Ind., Ltd.) and
the neutral rosin sizing agent was mixed in an amount
of 0.4 part, to make a recording base paper 8 with a
basis weight of 82 g/m? by a conventional method.

Thé above recording base papers 5 to 8 were each
coated with the following coating solution by bar
coating so as to have a dried coating weight of 2 g/m?.
Thus, recording papers S5 to 8 were prepared.

Composition of coating solution:

Finely divided silica (MIZUKASIL P-78D, available from
Mizusawa Industrial Chemicals, Ltd.) 10 parts
Polyvinyl alcohol (PVA 105, available from Kuraray Co.,
Ltd.) 10 parts
Water | ' 80 parts

The surface configurations of these recording
papers were observed on a scanning electron microscope
to prove that pulp fibers bared to the surface and pulp
fibers covered with particles were present together in
portions.

The recording papers 5 to 8 thus prepared were
tested by the Bristow's method to obtain the results as
shown in Fig. 8. Méasurement was made using the

following inks D.



véter 80 parts 5

Conposition of coating solution B: Finely divided silica
avail abl e from M zusawa I ndustrial Chenmicals, Ltd.)
Cationi zed pol yvinyl al cohol (CM 318, avail able from Kur g

15 parts 10 Wat er _
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scanni ng el ectron mcroscope to prove that pulp fibers b

surface configurations of these recordi ng papekds ~vere obskr

and pulp fibers covered with particles were present togettrer

portions. The recording papers 9 to 13 thus prepared were

Ink composition:
Inks C (surface tension: 34 dyne/cm):
Dye*
Glycerol '
5 Thiodiglycol
Urea

Acetylene glycol-EO addition product

red to the surfac

D

. 1L
L L 24

X parts
S parts
10 parts
7 parts

1 part

(ACETYLENOL EH, available from Kawaken Fine

Chemicals Co., Ltd.)
10 Water
*Dye:
Black; C.I. Food Black 2
Yellow; C.I. Direct Yellow 86
Magenta; C.I. Acid Red 289
15 Cyan; C.I. Acid Blue 199
Inks D (surface tension: 48 dyne/cm):
Dye*
Glycerol
Thiodiglycol
20 Isopropyl alcohol
Urea
Water
*Dye:
Black; C.I. Food Black 2
25 Yellow:; C.I. Direct Yellow 86
Magenta; C.I. Acid Red 35.

Cyan; C.I. Acid Blue 199

Balance

3.5 parts
2 parts
2.5 parts

2.5 parts

X parts
5 parts
5 parts
4 parts
5 parts

Balance

3.5 parts
2 parts
2.5 parts

2.5 parts



tésted by the Bristow s nethod to obtain the results as shqun_in Table 3.

Measur enment was made using the foll.owing inks E. 20
Inks E (surface tension:

coenposi tion:
X parts dycerol
5 parts 25

Bal ance *Dye:

10

15

20

25

B ok e Poyer RELACEMENT SHEET

5 partg¢ Thi odi gl ycol
al cohol 4 124 DECV9061

| sopr opyl - 45 -

Recofding apparatus:

Images were recorded using a recording apparatus
mounted with the ink-jet type recording heads described
above, utilizing heat energy as an ink ejection source,
to evaluate recording suitability. The following
apparatus was used as the recording apparatus.

A recording apparatus mounted with recording heads
having 14.2 recordiﬁg nozzles per 1 mm. The recordiné
heads are driven at a drive frequency of 6 kHz to eject
inks. Average values of the volume of ink droplets
ejected from the recording heads for each color were
actually measured to obtain the results as follows:
Black: 38 pl; yellow: 41 pl; magenta: 39 pl; and cyan:
39 pl. When the ink-jet recording was carried out
using the recording apparatus, the maximum quantity of
ink imparted to one picture element was 80 pl, which
was a quantity at the time of red-color printing (a
mixed color of yellow and magenta) and at the time of
green-color printing (a mixed color of yellow and
cyan), and'the maximum ink quantity of this recording
system was 16 nl/mm?.

| Evaluatioh items:
1. Image density

Solid images of 100% duty were formed using a

black ink (ipk composition C or D), and their

reflection densities after leaving for 12 hours were

measured with a reflection densitometer Macbeth RD-918.



-51- Bl ack; C. 1.
Direct Yellow 86
2.5 parts Cyan

Recor di ng apparatus: |nages were recorded using a recordingl gpparatus

mounted with the
heat energy as a
The follow ng 10

recordi ng apparatus nounted with recordi ng heads

10
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20

25

Food Bl ack 2 3.5 parts Yellow, C.I.

2 parts Magenta; C. I. Acid Ref :
C.1. Acid Blue 199 2.5 part@EACEMENT SHEET

i nk-j et type recording heads described abdve, 24iDEQ1199%
n ink ejection source, to evgkuate recording {suitability.
apparatus was used as the recordi ng apgaratus. A

2. Bleeding

Blue, green and red solid images were printed so
as for their respective areas to adjoin to each other,
and the degree of bleeding at the boundaries between
different colors was visually observed. An instance
where the boundaries were distinguishable as straight
lines was evaluated as "AA"; an instance where the
boundaries were sharp but slightly lack in straightness
‘of lines, as "A"; an instance where inks mixed one
another-to make the boundaries indistinguishable, as
"C"; and an instance intermediate between "A" and "C",
as "B".
3. Character quality level

Characters "g¥%" (Chinese characters with ;L3 and
22 strokes) were printed in black, yellow, magenta,
cyan, blue, green and red colors to make evaluation.
An instance where sharp characters with clear edges
were formed in all the black, yellow, magenta, cyan,
blue, green and red colors was evaluated as "A"; an
instance where characters with crushed lines were
formed and not legible, or.had a very poor gquality
level, as "C".

Results of the evaluation made on recording papers

5 to 8 are shown in Table 2.



héving 14.2 recording nozzles per 1 mm The recordi ng heads Y]
drive frequency of 6 kHz to eject inks. Average val ues of thﬁf@ﬁ@ h’ﬁgﬁﬁEﬁﬁ

droplets 15

actual ly neasured to obtain the results as follows: Black: |38 24 DF€l 199
41 pl; magenta: 39 pl; and cyan: 39 pl. wWiert?t Fe I nk-j et recprdi ng was

ej ected

(71

fromthe recording heads for each col pr were

carried out using the recordi ng apparatus, the maxi num quaptity 20 of
ink inmparted to one picture elenent was 80 pl, which was alquantity at the
time of red-color printing (a mxed color of yellow and nagenta) and at the
time of green-color printing (a m xed ccﬂ(¥éﬂyé yel low and cyan), and the
maxi mum i nk quantity of this recording :

10
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Results of evaluation

Test Char-
exam- Record- acter
ple ing Ink Image Bleed- quality
No. paper density ing level
36 Ex. 5 o 1.46 AA A
37 Ex. 6 Cc 1.48 AA A
38 Ex. 7 o 1.51 AA A
39 Cp. 8 o 1.21 C o
40 Ex. 5 D 1.49 A A

. 41 Ex. 6 D 1.52 a A
42 Ex. 7 D 1.54 A A
43 Cp. 8 D 1.25 C C
44 Ex. 5§ Bk;D/CMY;C 1.49 AA A
45 Ex. 6 Bk;D/CMY:C 1.53 AA A
46 Ex. 7 Bk;D/CMY;C 1.54 AA A
47 Rf. 8 Bk;D/CMY;C 1.23 B c
Ex.: Example

Cp.: Comparative Example

Rf.:

will

Fig.

Reference Example

Operational advantages of the invention in test

éxamples: |

Operational advantages of the present invention

be more specifically explained with reference to
8 and Table 2.

In the recording apparatus used in the test



25 systemwas 10 nl/mierr]. Evaluation itens: 1. |nagg (ﬁéﬁbﬁﬂEM_ENT SHES?

- Solid imges of 100% duty were formed using a black ink,] gna e
reflection densities after leaving for 12 hours were neasuedl?/\ﬁygqa
R

reflection densitoneter Macbeth RD-918. 5 2. Bleeding Bl ac

magent a, cyan,
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bl ue, green and red - 43 -

examples, the minimum ink-shoot time interval (Tl)for
adjacent dots is 30 msec (Tl = 5.5 msec!/?). As shown
in Fig. 8, the quantity of ink transfer at the minimum
ink-shoot time intervals (Tl)for adjacent dots, of the
base paper used in the recording papers 5 to 7 is
larger than the maximum shot-in ink quantity of the
recording system.

The recording papers 5 to 7 making use of the base
paper having the wvalue of coefficient of absorption Ka
that satisfies Ka 2 10 makes it possible to obtain
highly minute images well free of bleeding and with a
good character quality level in every recording system
in which the inks C with a low surface tension or the
inks D with a high surface tension are used or the both
are—ﬁsed in combination.

On the other hand, the recording paper 8 making
use of the base paper of Ka < 10 shows poor results
both in bleeding and character quality level, and has
no ink-jet recording suitability.

- Examples of Third Embodiment -

Preparation of recording paper:

In a mixture obtainéd by beating 80 parts of LBKP
and 20 parts of NBKP in 420 ml of C.S.F. as starting
material pulp, 10 parts of silica, 0.4 part of
cafioniied starch, 0.2 part of polyacrylamide
(available from Harima Chemicals, Inc.) and 0.25 part

of neutral rosin sizing agent (SIZE PINE NT, available



sélid | mages were printed so as for their respective areas |t gr
each other, and the degree of bleeding at the boundaries bet\%ﬁgﬂc’gh@ﬂth

colors was 10 visually observed. An instance where the [bljeedi ng was at
a level not problematic in practical use was eval uated as "jAl; 24DFEQ 1996
I nstances where it was at a lower level, as "C'. Results off the eval uation
made on recordi ng papers 15 9 to 13 are Sh8#%n~in Table 3. - 53T

from Arakawa Chemical Industries, Ltd.) were mixed to
make a recording base paper 9 with a basis weight of 80
g/m* by a conventional method. In the same starting
material composition as the above, the silica was
5 replaced with 10 parts of alumina to make a recording

base paper 6 with a basis weight of 81 g/m? by a
conventional method. In the same starting material
composition as the one used for the recording paper 9,
the silica was replaced with 10 parts of pseudoboehmite

10 to make a recording base paper 11 with a basis weight
of 82 g/m®* by a conventional method.

In the same starting material composition as the
one used for the recording paper 9, the silica was
replaced with 10 parts of kaolin (available from

15 Tsuchiya Kaolin Ind., Ltd.) and the neutral rosin
sizing agent was mixed in an amount of 0.4 part, to
make a recording base paper 12 with a basis weight of
82 g/m? by a conventional method.

The above recording base papers were each coated

20 with the following coating solution B by bar coating so
as to have a dried coating weight of 2 g/m?. Thus,
recording papers 9 to 12 were prepared. Similarly, the
same base paper as the recording base paper 9 was
coated with the following coating solution A to prepare

25 recording paper 13.

Composition of coating solution A:

Finely divided silica (MIZUKASIL P-78D, available from



Table 3 Coeffi -

Resul ts of eval uation Test cl-ent

Per - Over- 5 ex- Re- of ab- Change REPLAGEMENT SHEET
akl am cord- sorption point |nmage of eyal—pte—my i
Sty Crin ) ing o tion (mec) 10 s 8T T s o b | 2ADECHRS
2.43 A A 49 10 3.7 6.8 12 1.68 2] 5B e A
50 11 4.6 8.3 12 1.63 2.52 A A 51 12 0.5 -
None 1.25 2.02 C C 52 13 10.0 16.2 24 146 293
A C Mizusawa Industrial Chemicals, Ltd.) 10 parts

Polyvinyl alcohol (PVA 105, available from Kuraray Co.,

Ltd.) 10 parts

Water | 80 parts

5 Composition of coating solution B:

Finely divided silica (MIZUKASIL P-78D, available from

Mizusawa Industrial Chemicals, Ltd.) 5 parts

Cationized polyvinyl alcohol (CM-318, available ffom

Kuraray Co., Ltd.) 15 parts

10 Water 80 parts

The surface configurations of these recording
papers were observed on & scanning electron microscope
to prove that pulp fibers bared to the surface and pulp
fibers covered with particles were present together in

15 portions.

The recording papers 9 to 13 thus prepared were
tested by the Bristow's method to obtain the results as
shown in Table 3. Measurement was made using the
following inks E.

'20 Ink composition:
Inks E (surface tension: 48 dyne/cm):
Dye* X parts
Glycerol 5 parts
Thiodiglycol 5 parts
25 Isopropyl alcohol 4 parts
Water Balance

*Dye:



15 Oper ati onal advantages of the invention in test exanpleiﬁ:gP

advant ages of the present invention 20 wll be nore spe
explained with reference to Table 3. In the recordi ng appar
test exanples, the mnimmink-shoot time interval (T1)faor
30 nsec. The recording papers 9.to 11 25 _ %fthfying t
the coefficient of absorption Kal and Ka2 and” change poi
hi gh i mage density and al so have a | ow percent of ink run

ALEMENT SHEET

at us used in {

adp 40pEC 1996 S

condi t1 ons of

T provigde a
and hence make

h
i

vI7\U

it possible to obtain highly m nute

Black; C.I. Food Black 2
Yellow; C.I. Direct Yeilow 86
Magenta; C.I. Acid Red 35
Cyan; C.I. Acid Blue 199

5 Recording apparatus:

3.5 parts
2 parts
2.5 parts

2.5 parts

Images were recorded using a recording apparatus

mounted with the ink-jet type recording heads described

above, utilizing heat energy as an ink ejection source,

to evaluate recording suitability. The following

10 apparatus was used as the recording apparatus.

A recording apparatus mounted with recording heads

having 14.2 recording nozzles per 1 mm. The recording

heads are driven at a drive frequency of 6

kHz to eject

inks. Average values of the volume of ink droplets
15 ejected from the recording heads for each color were
follows:

actually measured to obtain the results as

Black: 38 pl; yellow: 41 pl; magenta: 39 pl; and cyan:

39 pl. When the ink-jet recording was carried out

using the recording apparatus, the maximum quantity

20 of ink imparted to one picture element was

80 pl, which

was a quantity at the time of red-color printing (a

mixed color of yellow and magenta) and at the time of

green-color printing (a mixed color of yellow and

cyan), and the maximum ink quantity of this recording

25 system was 10 nl/mm?.
Evaluation items:

1. Image density



i mages with a good character quality level w thout 30 CREPS ACEMENTE SHE
- 54 - On the other hand, as in the recording paper 12, }hp—eRe—havg
of 5 mM/(merr].neec[err]) or |less but having no change po} nt has a perqd
of ink run which is too lowto make solid areas full, repujt2dgDER 1896 o

| mage density,

in the recording paper 13, the one having KaB2of

10

15

ANLL A0
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and has a poor rate of ink absorption to fause bl eeding.

Solid images of 100% duty were formed using a
black ink, and their reflection densities after leaving
for 12 hours were measured with a reflection
densitometer Macbeth RD-918.

2. Bleeding

Black, yellow, magenta, cyan, blue, green and red
solid images were printed so as for their respective
areas to adjoin to each other, and the degree of
bleeding at the boundaries between different colors was
visually observed. An instance where the bleeding was
at a level not problematic in practical use was
evaluated as "A"; and other instances where it was at a
lower level, as "C".

Results of the evaluation made on recording papers

9 to 13 are shown in Table 3.



55n1/(n{err].rnsec[err]) or nore has a |arge percent of ink r&ﬁ?!—AG@ﬁNTtSlrhﬁfT
I n a poor character quality level. Since it 10 al so has 2 of 15

m:/ err].nsecl[err or nore, it has an excessively good jn S h&X,
(pert; meolorr]) BapEEHe.

=

resulting in a low inmage density. Thus, the recording pape
invention, prepared in the manner described &®we, and 15 _
process maki ng use of such recordi ng paper nake it possiblje to achieve a

hi gh color form ng performance and a good character quality Tever wttout
causing bl eeding, as required, in particular, for full-color ink-jet
recordi ng paper, and to formimages 20 havi ng a water fastness,
conparable to those forned on Table 3

Coeffi- __Results of evaluation
Test cient . Per- Over-
5 ex- Re- of ab- Change cent all
am- cord- sorption point Image of eval-
ple ing Ka, Ka, (T,) den- ink Bleed- ua-
No. paper sity run ing tion
(msec)

10 48 g 2.2 9.2 12  1.62 2.43 a a
49 10 3.7 6.8 12 1.68  2.50 A A
50 11 4.6 8.3 12 1.63 2.52 A A
51 12 0.5 - None 1.25 2.02 c c
52 13 10.0 16.2 24 1.46 2.93 A o

18

Operafional advantages of the invention in test

examples: |

Operational advantages of the present invention

20 will be more specifically explained with reference to
Table 3.

In the recording apparatus used in the test
examples, the minimum ink-shoot time interwval (Tl)for
adjacent dots is 30 msec. The recording papers 9.to 11

25 satisfying the conditions of the coefficient of

absorption Ka,; and Ka, and change point Th provide
a high image density and also have a low percent of ink
run, and hence make it possible to obtain highly minute
images with a good character quality level without

30 causing bleeding.



coat ed paper. The present recording paper may al so caus ﬁﬁﬂéﬁﬁﬂfﬂﬂdﬁﬁcﬂ
to fall of coat |layers and has the hand |i ke plain papeg.
Mor eover, the present recordi ng paper can be al so used s gﬁgnﬁ
for el ectrophot ographic recording, thermal transfer rec rjlng 26
-55- recording, can be also used as witing paEer witabl &

pens, pencils or the like, having high

On the other hand, as in the recording paper 12,
the one having Ka, of 5 ml/(nﬁfmsgc”z) or less but
having no change point has a percent of ink run which
is too low to make solid areas full, resulting in a low

5 image density, and has a poor rate of ink absorption to
cause bleeding.

As in the recording paper 13, the one having Ka, of
5 ml/(m?-msec'?) or more has a large percent of ink run,
resulting in a poor character quality level. Since it

10 also has Ka, of 15 ml/(m?-msec'?) or more, it has an
excessively good ink absorption, resulting in a low
image density.

Thus, the recording paper of the present
invention, prepared in the manner described above, and

15 the recording process making use of such recording
paper make it poséible to achieve a high color forming
performance and a good character quality level without
causing bleeding, as required, in particular, for
full-color ink-jet recording paper, and to form images

20 having a water fastness, comparable to those formed on
coated paper.

The present recording paper may also cause no
paper dust due to fall of coat layers and has the hand
like plain paper.

25 Moreover, the present recording paper can be also
uséd as recording paper for electrophotbgraphic

recording, thermal transfer recording and impact



éneral-purpose properties, and can be provided at a very | conpared
\g/]m'th coated paper. A recordi ng paper conprising pulp fiber %EK@MEN%I g‘ﬁEET

has a surface where pulp fibers bared to the surface and ppl fibers
covered with particles are present together in portions. The nggewgﬂi
ink transfer at a m nimumink-shoot time interval for adjacen tS\M

different colors as neasured by the Bristow s test nethod |; mot—sreat-t+er
than a maxi mum shot-in ink quantity per unit_.agga-of recoriding system used.

THIS SHEET HAS BEEN
REPLACED

recording, can be also used as writing paper writable
with ball point pens, pencils or the like, having high
general-purpose properties, and can be provided at a
very low cost compared with coated paper.

5 A recording paper comprising pulp fibers and a
filler has a surface where pulp fibers bared to the
surface and pulp fibers covered with particles are
present together in portions. The quantity of ink
transfer at a minimum ink-shoot time interval for
adjacent dots with different colors as measured by the
Bristow's test method is not smaller than a maximum
shot-in ink quantity per unit area of recording” system

used.

This Sheet Has Been Rep

T



-56 - WHAT IS CLAIMED I'S: 1. A recording paper conprisi
filler, i) having a surface where pulp fibers bared to hgﬂﬂﬂC[Mﬂﬁ[éHﬂE@u
fibers covered with particles are 5 present together|i p=portironmsT—and
ii) wherein the quantity of ink transfer at a mnimumi pkis %ngk%ﬁﬁ6
interval for adjacent dots wth different colors as neasgu

Bristow s test nethod is not snmaller than a maxinum sho -|n i nk quantitly
per unit area of a 10 recordi ng systemwus88.-2. An ink-jet recording

process conpri sing

WHAT IS CLAIMED IS:

1. A recording paper comprising pulp fibers and a
filler, i) having a surface where pulp fibers bared to
fhe surface and pulp fibers covered with particles are

5 present together in portions, and ii) wherein the
quantity of ink transfer at a minimum ink-shoot time
interval for adjacent dots with different colors as
measured by the Bristow's test methéd is not smaller
than a maximum shot-in ink quantity per unit area of a

10 recording system used.

2. An ink-jet recording process comprising

imparting ink droplets to a recording paper to make a
record, wherein the recording paper comprises pulp

15 fibers and a filler, i) having a surface where pulp
fibers bared to the surface and pulp fibers covered
with particles are present together in portions, and
ii) wherein the quantity of ink transfer at a minimum
ink-shoot time interval for adjacent dots with

20 different colors as measured by the Bristow's test
method is not smaller than a maximum shot-in ink

gquantity per unit area of a recording system used.

3. The ink-jet recording process according to
25 claim 2, wherein three color inks of vellow, magenta

and cyan are used.

HIIlIII |l||l| IIIII IIIII m



I nparting ink droplets to a recording paper to make a recq 4 R
recordi ng paper conprises pulp 15 fibers and a filler |3Eﬂ2®$ﬁﬁhg hi
surface where pulp fibers bared to the surface and pulp filodrs covered mnth
particles are present together in portions, and ii) whereiln |t 24 QECIIY Df
at a mni numink-shoot tine interval for adjgcgnt dots with RO
different colors as neasured by the Bri st owP€ Test nethod|i s not SHalTer

than a maxi mum shot-in ink quantity per unit area of a redqrding system

i nk transfer

used. 3. The ink-jet recording process according to 25 claim2, wherein
three color inks of yellow nagenta and cyan are used.

10

15

20

25

4. The ink-jet recording process according to
claim 2, wherein said ink droplets are imparted to the
recording paper by causing heat energy to act on the

ink to eject the ink droplets from an orifice.

5. The ink-jet recording process according to

claim 3, wherein a black ink is further used.

6. The ink-jet recording process according to

claim 5, wherein the surface tension of said black ink

is larger than that of other ink with different color,

and the quantity of ink transfer as measured by
Bristow's test method using the black ink is not less
than the maximum shot-~in ink quantity per unit area of

the recording system used.

7. The ink-jet recording process according to
claim 5, wherein the surface tension of said black ink
is in fhe range of from 45 to 60 dyne/cm and the
surface tension of the yellow, magenta and cyan inks

each is within the range of from 25 to 35 dyne/cm.

8. A recording system comprising an ink-jet
recording apparatus and a recording paper used therein,
wherein the recording paper comprises pulp fibers and a
filler, i) having a surface where pulp fibers bared to

the surface and pulp fibers covered with particles are

IIIIIIII Il Illll IIIII | lIII



-57- 4. The i nk-jet recording process according to claim 2 —wrerern satd
I nk droplets are inparted to the recordi ng paper by cauysi [§§

REBLALEMENE 3t

act on the ink to eject the ink droplets froman orifidge.l] 5. The 1 nk-]
recordi ng process according to claim3, wherein a bl ack i“kgkfbéc;w er
cl ai , Whe

used. 6. The ink-jet recording process according to 10
the surface tension of said black ink is Iagg%{_lhan t Hat

different col or,
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present together in portions, and ii) wherein the
quantity of ink transfer at a minimum ink-shoot time
interval for adjacent dots with different colors as

measured by the Bristow's test method is not smaller

than a maximum shot-in ink quantity per unit area of a

recording system used.

9. The recording system according to claim 8,
wherein three color inks of yellow, magenta and cyan

are used.

10. The recording system according to claim 8,
wherein said ink-jet recording apparatus employs a
process comprising causing heat energy to act on the

ink to eject ink droplets from an orifice.

11. The recording system according to claim 9,

wherein a black ink is further used.

12. The recording system according to claim 11,

wherein the surface tension of said black ink is "larger

than that of other ink with different color, and the

quantity of ink transfer as measured by Bristow's test

method using the black ink is not less than the maximum

shot-in ink quantity per unit area of the recording

system used.

* [+ L M S *



and the quantity of ink transfer as neasured by Bristow s net hod using

the black ink is not |less than the nmaxi mum shot-in ink qua tRﬂXA [ :=;]

area of 15 the recording systemused. 7. The ink-jet refo

according to claimb5, wherein the surface tension of said jpljack ink 1S ™
the range of from45 to 60 dyne/cm and the 20 surface tle siMDﬁc }

dyne/cm 8. A recording systemconprising an ink-jet recofding a
and a recordi ng paper used therein, 25 wherein the rec
conprises pulp fibers and a filler, i) having a surface where pulp

bared to .
- 13. The recording system according to claim 11,

wherein the surface tension of said black ink is in the
range of from 45 to 60 dyne/cm and the surface tension
of the yellow, magenta and cyan inks each is within the

5 range of from 25 to 35 dyne/cm.

14. A recording paper comprising a base paper

mainly composed of pulp fibers énd a filler, i) coated
with a coating solution containing particles, to have a

10 surface where pulp fibers bared to the surface and pulp
fibers covered with particles are present together in
portions, and ii) wherein the base paper has a
coefficient of absorption Ka of not less than 10
ml/(m*-msec!’?) at a contact time of not longer than 4

15 msec as measured by the Bristow's test method using an
ink having a surface tension of 45 to 50 dyne/cm at

25°C.

15. The recording paper according to claim 14,

20 wherein the quantity of ink transfer of the base paper
at a minimum ink-éhoot time interval for adjacent dots
with different colors as measured by the Bristow's test
method using an ink having a surface tension of from 45
to S50 dyne/cm is not smaller than a maximum shot-in ink

25 quantity per unit area of the recording system used.

16. An ink-jet recording process comprising color
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the surface and pulp fibers covered with particles are
together in portions, and ii) wherein the quantity of ink
m-ni mum i nk-shoot tine interval for adjacent dots with dif
measured by the Bristow s test nethod is not smaller 5
shot-in ink quantity per unit area of a recording systemu
recordi ng system according to claim@8, wherei AOthree col or

magenta and cyan
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recording carried out on the recording paper according

to claim 14 or 15, using three color inks of yellow,

magenta and cyan.

17.
claim 16, wherein said ink-jet recording
comprising causing heat energy to act on
eject ink droplets from an orifice.

10 18.
claim 16, wherein a black ink is further
19.
wherein the surface tension of

claim 18,

15 is in the range of from 45 to 60 dyne/cm

The ink-jet recording process according to

is a process

the ink to

The ink-jet recording process according to

used.

The ink-jet recording process according to

said black ink

and the

surface tension of the yellow, magenta and cyan inks

each is within the range of from 25 to 35 dyne/cm.

20.
20

A process for producing a recording paper,

comprising the step of applying to a base paper mainly

composed of pulp fibers and a filler a coating solution

containing particles,

having a surface where pulp fibers bared

to produce a recording paper

to the surface

and pulp fibers covered with particles are present

25

coefficient of absorption Ka of not less

together in portions; said base paper having a

than 10

ml/(m?-msec*’?) at a contact time of not longer than 4
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10 are used.

used. 20

10. The recording systemaccording to claim38, wherein said
I nk-j et recordi ng apparatus enploys a process conpri sing
energy to act on the 15 ink to eject ink droplets fr
The recording systemaccording to claim9, wherein a b
12 The recordi ng system.aggordi ng to [cliai

: : e n
the surface tension of said black ink is |larger than thgt offnﬂt]m%ék h

different col or,

and the quantity of ink transfer as neds S

test method using the black ink is not |ess than the magi mum 25 shot - i{n

I nk quantity per unit area of the recording

10

15

20

25

msec as measured by the Bristow's test method using an
ink having a surface tension of 45 to 50 dyne/cm at

25°C.

21. A recording.paper comprising pulp fibers and
a filler, i) having a surface where pulp fibers bared
to the surface and pulp fibers covered with particles
are present together in portions, and ii) wherein the
paper has two kinds of coefficient of absorption Ka, (t,
< T,) and Ka, (t, > T,) when tested by the Bristow's
method, where a change point Th at which Ka, changes to
Ka, is present at a time shorter than a minimum
ink-shoot time interval Tl for adjacent dots with
different colors and Ka, and Ka, satisff the following
condition.

Ka, £ 5.0

5.0 < Ka, s 15.0

22. An ink-jet recording process comprising color
recording carried ocut on the recording paper according
to claim 21, using three color inks of yellow, magenta

and cyan.

23. The ink-jéf recording process according to
claim 22, wherein said ink-jet recording is a process
comprising causing heat energy to act on the ink to

eject ink droplets from an orifice.



system used. -59- 13. The recording system according t
wherein the surface tension of said black ink is in ther
60 dyne/cm and the surface tension of the yellow, magent
each is within the 5 range of from25 to 35 dyne/cm
paper conprising a base paper mainly conposed of pulp fi
I) coated with a coating solution containing particles,
.-62_-

24. The ink-jet recording process according to

claim 22, wherein a black ink is further used.

25. A recording system comprising an ink-jet
5 recording apparatus and a recording paper used therein,
wherein said recording paper is the recording paper

according to claim 21.
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covered with particles are present together in portions,
t he base paper has a coefficient of absorption Ka of not ] gss than IO

m/(nferr].nsec[err]) at a contact tinme of not |onger than |4 32
nmeasured by the Bristow s test nethod-ussng an i nk havi ng q sur#gg%%?gns

16 surface where pulp fibers bared to the surface and 'ﬁgﬁLfiu»r: __]
T

by the Bristow s te§L£E§ﬂﬂ@ﬁL&§E@@ anllnk haV|ng a surface ten5|on of from
45 ABSTRACT OF THE DISCLOSURE

A recording paper comprising pulp fibers and a

~ filler has a surface where pulp fibers bared to the

surface and pulp fibers covered with particles are

S present together in portions. The quantity of ink

transfer at a minimum ink-shoot time interval for

adjacent dots with different colors as measured by the

Bristow's test method is not smaller than a maximum
shot-in ink quantity per uhit area of recording" system

10 used.

FIGURE 1



to 50 dyne/cmis not smaller than a° ‘maxi mum shot-in ink 25 guantity per
unit area of the recording system used. -16. An ink-jet reccrﬁEfPV.mCEME&?fa EET

conpri sing col or - 60 - recording carried out on the réce

according to claim 14 or 15, using three color inks of yello enta an
cyan. 5 17.  The ink-jet recording process accordipg t34cBECn199&3,
wherein said ink-jet recording is a proce¢ss conprising cauali at_energ

to act on the ink to
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eject ink droplets froman orifice. 10 18. The i nk- I I
process according to claim 16, wherein a black ink is furt eﬁﬁﬂé§ﬁﬁgﬁg?ﬂgﬁr
i nk-j et recording process according to claim 18, wherein thelsurface
tensi on of said black ink 15 is in the range of from45|t¢ @4 OECRI
and the surface tension of the yellow, nagenta and cyan inKs}leach is withih
the range of from25 to 35 dyne/cm 20. A process for prodycing a recording
paper, 20 conprising the step of appl@ing to a base papdr_nainly

conposed of pulp fibers and a filler a coating solution containing

particles, to produce a recording paper having a surface where pulp fibers
bared to the surface :
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and pulp fibers covered wth particles are present 25 t
portions; said base paper having a coefficient of absorpti
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to the surface and pulp fibers covered with particles are
in portions, and ii) wherein the paper has two kinds of c¢eRERLACEMENTSHEET
absorption Kal (t1 10 < Th) and Ka2 (t2 > Th) when tested by {he
Bristow s nethod, where a change point Th at which Kal cha ges b¥ 6! S
present at a time shorter than a m ni mum i nk-shoot tine inft rvé? or

adj acent dots with different colors and &Ka, and Ka2 sati sfly
15 condition. Ka, < 5.0 5.0 < Ka2 < 15.0 22. An ink-je

recordi ng

process conprising color 20 recording carried out ont OOt Ng paper
accordi ng
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té claim?21l, using three color inks of yellow mnmagenta anf—eyanf 23._The
ink-jet recording process according to 25 claim 22, \MWJRﬁmlsEMENFBhEEﬁt
recording s a process conprising causing heat energy to achu thre—t-rk

eject ink droplets froman orifice. - 62 - 24. The ink}j rd|
process according to claim?22, wherein a black ink is fur zds )

recordi ng system conprising an ink-jet
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I's the recording paper according to claim

recordi ng apparatus and a recordi ng paper used t her ej f,

recordi ng paper
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recording, can be also used as writing paper writable
with ball point pens, pencils or the like, having high
general-purpose properties, and can be provided at a
very low cost compared with coated paper.

A recording pPaper comprising pulp fibers and a
filler has a surface where pulp fibers bared to the
surface and pulp fibers covered with particles are
Present together in portions. The quantity of ink
' transfer at a minimum ink-shoot time interval for
adjacent dots with different colors as measured by the
Bristow's test method is not smaller than a maximum
shot-in ink quantity per unit area of recording” system

used.



