
DESCRIPTION POLYACRYLIC ACID (SALT) WATER-ABSORBENT
RESIN, PRODUCTION PROCESS THEREOF, AND ACRYLIC ACID
USED IN POLYMERIZATION FOR PRODUCTION OF
WATER-ABSORBENT RESIN TECHNICAL FIELD The present
invention relates to a polyacrylic acid (salt)
water-absorbent resin, a production process thereof,
and acrylic acid used in polymerization for production
of water-absorbent resin. More specifically, the
present invention particularly relates to (i) a
water-absorbent resin having improved relationship
between absorption capacity and water-soluble polymer,
which are conflicting properties of the
water-absorbent resin, (ii) a production process of
the water- absorbent resin, and (iii) an acrylic acid
for the production process of the absorbent resin.
BACKGROUND ART In recent years, water-absorbent resins
having a high water absorbency are developed and
frequently used mainly for disposable uses, for
example, as absorbent articles (e.g. disposable
diapers and sanitary napkins) and further a s
water-retaining agents for agriculture and
horticulture andfor industrial sealing materials. As
to such water-absorbent resins, many monomers and
hydrophilic polymers are proposed as their raw
materials. Of them, acrylic water-absorbent resins as
obtained from acrylic acid and/or its salt as the
monomers are industrially most commonly used because
of their high water absorbency. Because
water-absorbent resins are generally used for
disposable uses (such as disposable diapers) , it is
essential that they are inexpensive. Therefore, the
enhancement of their productivity is in high demand.
In addition, there is a natural high demand for the
absorbent articles to avoid problems with respect to
the safety and coloration of the absorbent articles.
Specifically, the water-absorbent resin contains the
unreacted residue of acrylic acid. Although the
content of the unreacted acrylic acid is several
hundred to about 1,000 ppm by weight, a decrease in
the content of the unreacted acrylic acid is demanded.
In addition, the water-absorbent resin is combined
with white pulp in the absorbent articles. Therefore
there is a high demand for the water-absorbent resin
also to be white so as not to give any
foreign-substance feeling or appearance caused by
coloration. 



In addition, the water-absorbent resin is
water-swellable and water-insoluble. However, as
described in Patent document 1, in the water-absorbent
r.esin, there is also contained an uncrosslinked
water-soluble polymer(water-soluble component) in the
range of several wt % to several tens of wt %. The
decrease of the content of this water-soluble
component is also demanded. Moreover, as described in
Patent document 2, the absorbent articles containing
the water-absorbent resin is required to possess
acceptable water absorption properties under pressure,
such as absorption capacity under pressure and liquid
permeability under pressure. In order to solve the
above problem, there has been suggested the process
including the step of polymerizing a monomer having
impurities in small amounts to produce a
water-absorbent resin. Examples of such a process
include: the process including the step of carrying
out purification so that a monomer has a heavy metal
content of not more than 0 .1 ppm and the step of
carrying out polymerization of the monomer (Patent
document 3 ); the process including the step of
carrying out polymerization by using acrylic acid
including acrylic dimmer or oligomer in small amounts
(Patent documents 4 and 5 ); the process including the
step of carrying out purification of acrylic acid for
polymerization to obtain an acetic acid or proprionic
acid content of less than 400 ppm (Patent document 6
); the process including the step of carrying out
polymerization by using acrylic acid including
protoanemonin in small amounts (Patent document 7 );
the process including the step of carrying out
polymerization byusing acrylic acid including furfural
in small amounts (Patent document 8 ); and the process
including the step of carrying out polymerization by
using acrylic acid including hydroquinone in small
amounts (Patent document 9 ). As the process including
the step of reducing the amount of impurities in
material for a water-absorbent resin, the following
processes have been suggested. That is, the process
including the step of treating acrylic acid with an
aldehyde treatment agent (Patent document 10 ), and
the process including the step of treating acrylate
with an active carbon (Patent document 11). As
disclosed in Patent documents 3 through 11, there has
been suggested the method for realizing a
water-absorbent resin with excellent properties by the
process including the step of purifying acrylic acid
or the like as raw 



material at a high purity. However, there occurs the
cost problem and the problem of decrease in
productivity. Furthermore, there has been suggested
the polymerization process for a water-absorbent
resin, including the step of adding trace components
in certain amounts for the improvement in properties
of the resulting water-absorbent resin. Examples
thereof includes: the process in which acrylic acid
has a methoxyphenol content of 10 to 20.0 ppm (Patent
document 12 ); the pro.cess in which there coexists
furfural of 11 to 2000 ppm (Patent document 13 );and
the process using metal (Patent documents 14 and 15 ).
However, in Patent documents 12 and 13, there occurs
the problem that tke resultant water-absorbent resin
becomes colored (turns yellow) due to oxidation of
methoxyphenol and furfural, which are contained in a
monomer, in the course of the production of a
water-absorbent resin. [Patent document 1] U.S. Patent
No. 4654039 [Patent document 2 ] U.S. Patent No.
5562646 [Patent document 3 ] Japanese Unexamined
Patent Publication No. 31306/ 199 1 (Tokukaihei 3-3
1306) [Patent document 4 ] Japanese Unexamined Patent
Publication No. 211934/ 1994 (Tokukaihei 6-2 11934)
[Patent document 5 ] International Publication WO04 /
52949 [Patent document 6 ] International Publication
WO03 / 955 10 [Patent document 7 ] European Patent No.
1302485 [Patent document 8 ] . U.S. Patent Application
Publication No. 2004/ 01109 13 [Patent document 9
]U.S. Patent No. 6444744 [Patent document 10 ]
International Publication WO03/ 14 172 [Patent
document 11] International Publication WO04/ 528 19
[Patent document 12 ] U.S. Patent Application
Publication No. 2004 / 01109 14 [Patent document 13]
U.S. Patent Application Publication No. 2004 / 0110897



[Patent document 14 ] U.S. Patent No. 5439993 [Patent
document 15 ] European Patent No. 145754 1 DISCLOSURE
OF INVENTION An object of the present invention is to
provide a process for producing a water-absorbent
resin having an improved relationship between
absorption capacity and water-soluble polymer, which
are conflicting properties of a water-absorbent resin,
being mildly controlled for polymerization reaction,
maintaining and improving high absorption properties,
being of no odor, being uncolored water-absorbent
resin odor, and being produced with a high
productivity. In order to solve the problem, as a
result of extensive research, the inventors of the
present invention have foundthat the problem can be
solved by producing a water-absorbent resin by an easy
process including: the step of polymerizing a monomer
including a particular unpolymerizable organic
compound in a specified amount, the unpolymerizable
organic compound having a solubility parameter of (1.0
to 2.5 ) 104 (Jm-3)1/2; and the step of carrying out a
particular heat treatment, and have completed the
present invention. More specifically, in a process for
producing a water-absorbent resin by polymerizing an
acrylic acid composition including acrylic acid and/
or its salt, the process includes: (a) the step of
carrying out radical polymerization of the acrylic
acid composition to form a hydrogel crosslinked
polymer; and (b) the step of drying the hydrogel
crosslinked polymer by application of heat, the
acrylic acid composition having an unpolymerizable
organic compound content of 1 to 1000 ppm by weight,
wherein the unpolymerizable organic compound has a
solubility parameter of (1.0 to 2.5) c 104 (Jm-3)1/2.
In the process for obtaining a water-absorbent resin
according to the present invention, the
unpolymerizable organic compound is preferably
included or added in advance in the acrylic acid
composition. It is preferable that the acrylic acid
composition is purified so that a content of the
unpolymerizable organic compound included in the
acrylicacid composition is adjusted to 1 to 1000 ppm
by weight. The unpolymerizable organic compound is at
least one compound selected from the group consisting
of heptane, dimethyl cyclohexane, ethyl cyclohexane,
toluene, 



ethylbenzene, xylene, diethyl ketone, diisopropyl
ketone, methyl propyl ketone, methyl isobutyl ketone,
methyl-t-butyl ketone, n-propyl acetate, n-butyl
acetate, diphenyl ether, and diphenyl. The
unpolymerizable organic compound is aromatic compound.
The process for producing a water-absorbent resin of
the present invention preferably further includes:
after the step (b) , (c) the step of subjecting the
hydrogel crosslinked polymer to surface-crosslinking
treatment by application of heat. In the steps (b) and
(c) , the heat is preferably at a temperature not
lower than a boiling point of the unpolymerizable
organic compound. In the step (b) , it is preferable
to carry out hot-air drying with a gas having a dew
point of 50 to 100 C. In the process for producing a
water-absorbent resin of the present invention, the
acrylic acid composition preferably includes:
methoxyphenol content of which is 10 to 200 ppm by
weight; at least one compound content of which is 1 to
1000 ppm by weight, the compound being selected from
the group consisting of b-hydroxypropionic acid and
acrylic acid dimmer; and phenothiazine content of
which is 0 to 0. 1 ppmby weight. In the process for
producing a water-absorbent resin of the present
invention, the radical polymerization is preferably
aqueous solution polymerization. The process for
producing a water-absorbent resin of the present
invention is preferably such that the step (a) is a
step of neutralizing the acrylic acid composition with
a basic composition; and then carrying out radical
polymerization of a resultant neutralized product,
thereby forming a hydrogel crosslinked polymer, the
basic composition including a basic compound and iron,
the basic composition having an iron content of 0.2 to
5 ppm by weight in terms of Fe2q . A water-absorbent
resin of the present invention is a water-absorbent
resin produced by polymerizing the acrylic acid
composition, the acrylic acid composition having an
unpolymerizable organic compound content of not more
than 10 ppm by weight and an iron content of 0 .01 to
1 ppm by weight, wherein the unpolymerizable organic
compound has a solubility parameter of (1.0 to 2.5)
104 (Jm-3)1/2. The water-absorbent resin of the
present invention is preferably such that the
unpolymerizable organic compound is at least one
compound selected from the group consisting of
toluene, diphenyl ether, diphenyl, heptane, dimethyl 



cyclohexane, and ethyl cyclohexane. A sanitary
material of the present invention includes the
water-absorbent resin of the present invention.An
acrylic acid composition of the present invention has
an unpolymerizable organic compound content of 1 to
1000 ppm by weight, the unpolymerizable organic
compound having a solubility parameter of (1.0 to 2.5
) x 104 (Jm-3)1/2. A process for producing an acrylic
acid composition of the present invention, includes:
the step of purifying the acrylic acid composition in
which an unpolymerizable organic compound having a
solubility parameter of (1.0 to 2.5) 104 (J m 3)1/2 is
included or added in advance, so that a content of the
unpolymerizable organic compound included in the
acrylic acid composition is adjusted to 1 to 1000 ppm
by weight. Additional objects, features, and strengths
of the present invention will be made clear by the
description below. BEST MODE FOR CARRYING OUT THE
INVENTION The following will describe the present
invention in detail. (1) Water-absorbent resin The
"crosslinked water-absorbent resin" in the present
invention refers to a polymer having
water-swellability and water-insolubility as a result
of introducing a crosslinked structure into the
polymer, wherein the "water-swellability" means
physiological saline absorbency (GVs) without pressure
of at least 2 times, preferably 5 to 200 times, more
preferably 20 to 100 times, and wherein the
"water-insolubility" meanssubstantial
water-insolubility such that the water-soluble polymer
content in the resin is essentially 0 to 50 wt %,
preferably 0 to 25 wt %, more preferably 0 to 15 wt %,
still more preferably 0 to 10 wt %. These properties
are measured by methods defined in an example below. A
polyacrylic acid(salt) water-absorbent resin in the
present invention is the one obtained by polymerizing
a monomer including acrylic acid and/ or its salt as a
main component, wherein the acrylic acid and/ or its
salt is in a total amount of essentially 50 to 100 mol
%, more preferably 70 to 100 mol %, still more
preferably 90 to 100 mol %, particularly preferably
substantially 100 mol %, relative to the entire
monomers (exclusive of cross-linking agents) used for
the polymerization. Note that, the term "monomer"
herein refers to a monomer including acrylic acid and/
or its salt as a main component, and is also used as a
synonym for "acrylic acid component" . 



In terms of the properties, the acrylate used in the
present invention is: preferably monovalent salts of
acrylic acid, such as alkaline metal salts, ammonium
salts, and amine salts; more preferably alkaline metal
acrylates; and still more preferably alkaline metal
acrylates selected from among sodium salt, lithium
salt, and potassium salt. Further, polyvalent metal
salts, such as calcium .salts and aluminum salts, may
be used in combination as long as thewater-absorbent
resin as obtained in the present invention has
water-swellability. The water-absorbent resin, as
obtained in the present invention, is such that 20 to
99 mol %, preferably 50 to 95 mol %, more preferably
60 to 90 mol %, in terms of neutralization ratio, of
the acid groups of the polymer are neutralized. The
neutralization may be carried out either to the
monomer component before polymerization, or to the
hydrogel crosslinked polymer during and/or after
polymerization. Furthermore, the neutralization of the
monomer component and the neutralization of the
polymer may be adopted in combination. However, it is
preferable to subject acrylic acid as the monomer
component, i.e. acrylic acid included in the acrylic
acid composition, to alkali treatment as will be
hereinafter described. (2) Unpolymerizable organic
compound The unpolymerizable organic compound is an
organic compound having no polymerizable unsaturated
bond formed with a vinyl group, an allyl group, or the
like, and the present invention uses, as an essential
component, a monomer including an unpolymerizable
organic compound content of 1 to 1000 ppm by weight,
wherein the unpolymerizable organic compound has a
solubility parameter of (1.0 to 2.5 ) 104 (Jm- 3)1/2.
In other words, the acrylic acid composition of the
present invention include an unpolymerizable
organiccompound content of 1 to 1000 ppm by weight,
wherein the unpolymerizable organic compound has a
solubility parameter of (1.0 to 2.5) x 104 (Jm-3)1/2.
Note that, the unpolymerizable organic compound in the
present invention is an organic compound with no
polymerizable unsaturated bonds. Such an organic
compound is (i) a compound having saturated bonds and
being unpolymerizable by radical polymerization,
ultraviolet polymerization, or gamma-ray
polymerization by thermal decomposition or an
oxidizing agent/ reducing agent (aliphatic compound
and alicyclic compound), or (ii) an organic compound
such as an aromatic compound. 



The solubility parameter (d) is herein a cohesive
energy density and can be calculated from the
following equation: d ((Jm-3)1/ ) = pSG/M... (Equation
1) where p is density (g/ cm3), G is the Holly
cohesive energy constant, SG is a sum of cohesive
energy constants of component atom groups, p and G are
values at a temperature of 25  1 C, and Mis molecular
weight. Herein, if the solubility parameter d is
calculated in the unit ((calm-3)1/2), the solubility
parameter is appropriately expressed in the unit
(Jrrr3)1/2. For example, the value d of solubility
parameter specified in the publications such as The
Polymer Handbook, 3rd Edition (pages 527 to 539;
published by Wiley Interscience Publication) and
Chemical handbook BasicEdition (published by the
Chemical Society of Japan) is adopted. Also, as the
solubility parameter of a solvent, which is not
specified on the publications, the value d which is
obtained by substituting the Holly cohesive energy
constant into the Small equation specified on page 524
of The Polymer Handbook is adopted. The present
invention uses the monomer including the above
particular compound in certain amounts, thereby
producing, with a high productivity, a water-absorbent
resin having (i) an improved relationship between
absorption capacity and water-soluble polymer, which
are conflicting properties of the water-absorbent
resin, (ii) being easily controlled for polymerization
reaction, (iii) being less colored, and (iv) being of
high absorption properties. A monomer having an
unpolymerizable organic compound content of less than
1 ppm by weight, wherein the unpolymerizale organic
compound has a solubility parameter of (1.0 to 2.5 )
104 (Jm-3)1/2, is not preferred because it has the
difficulty in being controlled for polymerization,
which is caused by an excessive rise in temperature of
a polymerized substance due to heat liberated by the
polymerization, and causes degradation in absorption
properties. Meanwhile, a monomer having an
unpolymerizable organic compound content of more than
1000 ppm by weight, wherein the unpolymerizale organic
compound has a solubility parameter of (1.0 to 2.5 )
104(Jm-3)1/2, includes too much amount of the
unpolymerizable organic compound to achieve the object
of the present invention, and might cause the problem,
e.g. odor from a resultant water-absorbent resin.
Further, the particular compound (unpolymerizable 



organic compound) is finally removed by a particular
heating step (e.g. drying and surface treatment) so
that the resultant water-absorbent resin is free from
odors and other problems. Such an unpolymerizable
organic compound is used in an amount of 1 to 1000 ppm
by weight, preferably 1 to 500 ppm by weight, more
preferably 1 to 300 ppm by weight, still more
preferably 5 to 300 ppm by weight, particularly
preferably, 10 to 300 ppm by weight, most preferably
10 to 100 ppm by weight, relative to the monomer
(acrylic acid composition) . The solubility parameter
of the unpolymerizable organic compound is essentially
(1.0 to 2.5 ) 104 (Jm 3)1/2, preferably (1.0 to 2.2) x
104 (Jm-3) 2 , more preferably (1.1 to 2.0 ) 104
(Jm-3) /2, still more preferably 1.3 to 2.0 ) 104
(Jm-3) 1 2 , and most preferably (1.5 to 1.9) 104
(Jm-3) 1/2. The organic compound having a solubility
parameter of (1.0 to 2.5 ) 104 (Jm-3)1/2, which is an
organic compound having an excellent compatibility
with acrylic acid and having no. polymerizable
unsaturated bonds, refers to a lipophilic organic
compound. Of such unpolymerizable organiccompounds, an
organic compound having no halogen content is
preferable, and hydrocarbon consisting of only carbon
and hydrogen is more preferable, in terms of
environmental loads. Further, a boiling point of the
unpolymerizable organic compound is preferably 95 to
300 C, more preferably 130 to 260 C. The organic
compound having a solubility parameter of more than
2.5 104 (Jm-3)1/2 is not preferable in terms of
polymerization control and polymerization reaction.
More specifically, the unpolymerizable organic
compound is at least one compound selected from the
group consisting of heptane (boiling point: 95 C) ,
dimethyl cyclohexane (boiling point: 132 C), ethyl
cyclohexane, toluene (boiling point: 110 C) ,
ethylbenzene (boiling point: 136 C) , xylene (boiling
point: 138 to 144 C) , diethyl ketone (boiling point:
10 1 C), diisopropyl ketone (boiling point: 124 to 125
C), methyl propyl ketone (boiling point: 102 C),
methyl isobutyl ketone, methyl-t-butyl ketone,
n-propyl acetate (boiling point: 10 1 C), n-butyl
acetate (boiling point: 124 to 125 C) , diphenyl ether
(boiling point: 259 C) , and diphenyl (boiling point:
255 C) . Of these unpolymerizable organic compounds,
preferably is at least one compound selected from the
group consisting of heptane, ethylbenzene, xylene,
methyl isobutyl ketone, methyl-t-butyl ketone, 



diphenyl ether, and diphenyl, more preferably
hydrophobic compounds, still more preferably aromatic
compounds,particularly preferably toluene, diphenyl
ether, and diphenyl, most preferably toluene in terms
of polymerization properties and productivity and
further in terms of the effect of inhibiting oxidation
and deterioration of a polymer chain after the
completion of the polymerization step. The
unpolymerizable organic compound is essentially
included in a monomer (acrylic acid composition)
before polymerization. The monomer including
unpolymerizable organic compound may be prepared in
such a manner that the unpolymerizable organic
compound is added to a monomer, i.e. acrylic acid
composition after the preparation of the monomer, the
unpolymerizable organic compound is added to a monomer
i.e. acrylic acid composition during the preparation
of the monomer, or the unpolymerizable organic
compound is included in advance or added to raw
materials for a monomer, i.e. components of acrylic
acid composition including acrylic acid, cross-linking
agents, water, and alkali compounds. In such
preparation methods, the unpolymerizable organic
compound is hydrophobic and generally water-insoluble,
and therefore is preferably dissolved or included in
acrylic acid, in advance. In the present invention, it
is preferable that the unpolymerizable organic
compound is included or added, in advance, to acrylic
acid as used in preparing the monomer. That is, it is
preferable that the unpolymerizable organic compound
isdissolved in advance in an unneutralized acrylic
acid so that the unneutralized acrylic acid is used
for the preparation of an aqueous solution of the
monomer. The following will describe acrylic acid and
acrylic acid composition as used in the present
invention. (3) Acrylic acid and acrylic acid
composition Examples of known industrial processes for
producing acrylic acid include a process of catalytic
gas phase oxidation of propylene and/ or acrolein, an
ethylene cyanohydrin process, a high pressure Reppe
process, an improved Reppe process, a ketene process,
and an acrylonitrile hydrolysis process. Of them, the
process of catalytic gas phase oxidation of propylene
and/ or acrolein is most commonly employed. Then, in
the present invention, acrylic acid as obtained by
such a catalytic gas phase oxidation process is
preferably used. This acrylic acid, as obtained by the
catalytic gas phase oxidation process, usually
contains impurities in an amount 



of not less than approximately 2000 ppm by weight.
Such an acrylic acid including the impurities can be
herein referred to as an acrylic acid composition. In
one of the processes for producing a water-absorbent
resin according to the present invention, used is the
acrylic acid composition preferably including the
unpolymerizable organic compound of 1 to 1000 ppm by
w.eight, in addition to acrylic acid. Preferably, the
acrylic acid composition furtherincludes
b-hydroxypropionic acid and/ or acrylic acid dimmer in
total amounts of 1 to 1000 ppm by weight (based on the
weight in terms of the unneutralized acrylic acid;
hereinafter omitted) , preferably 1 to 500 ppm by
weight, more preferably 1 to 300 ppm by weight, and
also includes methoxyphenol of 10 to 200 ppm by
weight. Specific examples of the aforementioned
methoxyphenol include o-, m-, p-methoxyphenol and
methoxyphenol which have at least one substituent such
as methyl, t-butyl, or hydroxyl. In the present
invention, p-methoxyphenol is particularly preferable.
A methoxyphenol content is in the range of 10 to 200
ppm by weight, preferably in the range of 10 to 100
ppm by weight, more preferably in the range of 10 to
90 ppm by weight, still more preferably in the range
of 10 to 80 ppm by weight, most preferably in the
range of 10 to 70 ppm by weight. In the case where a
p-methoxyphenol content is more than 200 ppm by
weight, there occurs a problem that the resultant
water-absorbent resin becomes colored (becomes tinged
with yellow/ turns yellow) . On the other hand, in the
case where the p-methoxyphenol content is less than 10
ppm by weight, particularly less than 5 ppm by weight,
in other words, in the case where the p-methoxyphenol
which is a polymerization inhibitor has been removed
by purification such as distillation, not only is
there . a danger that the polymerization will take
place before intentionally beinginitiated, but also,
surprisingly, the polymerization rate rather becomes
slow. The (i) unpolymerizable organic compound and
(ii) b-hydroxypropionic acid and/or acrylic acid
dimmer included in total amounts of less than 1 ppm by
weight make it difficult to control for
polymerization, which is caused by an excessive rise
in temperature of a polymerized substance due to heat
liberated by the polymerization, and can cause
degradation in absorption properties. The (i)
unpolymerizable organic compound and (ii)
b-hydroxypropionic acid and/or acrylic acid dimmer
included in too much total amounts 



causes the increase of a residual monomer content
(residual acrylic acid) in the water-absorbent resin.
Apart from the methoxyphenol, other polymerization
inhibitors can be used in the acrylic acid composition
as used in the present invention in the course of the
production. For example, phenothiazine, hydroquinone,
copper salts, and Methylene Blue are effective
polymerization inhibitors. However, such
polymerization inhibitors impair the polymerization,
unlike the methoxyphenol. Such polymerization
inhibitors in a lower content are desired, and the
content of the polymerization inhibitors is preferably
0 to 0 .1 ppm by weight, more preferably 0 ppm by
weight (which is lower than a detection limit) . An
acrylic acid composition as used in the
presentinvention preferably has a protoanemonin and/
or furfural content of 0 to 20 ppm by weight. As the
protoanemonin and/ or furfural content increases, not
only does the polymerization time (time elapsed until
the polymerization temperature reaches its peak)
become longer to increase the residual monomer
content, but also the water-soluble component content
increases much more than the small increase in the
absorption capacity, resulting in relative
deterioration of properties. From the viewpoint of the
enhancements of the properties and performances of the
resultant water-absorbent resin, the protoanemonin
and/ or furfural content of the acrylic acid is more
preferably not more than 10 ppm by weight, still more
preferably in the range of 0.0 1 to 5 ppm by weight,
yet still more preferably 0 .05 to 2 ppm by weight,
particularly preferably 0 .1 to 1 ppm by weight.
Further, the acrylic acid composition as used in the
present invention is preferably lower in aldehyde,
except furfural, and/ or maleic acid content. The
aldehyde and/ or maleic acid content is preferably 0
to 5 ppm by weight, more preferably 0 to 3 ppm by
weight, still more preferably 0 to 1 ppm by weight,
particularly preferably 0 ppm by weight (which is
lower than a detection limit) , relative to the weight
of -acrylic acid. Examples of aldehyde except furfural
include benzoic aldehyde, acrolein, and
acetaldehyde.Still further, the acrylic acid
composition as used in the present invention includes
a saturated carboxylic acid composed of acetic acid
and/ or propionic acid. A saturated carboxylic acid
content is preferably not more than 1000 ppm by
weight, more preferably 10 to 800 ppm by weight, 



particularly preferably 100 to 500 ppm by weight,
relative to the weight of acrylic acid. Such a
saturated carboxylic acid is unpolymerizable and
volatile. As such, the saturated carboxylic acid
content of more than 1000 ppm by weight causes the
odor problem. However, a low saturated carboxylic acid
content is preferable because it causes the resultant
water-absorbent resin to have a safe antibacterial
activity. In the present invention, examples of the
process for obtaining the aforementioned acrylic acid
composition, but are not limited to, include the
following processes (A) to (D) . The quantification of
the components included in the acrylic acid
composition can be carried out by liquid
chromatography or gas chromatography. Process (A) : A
process including the step of distilling commercially
available acrylic acid containing p-methoxyphenol as a
polymerization inhibitor in an amount of 200 ppm by
weight or an aqueous solution of this acrylic acid,
thereby adjusting the contents of (i) an
unpolymerizable organic compound having a solubility
parameter of 1.0 to 2.5 (Jem-3)1/2 in the acrylic acid
(boiling point: 139 C) , (ii)b-hydroxypropionic acid
and/ or acrylic acid dimmer, and (iii) methoxyphenol
such as p-methoxyphenol (boiling point: 113 to 115 C/
5 mmHg) to the above-specified contents. Process (B) :
A process including the step of adding (i) an
unpolymerizable organic compound having a solubility
parameter of 1.0 to 2.5 (Jem 3)1/2 in the acrylic acid
in an amount as defined in the present invention, (ii)
b-hydroxypropionic acid and/ or acrylic acid dimer,
and (iii) methoxyphenol to methoxyphenol, such a s
p-methoxyphenol, as a polymerization inhibitor.
Process (C) : A process including the step of
adjusting (i) an unpolymerizable organic compound
having a solubility parameter of 1.0 to 2.5
(Jem-3)1/2, (ii) b-hydroxypropionic acid and/ or
acrylic acid dimer, and (iii) methoxyphenol
(p-methoxyphenol) to be in contents as respectively
defined in the present invention, in a process for
producing acrylic acid. Process (D) : A process
including the step of blending acrylic acids having
respectively different contents of unpolymerizable
organic compound having a solubility parameter of (1.0
to 2.5 ) 104 (Jm-3)1/2, b-hydroxypropionic acid and/
or acrylic acid dimmer, and methoxyphenol (e .g.
p-methoxyphenol) , thereby adjusting the contents of
the unpolymerizable organic compound, the
b-hydroxypropionic 



acid and/ or acrylic acid dimmer, and methoxyphenol as
those defined in the present invention.Specific
examples of processes for obtaining the acrylic acid
composition (also referred to as acrylic acid
including trace components as impurities) in the
process (A), include processes involving distillation,
crystallization, or adsorption by ion-exchange resins.
Hereinafter, examples of the process involving the
distillation and crystallization are described. (1) A
process including the steps of: distilling the
commercially available acrylic acid with a
distillation column having a condenser, a
distillate-extracting tube, and a reflux-supplying
tube at a top portion of the column and further having
a boiler and a raw-material-liquid-supplying tube at a
lower portion of the column and still further having a
stabilizing-agent-supplying tube at an upper portion
of the condenser; and, while adding an unpolymerizable
organic compound having a solubility parameter of ( 1
.0 to 2.5) 104 (Jm-3)1/2, b-hydroxypropionic acid
and/or acrylic acid dimmer, and methbxyphenol from the
stabilizing-agent-supplying tube, obtaining the
acrylic acid composition having the unpolymerizable
organic compound having a solubility parameter of (1.0
to 2.5) 104 (Jm- / , the b-hydroxypropionic acid
and/or the acrylic acid dimmer, and the methoxyphenol
respectively adjusted in predetermined amounts. (2) A
process including the step of introducing the
commercially available acrylic acid into a
crystallizer for itspurification, thereby obtaining
the acrylic acid having the unpolymerizable organic
compound having a solubility parameter of (1.0 to 2.5
) 104 (Jm-3)1/2, the b-hydroxypropionic acid and/or
the acrylic acid dimmer, and the methoxyphenol in
respectively specified amounts. (3) A process
including the step of purifying the acrylic acid
composition so that the content of the unpolymerizable
organic compound included in the acrylic acid
composition is adjusted to 1 to 1000 ppm by weight.
That is, a process including the step of preparing an
acrylic acid composition by purifying acrylic acid
having the unpolymerizable organic compound having a
solubility parameter of (1.0 to 2.5 ) c 104 (Jm- 3)1/2
mixed thereinto, so that there remains the
unpolymerizable organic compound in a specific amount.
How to add the unpolymerizable organic compound having
a solubility parameter of (1.0 to 2.5) 104 (Jm-3)1/2,
the b-hydroxypropionic acid and/ or the acrylic acid
dimmer, 



and the methoxyphenol during the distillation in the
process (1) above is not especially limited. They may
be added either directly in the form of powder, or in
the form of solutions in the acrylic acid. Suitable
devices that can be used in the process (2) above are
disclosed in Japanese Examined Patent Publication No.
4 1637 / 1978 (Tokukousho 53-4 1637) . Conventionally,
the technique of purifying acrylic acid for the
production of a water-absorbent resin is known in
theabove patent documents. The conventional technique
of purifying acrylic acid is applied to a commercially
available acrylic acid having a p-methoxyphenol
content of approximately 200 ppm by weight. However,
such an idea has never been conceived that the
unpolymerizable organic compound, the
b-hydroxypropionic acid and/ or the acrylic acid
dimmer, and the methoxyphenol are adjusted to the
unpolymerizable organic compound having a particular
solubility parameter and a particular amount, the
b-hydroxypropionic acid and/ or the acrylic acid
dimmer of a particular amount, and the methoxyphenol
of a particular amount. With the above process for
obtaining acrylic acid composition, it is possible to
obtain a new acrylic acid composition, i.e. acrylic
acid composition having an unpolymerizable organic
compound content of 1 to 1000 ppm by weight, the
unpolymerizable organic compound having a solubility
parameter of (1.0 to 2.5) x 104 (Jm-3)1/2. Such an
acrylic acid composition is preferably used for raw
material used in the polymerization for the production
of a water-absorbent resin. Such acrylic acid
composition contains a small amount of water (0 to 5
wt %, further 0 to 2 wt %, particularly 0 to 1 wt %)
and the aforementioned trace components (e.g.
methoxyphenol) . Surprisingly, as an amount of
watercontained in acrylic acid composition becomes
large, a residual monomer content can increase. The
process for producing a water-absorbent resin
according to the present invention allows for
production, with a high productivity, of a
water-absorbent resin having an improved relationship
between absorption capacity and water-soluble polymer
which are conflicting properties of the
water-absorbent resin, being easily controlled for
polymerization reaction, being less colored, and being
of high absorption properties. (4) Basic composition
"Basic composition" herein means a composition 



containing a basic compound. In the present invention,
the basic composition preferably contains iron as will
be described hereinafter, i.e. iron-containing
compound, as well as the basic compound. Examples of
the basic compound as used in the present invention
include alkaline-metal (hydrogen)carbonate,
alkaline-metal hydroxides, ammonia, and organic
amines. However, in order to obtain a water-absorbent
resin having still higher properties, strong-alkali
substances i.e. alkaline-metal hydroxides such as
sodium hydroxide, potassium hydroxide, and lithium
hydroxide are preferable. Among the alkaline-metal
hydroxides listed above, sodium hydroxide is
particularly preferred. Sodium hydroxide usually has a
sodium carbonate and/ or sodium chloride content
ofabout 0 to 5 %. Such a sodium hydroxide is also
applied preferably to the present invention. As
described in Patent document 3, it has been known that
a heavy metal content of more than 0 .1 ppm by weight
in an aqueous solution of a monomer increases a
residual monomer content in a water-absorbent resin.
On the contrary, according to the process of the
present invention, i.e. the process including the step
of preparing a monomer by using (i) acrylic acid
containing particular trace components and (ii) a
basic composition containing iron in particular
amounts (0.2 to 5 ppm by weight) (based on the weight
in terms of Fe q ) (Preferably, a basic composition
containing iron and caustic soda) , it was found out
that the process of the present invention realized
shortening of a polymerization time, reduction in
water-soluble component content, and a less colored
water-absorbent resin. Further, Patent document 3
discloses distillation of acrylic acid and activated
carbon treatment of caustic soda, as the techniques
for decreasing the heavy metal content to 0. 1 ppm by
weight, preferably not more than 0 .02 ppm by weight.
However, Patent document 3 does not disclose
methoxyphenol as used in the present invention. Even
if the acrylic acid of Patent document 3 has a
methoxyphenol content of not less than 200 ppm by
weight, methoxyphenol having a high boiling point
(p-methoxyphenol has a boilingpoint of 113 to 115 C /
5mmHg) is removed by distillation and purification of
the acrylic acid (boiling point: 139 C) as described
in Patent document 3. As a result of this, a
methoxyphenol content in the distillated acrylic acid
becomes substantially 0 ppm by weight (lower than the
detection limit) . 



In addition, Patent document 3 is totally silent about
effectiveness of heavy metal for the polymerization in
the process for producing a water-absorbent resin.
More specifically, a basic composition as used in the
present invention contains a basic compound and iron.
The basic composition has preferably an iron content
(based on the weight in terms of Fe2U3) in the range
of 0.0 1 to 5 .0 ppm by weight, more preferably in the
range of 0.03 to 4 ppm by weight, and still more
preferably in the range of 0.05 to 2 PPm y weight,
particularly preferably 0.1 to 1 ppm by weight,
relative to solids content of the basic composition.
The iron content of lower than 0.0 1 wt % causes not
only the risk that the polymerization can possibly
take place before the addition of a polymerization
initiator, but also the possibility of a slow
polymerization even with the polymerization initiator
added. The iron as used in the present invention may
be Fe ion; however, it is preferably trivalent iron in
terms of effectiveness, particularly preferably Fe2 q
3. If the addition of iro.n such as Fe2 q 3 is
necessary, the iron may be added to either a monomer,
i.e. acrylic acid composition, or a basiccomposition.
(5) Subjecting an acrylic acid to alkali treatment The
process for producing a water-absorbent resin,
according to the present invention, includes the step
of preparing the monomer component by using the
aforementioned acrylic acid containing trace
components. In the step, the acrylic acid is
preferably subjected to alkali treatment with the
basic composition. The alkali treatment, as referred
to in the present invention, means a treatment in
which the acrylic acid to be treated is subjected to
neutralization at a temperature not lower than a
certain temperature (high-temperature neutralization)
or neutralization at a neutralization ratio not lower
than a certain neutralization ratio (high
neutralization) . Such an alkali treatment greatly
promotes the polymerization of acrylic acid. Specific
examples thereof include : a process in which the
acrylic acid composition is gradually added to a
certain amount of basic composition to get a strong
alkaline region; and a process in which the alkali
treatment is carried out simultaneously with the
neutralization by line-mixing the acrylic acid
composition and a strong-alkali basic composition
together. As to the high-temperature neutralization,
the 



temperature in the alkali treatment . is higher than a
temperature in normal neutralization. More
specifically, thetemperature in the alkali treatment
is preferably in the range of 30 C to the boiling
point, more preferably in the range of 40 C to the
boiling point, still more preferably in the range of
50 C to the boiling point, particularly preferably in
the range of 6 O C to the boiling point. In the alkali
treatment, in cases where the temperature is low and
where no strong alkali is used and further where the
neutralization has not yet been completed, the
polymerizability is so low that inferior results may
be also obtained with regard to the properties even if
a purified acrylic acid is used. As to the high
neutralization, these alkali treatments are preferably
in the presence of an excess of alkali so that the
neutralization ratio of acrylic acid is substantially
100 mol %. The amount of alkali can be more than is
necessary to neutralize 100 mol% of the acrylic acid.
Examples of the basic compound contained in the basic
composition as used for the neutralization include
alkaline-metal hydroxides such as sodium hydroxide,
potassium hydroxide, and lithium hydroxide. Among the
alkaline-metal hydroxides listed above, sodium
hydroxide is particularly preferred. In the alkali
treatment, particularly, strong-alkali treatment, the
acrylic acid is treated in such a manner to form an
aqueous solution or dispersion including
post-neutralization acrylate concentration of which is
preferably 10 to 80 wt %, more preferably 20 to 60 wt
%, stillmore preferably 30 to 50 wt %. The time of
such an alkali treatment, particularly the treatment
time in the case of carrying out the alkali treatment
in the presence of an excess of the alkali, is
appropriately determined in the range of preferably 1
second to 2 hours, more preferably 5 seconds to 1
hour. Furthermore, the alkali treatment is carried out
in the presence of oxygen for stability. Preferably,
the alkali treatment is carried out in a state where
the aqueous acrylic acid (or salt) solution, i.e. an
aqueous solution of acrylic acid composition, contains
oxygen preferably in the range of 0 .5 to 20 ppm, more
preferably 1 to 15 ppm, still more preferably 1.5 to
10 ppm. In the case where the oxygen content is low,
there are problems of the stability of the monomer in
the alkali treatment. The alkali treatment is
preferably carried out under an oxygen or air
atmosphere, more preferably, while oxygen or air is
blown in and/ or drawn in. The oxygen 



content is measurable with a dissolved oxygen meter
(e.g. membrane-type polarograph) . The monomer thus
obtained has preferably a turbidity (specified by JIS
K-O lOl ) of not more than 0 .5 . (6) Another monomer
The monomer includes acrylic acid and/ or its salt in
the range as previously defined. Such a monomer may be
used with another monomer in combination. In other
words, in thepresent invention, the acrylic acid
composition may contain acrylic acid and/ or its salt
in the aforementioned range and also contain another
monomer. Examples of this monomer that can be used in
combination include monomers as disclosed in U.S.
patents and European patents as will be described
later. Specific examples thereof further include
copolymers as obtained by copolymerizing the acrylic
acid and/ or its salt with, for example, water-soluble
or hydrophobic unsaturated monomers such as
methacrylic acid, (anhydrous) maleic acid, fumaric
acid, crotonic acid, itaconic acid, vinylsulfonic
acid, 2-(meth)acrylamido-2-methylpropanesulfonic acid,
(meth)acryloxyalkanesulfonic acid, and their alkaline
metal salts and ammonium salts, and further,
N-vinyl-2-pyrrolidone, N-vinylacetamide,
(meth)acrylamide, N-isopropyl(meth)acrylamide,
N,N-dimethyl(meth)acrylamide, 2-hydroxyethyl
(meth)acrylate, methoxypolyethylene glycol
(meth)acrylate, polyethylene glycol (meth)acrylate,
isobutylene, and lauryl (meth)acrylate. The
crosslinking method as used in the present invention
is not especially limited, but examples thereof
include: (A) a method which involves the step of
adding a cross-linking agent during and/ or after the
polymerization, thereby post-crosslinking; (B) a
method which involves radical crosslinking with
radical polymerization initiators; and (C) amethod
which involves radiation crosslinking such as by
electron beams. However, a preferable one is (D) a
method which involves the steps of beforehand adding a
predetermined amount of an internal cross-linking
agent to a monomer, and then carrying out
polymerization simultaneously with and/ or after which
a crosslinking reaction is carried out. Examples of
the internal cross-linking agent as used in the
present invention include N,N'-methylenebisacrylamide,
(poly)ethylene glycol di(meth)acrylate,
(poly)propylene glycol di(meth)acrylate,
(polyoxyethylene) trimethylolpropane 



tri(meth)acrylate, trimethylolpropane
di(meth)acrylate, polyethylene glycol di(
b-acryloyloxypropionate) , trimethylolpropane tri(
b-acryloyloxypropionate) , poly(meth)allyloxyalkanes,
polyethylene glycol diglycidyl ether, ethylene glycol,
polyethylene glycol, and glycerol. These
internal-crosslinking agents may be used either alone
or in combinations with each other. Incidentally, when
at least one internal-crosslinking agent is used, it
is favorable in consideration of, for example, the
absorption properties of the resultant water-absorbent
resin that a compound with at least two polymerizable
unsaturated groups as an essential component is used
during the polymerization. The amount of the above
internal cross-linking agent is preferably in the
range of 0.005 to 2 mol %, more preferably0.0 1 to 1
mol %, still more preferably 0.05 to 0.2 mol %,
relative to the aforementioned monomer. In the case
where the amount of the above internal cross-linking
agent is smaller than 0.005 mol % or larger than 2 mol
%, there is a possibility that the desired absorption
properties may not be obtained. When the monomer
component is used in the form of its aqueous solution
in the case where reversed-phase suspension
polymerization or aqueous solution polymerization is
carried out in the polymerization step, the
concentration of the monomer component in this aqueous
solution (hereinafter referred to as "aqueous monomer
solution") is in the range of preferably 10 to 70 wt
%, more preferably 15 to 65 wt %, still more
preferably 30 to 55 wt %, in terms of the resulting
properties, although not especially limited. In
addition, when the above aqueous solution
polymerization or reversed-phase suspension
polymerization is carried out, a solvent other than
water may be used therewith in combination if
necessary, and the kind of this solvent as used in
combination is not especially limited. In carrying out
the polymerization, a water-soluble resin or a
water-absorbent resin of 0 to 50 wt %, for example,
preferably 0 to 20 wt %, as various foaming agents
(e.g. ca-rbonate, azo compounds, bubbles) ,
surfactants, chelating agents, and chain transfer
agents in amounts of 0 to 5 wt %,for example,
preferably 0 to 1 wt % can be added for improving the
properties of the water-absorbent resin. (7) (a) Step
of forming hydrogel crosslinked polymer (hereinafter
referred to as polymerization step (a)) In the step of
polymerizing the monomer component, 



from the viewpoint of the performance or the ease of
controlling the polymerization, aqueous solution
polymerization or reversed-phase suspension
polymerization is carried out in such a manner that
the above monomer component is used in the form of its
aqueous solution. These polymerization methods can be
carried out in an air atmosphere. The polymerization
methods are preferably carried out in an atmosphere of
an inert gas such as nitrogen or argon (e.g. 1% oxygen
or oxygen lower than 1%) . In addition, the monomer
component is used for polymerization preferably after
oxygen dissolved therein has sufficiently been
displaced with the inert gas (e.g. oxygen lower than l
ppm) . The present invention is particularly
preferable for the aqueous solution polymerization
which is of high productivity and gives high
properties but conventionally involves difficulty in
controlling the polymerization. Examples of
particularly preferable aqueous solution
polymerization include continuous belt polymerization
and continuous or batch kneader polymerization. The
reversed-phase suspension polymerization is
apolymerization method in which the aqueous monomer
solution is suspended into a hydrophobic organic
solvent, and examples thereof are disclosed in U.S.
patents such as U.S. Pat. No. 4,093,776, U.S. Pat. No.
4,367,323, U.S. Pat. No. 4,446,26 1, U.S. Pat. No .
4,683,274, and U.S. Pat. No. 5,244,735. The aqueous
solution polymerization is a polymerization method in
which the aqueous monomer solution is polymerized
without using any dispersion solvent, and examples
thereof are disclosed in U.S. patents such as U.S.
Pat. No. 4,625,00 1, U.S. Pat. No. 4,873,299, U.S.
Pat. No. 4,286,082, U.S. Pat. No. 4,973,632, U.S. Pat.
No. 4,985,5 18, U.S. Pat. No, 5,124,4 16, U.S. Pat. No
. 5,250,640, U.S. Pat. No. 5,264,495, U.S. Pat. No. 5,
145,906, and U.S. Pat. No. 5,380,808, and in European
patents such as EP 0811636, EP 0955086, and EP 09227
17. Monomers, cross-linking agents, polymerization
initiators, and other additives which are described in
the patent documents listed above are applicable to
the present invention. Furthermore, in the present
invention, on the occasion when the aforementioned
monomer component is polymerized, the total time
between the end of the preparation of the monomer
component and/ or neutralization of the acrylic acid
and the initiation of the polymerization is preferably
as short 



as possible in order to attain (i) the improved
absorption properties and (ii) the less colored
water-absorbent resin,both of which are the goals of
the present invention. Specifically, the
polymerization is initiated preferably within 24
hours, more preferably within 12 hours, still more
preferably within 3 hours, particularly preferably
within 1 hour, after the preparation of the monomer
component and/ or neutralization of the acrylic acid.
Industrially, the neutralization and/or the
preparation of the monomer component are carried out
in large quantities in tanks. Therefore it is usual
that the residence time exceeds 24 hours. However, it
has been discovered by the present inventors that the
longer time it is after the preparation of the monomer
component and/or neutralization of the acrylic acid,
the more the residual monomer content and the
coloration are deteriorated. Thus, to shorten the
residence time, the neutralization and the preparation
of the monomer component are continuously made to
carry out the polymerization batchwise or
continuously. Preferably, the polymerization is
carried out continuously. On the occasion when the
above aqueous monomer solution is polymerized, at
least one of the following polymerization initiators,
for example, can be used: persulfate salts such as
potassium persulfate, ammonium persulfate, and sodium
persulfate; and t-butyl hydroperoxide, hydrogen
per-oxide, 2,2'-azobis(2-amidinopropane)
dihydrochloride, 2-hydroxy- l-phenylpropan- l - one,
and benzoin methyl ether.Furthermore, a redox
initiator is also available by using the above
polymerization initiator jointly with a reducing agent
which promotes decomposition of the above
polymerization initiator and thus combining both with
each other. Examples of the above reducing agent
include: sulfurous acid (or (bi) sulfite) such as
sodium sulfite and sodium hydrogensulfite; L-ascorbic
acid (or its salts) ; reducible metals (or their
salts) such as ferrous salts; and amines; and
preferably used is a redox polymerization initiator
combining the reducing agent with the persulfate salt
and/ or the peroxide, but there is no particular
limitation thereto. The amount of the above
polymerization initiator or reducing agent as used is
usually in the range of preferably 0 .00 1 to 2 mol %,
more preferably 0.0 1 to 0 .5 mol %, relative to the
monomer component. Of these polymerization initiators,
preferably for attaining still lower colorability and
lower yellowing of the 



water-absorbent resin of the present invention, the
hydrogen peroxide and/ or the (hydrogen) sulfite, more
preferably the hydrogen peroxide, are used. Other
polymerization initiators, particularly the persulfate
or the azo compounds, may further be used in
combination with the hydrogen peroxide and/ or
(hydrogen) sulfite. The quantity of the hydrogen
peroxide and/ or the (hydrogen) sulfite as used Ls
preferably in the range of 0.0000 1 to 0. 1 g/ (mol of
monomers) , more preferably0.000 1 to 0.0 1 g/ (mol of
monomers), and further is smaller than that of the
above other polymerization initiators as used jointly
therewith. Incidentally, the azo compounds display a
good effect on a low coloring, but excessive use of
the persulfate brings about property deterioration
and/ or coloration. Therefore the persulfate are used
in combination preferably in the aforementioned range.
In addition, the polymerization reaction may be
carried out either by irradiating the reaction system
with active energy rays, such as radiations, electron
beams, and ultraviolet rays, instead of using the
above polymerization initiator, or by a combined use
of these active energy rays with the above
polymerization initiator. The reaction temperature and
time in the above polymerization reaction is not
particularly limited and may appropriately be set
according to factors such as the respective kinds of
the hydrophilic monomer and polymerization initiator
and the reaction temperature. However, the
polymerization is usually carried out at not higher
than the boiling point preferably within 3 hours, more
preferably within 1 hour, still more preferably within
0 .5 hour, and at a peak temperature of preferably not
higher than 150 C, more preferably in the range of 90
to 120 C. In addition, it is also preferable that
water and/ or acrylic acid as vaporized during the
polymerization is, if necessary,collected and then
recycled to the process for producing the
water-absorbent resin. In addition, the present
invention is fit for production, particularly,
continuous production, on a large scale of not smaller
than a certain quantity per line. There is a
possibility that the effects of the present invention
may not sufficiently be displayed in production on a
laboratory level or in production at pilot or
small-scale plants. However, as to production on a
large scale, particularly, of preferably not smaller
than 300 Kg/ hour, more preferably not smaller than
500 Kg/ hour, still more preferably not smaller than
700 



Kg/hour, in terms of production per line, it has been
discovered by the present inventors that, also from
the viewpoint of such as monomer stability and
polymerization rate, unless the present invention is
applied thereto, the desired water-absorbent resin
having sufficient properties is not obtained. (8) (b)
Step of drying hydrogel crosslinked polymer by
application of heat (hereinafter referred to as drying
step (b)) If necessary, the hydrogel crosslinked
polymer having been obtained in the polymerization
step (a) is disintegrated into small pieces with a gel
pulverizer or the like as needed. The disintegrated
resultant is dried under a particular temperature
condition. Thereafter, if necessary, the dried
resultant is pulverized or classified, and further
granulatedand crosslinked under a particular
temperature condition. The water-absorbent resin
according to the present invention has high
properties. Undergoing the foregoing steps realizes
the water-absorbent resin having further improved
properties and a reduced odor. In addition, in order
to attain the objects of the present invention, i.e.
the reduction of a residual monomer content and a less
colored water-absorbent resin, the time from the end
of the polymerization, through a gel-pulverizing step
if necessary, until the start of the drying is
preferably as short as possible. Specifically, the
hydrogel crosslinked polymer starts to be dried (is
placed into a dryer) preferably within 1 hour, more
preferably within 0.5 hour, still more preferably
within 0 .1 hour, after the polymerization is
completed. In addition, in order to attain the
reduction of a residual monomer content and a less
colored water-absorbent resin, the temperature of the
hydrogel crosslinked polymer is controlled to be
preferably in the range of 50 to 80 C, more preferably
60 to 70 C, for the duration between the end of the
polymerization and the start of the drying. On
industrial occasions, the polymerization is carried
out in large quantities, therefore it is also usual
that the residence time, after the polymerization,
exceeds 3 hours. However, it has been discovered by
the present inventors that as the time increases
before the start of the drying and/or as
thetemperature deviates from the above range, the
residual monomer content increases or a resultant
water-absorbent resin becomes remarkably colored.
Thus, preferably, continuous polymerization and
continuous drying are carried out to shorten the
residence time. 



In the present invention, the drying is primarily the
operation for removing water, and also for removing an
unpolymerizable organic compound having the solubility
parameter defined previously. The solid content of the
resin as determined from its weight loss caused by
drying (by heating Ig of powder or particles at 180 C
for 3 hours) is adjusted to be preferably not less
than 80 wt %, more preferably in the range of 85 to 99
wt %, still more preferably 90 to 98 wt %,
particularly preferably 92 to 97 wt %. In addition, a
drying temperature is not particularly limited, but is
preferably such that heating in the step (b) is
carried out at a temperature not lower than the
boiling temperature of the unpolymerizable organic
compound. Specifically, the drying temperature is
preferably in the range of 100 to 300 C, more
preferably 150 to 250 C (defined based on a
temperature of heating medium) . Examples of usable
drying methods include various methods such as:
heat-drying; hot-air drying; vacuum drying; infrared
drying; microwave drying; drum drier drying;
dehydration by azeotropy with hydrophobic organic
solvents;and high-moisture drying by high-temperature
steaming. The preferred drying method is the hot-air
drying with a gas having a dew point of preferably 40
to 100 C, more preferably 50 to 100 C, still more
preferably 60 to 90 C, in terms of properties of the
water-absorbent resin and efficiency in removal of the
unpolymerizable organic compound. (9)
Surface-crosslinking step (c) Next, a further
explanation is made about the surface-crosslinking in
the present invention. The "surface-crosslinking" of
the water-absorbent resin means further forming a
portion having high crosslinking density in surface
layers (neighborhoods of surfaces: neighborhoods
usually within several tens of mm from the surfaces)
of the water-absorbent resin having a uniformly
crosslinked structure inside the polymer. The
water-absorbent resin obtained in the present
invention has a low water-soluble component content
and a high absorption capacity, thus attaining
excellent surface-crosslinking effects thereon,
exerting more excellent properties and performances,
increasing its absorption capacity under pressure
(AAP) and liquid permeability under pressure (PPUP) ,
and reducing its odor. Various surface-crosslinking
agents are usable for 



carrying out the foregoing surface-crosslinking.
However, in terms of the properties, crosslinking
agents that can reactwith a carboxyl group are
generally used. Examples of such crosslinking agents
are: polyhydric alcohol compounds; epoxy compounds;
polyamine compounds or condensation products of
polyamine compounds and haloepoxy compounds; oxazoline
compounds; mono-, di-, or polyoxazolidinone compounds;
polyvalent metal salts; and alkylene carbonate
compounds. The surface-crosslinking agent as used in
the present invention is specifically exemplified in
such as U.S. Pat. No. 6,228,930, U.S . Pat. No. 6,07
1,976, and U.S. Pat. No. 6,254,990. Examples thereof
include: polyhydric alcohol compounds such as mono-,
di- , tri- , tetra-, or polyethylene glycol,
monopropylene glycol, 1,3-propanediol, dipropylene
glycol, 2,3,4-trimethyl- l ,3-pentanediol,
polypropylene glycol, glycerol, polyglycerol,
2-butene- l ,4-diol, 1,4-butanediol, 1,3-butanediol,
1,5-pentanediol, 1,6-hexanediol, and
1,2-cyclohexanedimethanol; epoxy compounds such as
ethylene glycol diglycidyl ether and glycidol;
polyamine compounds such as ethylenediamine,
diethylenetriamine, triethylenetetramine,
te.traethylenepentamine, pentaethylenehexamine,
polyethylenimine, and polyamidopolyamines; haloepoxy
compounds such as epichlorohydrin, epibromohydrin and
a-methylepichlorohydrin; condensation products between
the above polyamine compounds and the above haloepoxy
compounds; oxazolidinone compounds such
as2-oxazolidinone; and alkylene carbonate compounds
such as ethylene carbonate. However, there is no
particular limitation. Of these crosslinking agents,
at least the polyhydric alcohols are used preferably
for maximizing the effects of the present invention,
and polyhydric alcohols having 2 to 10 carbon atoms,
preferably 3 to 8 carbon atoms, are used. The quantity
of the surface-crosslinking agent as used depends upon
factors such as the types of the compounds used and
combinations thereof, but is preferably in the range
of 0.00 1 to 10 parts by weight, more preferably 0.0 1
to 5 parts by weight, relative to 100 parts by weight
of the solid content of the resin. In the present
invention, water is preferably used for the
surface-crosslinking. The quantity of water, as used
on this occasion, depends upon the water content of
the water-absorbent resin as used, but is usually in
the range of preferably 0 .5 to 20 parts by weight,
more preferably 0 .5 to 10 parts by weight, relative
to 100 parts by 



weight of the water-absorbent resin. In addition, in
the present invention, a hydrophilic organic solvent
may be used as an alternative to water. The quantity
of the hydrophilic organic solvent, as used on this
occasion, is usually in the range of preferably 0 to
10 parts by weight, more preferably 0 to 5 parts by
weight, still more preferably 0 to 3 parts by weight,
relative to 100 parts by weight of. the
water-absorbent resin. The temperature of the
crosslinking agent solution ispreferably set in the
range of 0 C to boiling point, more preferably 5 to 50
C, still more preferably 10 to 30 C, in terms of the
mixability and stability. In addition, before mixing
with crosslinking agent solution, the temperature of
the water-absorbent resin powder is preferably in the
range of 0 to 80 C, more preferably 40 to 70 C, in
terms of the mixability. Furthermore, in the present
invention, one preferred mixing method is a method
including the steps of premixing the
surface-crosslinking agent with water and/ or the
hydrophilic organic solvent, if necessary, and then
spraying or dropwise adding (preferably, spraying) the
resultant aqueous solution to the water-absorbent
resin to mix them together. The size of the liquid
droplets as sprayed averages preferably 1 to 300 mm,
more preferably 10 to 200 mm. In addition, in the
mixing step, there may be allowed to coexist
water-insoluble fine-particulate powder and/ or
surfactants within the range not damaging the effects
of the present invention, for example, within the
range of 0 to 10 wt %, preferably 0 to 5 wt %, more
preferably 0 to 1 wt %, relative to the
water-absorbent resin. The surfactants as used and
their quantities are exemplified in the International
publication WO2005JP 1689 (International filing date:
February 4, 2005) . A preferable mixing apparatus as
used for theaforementioned mixing step needs to be
able to generate great mixing power to ensure
homogeneous mixing. Various mixing machines are usable
in the present invention, but preferably they are
high-speed agitation type mixers, particularly
preferably, high-speed agitation type continuous
mixers. Examples of such mixers are Turbulizer
(product name; produced by Hosokawa Milkron Co. , Ltd.
of Japan) and Lddige Mixer (product name; produced by
Gebruder Lddige Maschinenbau GmbH of Germany) . After
mixing with the surface-crosslinking agent, the
resulting water-absorbent resin preferably is
subjected to the 



heating treatment. The above heating treatment is
preferably carried out under the conditions where the
heating temperature in the step (c) is not lower than
a boiling point of the unpolymerizable organic
compound (defined based on a temperature of heating
medium) . The heating temperature is preferably in the
range of 120 to 250 C, more preferably 150 to 250 C.
The heating time is preferably in the range of 1
minute to 2 hours. The heating treatment can be
carried out by using conventional dryers or
heating-furnaces. Examples of the dryers include
channel type blending dryers, rotary dryers, disk
dryers, fluidized-bed dryers, gas blowing type
(pneumatic type) dryers, and infrared dryers. In
addition, after being heated, the water-absorbent
r-esin may be cooled, if necessary.These
surface-crosslinking methods are also disclosed in:
various European patents such as European Patent Nos.
0349240, 0605 150, 0450923 , 08 12873 , 0450924, and
0668080; various Japanese patents such as Japanese
Unexamined Patent Publication Nos. 242709 / 1995
and224304 / 1995; various U.S. patents such as U.S.
Pat. Nos. 540977 1, 5597873, 5385983, 56 10220, 56333
16, 5674633, and 5462972; and various international
patent publications such as WO 99/ 42494, WO 99/
43720, and WO 99/ 42496 . These surface-crosslinking
methods are also applicable to the present invention.
(10 ) Properties and shape of the water-absorbent
resin The shape of the water-absorbent resin as
obtained in the present invention is not especially
limited, but examples thereof include: particulate or
powder form such as irregular pulverized form and
spherical form; and gel form, sheet form, rodlike
form, fibrous form, and film form. In addition, the
resin may be combined with or supported on materials
such as fibrous materials. However, generally, the
water-absorbent resin is preferably in particulate or
powder form, considering the uses for the
water-absorbent resin, such as absorbent articles and
gardening and tree planting. In the case where the
water-absorbent resin is in powder form, it may be
granulated particles or primary particles, and the
weight-average particle diameter thereof before or
after thesurface-crosslinking is usually in the range
of 10 to 2000 mm. In the present invention, the
granulated particles are also referred to as
agglomerate particles. In terms of the properties, the
weight-average particle diameter is preferably in the
range of 100 to 1000 mm, more preferably 200 to 600
mm, 



particularly preferably 300 to 500 mm. The quantity of
particles having particle diameters in the range of
850 to 150 mm is in the range of 90 to 100 wt %, in
the range of 95 to 100 wt %, particularly in the range
of 98 to 100 wt %. The water-absorbent resin produced
by the production process of the present invention and
the water-absorbent resin of the present invention
improve the relationship between absorption capacity
and water-soluble polymer, which are conflicting
properties of a water-absorbent resin. Thus, the
water-absorbent resin of the present invention can
have still higher properties by being subjected to
surface-crosslinking. More specifically, the
water-absorbent resin produced by the production
process of the present invention and the
water-absorbent resin according to the present
invention preferably has an absorption capacity of not
less than 15 g/ g, more preferably not less than 20
g/g, still more preferably not less than 23 g/ g, yet
more preferably 25 g/ g for a physiological saline
solution under pressure (4.8 kPa) . In addition, the
absorption capacity for a physiological salinesolution
under pressure (1.9 Pa) is also usually not less than
1 g/ g, preferably not less than 20 g/ g, more
preferably not less than 25 g/ g, still more
preferably 28 g/ g, particularly preferably not less
than 32 g/ g. The absorption capacity without pressure
(GVs) is also not less than 25 g/ g, more preferably
not less than 28 g/ g, particularly preferably not
less than 32 g/g. There are no particular upper limits
for the absorption capacity under pressure and the
absorption capacity without pressure. However, the
upper limits therefor are usually in the order of 60
g/ g, in terms of (i) balance with other properties
and (ii) costs. Furthermore, liquid-permeability under
pressure (PPUP) is preferably in the range of 20 to
100 %, more preferably 30 to 100 %, still more
preferably 40 to 100 %, most preferably 50 to 100 %.
Note that, the liquid permeability under pressure,
which is different from the absorption capacity under
pressure (AAP: 0.9 g ) , is a measure of the stability
of the absorption capacity under pressure (AAP)
(freedom from reduction in absorption capacity under
pressure) when the amount of water-absorbent resin
(the amount of resin per unit area in measurement) is
increased from 0.90 g to 5.0 g. The liquid
permeability under pressure is a new parameter defined
in the present invention. 



For example, the amount of water-absorbent resin (the
amount of resin per unit area in measurement) can vary
bysite even in the same diaper. Varied absorption
capacity under pressure (AAP) , which is caused by the
amount of water-absorbent resin varying by site in the
diaper, is the cause of degraded properties of the
diaper in actual use. When the liquid permeability
under pressure (PPUP) defined in Example as will be
hereinafter described is very high, the diaper can
stably exhibit high properties, regardless of the
amount (concentration) of water-absorbent resin in the
diaper, and can also exhibit a high liquid
permeability. Details of the liquid permeability under
pressure (PPUP) is described in Japanese Patent
Application No. 109779 / 2005 (filed on April 6, 2005)
and the descriptions of Japanese Patent Application
No. 109779 / 2005 are also applied to the present
invention. The water-soluble component content of the
water-absorbent resin obtained in the production
process of the present invention is preferably not
more than 25 wt %, more preferably not more than 15 wt
%, still more preferably 10 wt %. Further, a GEX value
(defined in Example) defined according to the
relationship between absorption capacity (GVs) and a
soluble content is preferably not less than 17, more
preferably not less than 18, particularly preferably
not less than 19. In addition, a s is specified in the
below-mentioned description of examples of some
preferred embodiments of the present invention and in
the aforementioned object of thepresent invention, the
water-absorbent resin produced by the production
process of the present invention and the
water-absorbent resin of the present invention are
less colored (little or no yellowing coloration) , and
have a low residual monomer content. Specifically, its
colored state indicates a YI value (Yellow Index, see
European Patent Nos. 09420 14 and 1108745) preferably
in the range of 0 to 15, more preferably 0 to 13,
still more preferably 0 to 10, most preferably 0 to 5,
so there is almost no tinge of yellow. Furthermore,
the residual monomer content is low and preferably in
the range of 0 to 400 ppm by weight, more preferably 0
to 300 ppm by weight. In order to cause the
water-absorbent resin produced by the production
process of the present invention and the
water-absorbent resin of the present invention to have
various functions, materials such as chelating agents,
oxidizers, reducing agents such as (hydrogen)sulfite,
chelating agents 



such as amino carboxylic acid, water-insoluble
inorganic powder or water-insoluble organic powder,
deodorizers, antimicrobial agents, and polymer
polyamine, in a quantity of 0 to 10 parts by weight,
preferably 0 to 1 parts by weight. The water-absorbent
resin produced by undergoing the drying step (b) and
the surface-crosslinking step (c) is finally
controlled such that a content of a unp lymerizable
organic compound having the above-specified solubility
parameter isnot more than 10 ppm by weight. In terms
of cost effectiveness and absorption properties of the
water-absorbent resin, the water-absorbent resin has a
unpolymerizable organic compound content of preferably
not less than 0.0 1 ppm by weight, more preferably not
less than 0.0 1 ppm by weight and not more than 5 ppm
by weight, particularly preferably not less than 0 .01
ppm by weight and not more than 1 ppm by weight. If
the water-absorbent resin has the unpolymerizable
organic compound content of more than 10 ppm by
weight, it raises the problem that products from such
a water-absorbent resin have unpleasant odor. On the
other hand, the water-absorbent resin in which the
unpolymerizable organic compound content is adjusted
to less than 0.0 1 wt % is not preferred because such
a water-absorbent resin might exhibit low absorption
properties by passing excess heat treatments in the
drying step and the surface-crosslinking step.
Further, the water-absorbent resin includes has an
iron content of not less than 0.0 1 ppm by weight and
not more than 1 ppm by weight, preferably not less
than 0.0 1 ppm by weight and not more than 0.5 ppm by
weight. Because of this, when such a water-absorbent
resin is applied to absorbent articles, e.g.
disposable diapers, the absorbent articles offer an-
excellent balance of stable absorption -properties in
its use and easy-degradation after the disposal of
used absorbentarticles. The water-absorbent resin
having an iron content of less than 0.0 1 ppm by
weight is not preferred because the absorbent articles
produced from such a water-absorbent resin become hard
to be degraded after their use. Further, the
water-absorbent resin having an iron content of more
than 1 ppm by weight is not preferred because such a
water-absorbent resin causes the degradation of the
absorbent articles, e.g. disposable diapers, in use .
(11) Uses of the water-absorbent resin according to
the present invention 



The process according to the present invention
provides the easy production of a water-absorbent
resin having good absorption properties in excellent
balance between the absorption capacity without
pressure (= GVs = Gel Volume in saline = Centrifuge
retention capacity) , the absorption capacity under
pressure (AAP), and the soluble content. The resulting
water-absorbent resin is widely used for various
purposes such as agricultural and horticultural
water-retaining agents, industrial water-retaining
agents, humidity-absorbing agents, dehumidifying
agents, and building materials, but the
water-absorbent resin according to the present
invention is particularly preferably used for sanitary
materials such as disposable diapers, incontinent
pads, mother's breast pads (nursing pads) , and
sanitarynapkins. Furthermore, the water-absorbent
resin according to the present invention is so
excellent with regard to the above properties being in
good balance that the water-absorbent resin can be
used in the sanitary materials (e.g. disposable
diapers) in high concentrations where the
water-absorbent resin concentration (weight ratio of
the water-absorbent resin to the total weight of the
water-absorbent resin and fibrous materials) , is
preferably 30 to 100 wt %, more preferably 40 to 100
wt %, still more preferably 50 to 95 wt %. [Examples]
Hereinafter, the present invention will be described
according to Examples below. However, the present
invention is not limited to the descriptions of
Example. In addition, the properties, as recited in
the claims of the present invention and in Examples of
the present invention, were determined by the
following measurement methods. (1) Absorption capacity
without pressure (= GVs = Gel Volume in saline =
Centrifuge retention capacity) 0.2 g of
water-absorbent resin was uniformly placed into a bag
(60 mm 60 mm) made of nonwoven fabric. The bag was
sealed and then immersed into 100 g of a 0.9 wt %
aqueous sodium chloride solution (physiological saline
solution) of which the temperature had been adjusted
to 25 (3) C. After 60 minutes, the bag was pulled up
and thendrained of water by a centrifugal force of 250
G with a centrifugal separator for 3 minutes, and then
the weight Wl of the bag was measured. In addition,
the same procedure as the above was carried out
without the water-absorbent resin, and the resultant
weight W2 was measured. Then, the 



absorption capacity was calculated from these Wl and
W2 according to the following equation (1) : GVs = (W
l - W2) / 0.2 - 1 ... (Equation 1). (2) Water-soluble
polymer content (which may be also referred to as
"soluble component content") Into a plastic receptacle
of 250 ml in capacity having a lid, 184.3 g of 0.90 wt
% aqueous sodium chloride solution was weighed out.
Then, 1.00 g of water-absorbent resin was added to
this aqueous solution, and they were stirred for 16
hours, thereby soluble components were extracted from
the resin. The resultant extract liquid was filtrated
with a filter paper (produced by ADVANTEC Toyo Co. ,
Ltd. , trade name: (JIS P 380 1, No. 2 ), thickness:
0.26 mm, diameter of captured particles: 5 mm), and
then 50.0 g of the resultant filtrate was weighed out
and used as a measuring solution. To begin with, only
the physiological saline solution was firstly titrated
with an aqueous 0.1N NaOH solution until the pH
reached 10, and then the resultant solution was
titrated with an aqueous 0. 1N HCl solution until the
pH reached 2.7, thus obtaining blank titration amounts
([bNaOH] ml and[bHCl] ml) . The same titration
procedure was carried out also for the measuring
solution, thus obtaining titration amounts ([NaOH] ml
and [HCl] ml) . For example, if the water-absorbent
resin comprised acrylic acid and its sodium salt in
known amounts, the soluble component content (content
of an extracted water-soluble polymer as a main
component) of the water-absorbent resin was calculated
from the average molecular weight of the monomers and
the titration amounts, as obtained from the above
procedures, in accordance with the following equation
(2) . In the case of unknown amounts, the average
molecular weight of the monomers was calculated from
the neutralization ratio as determined by the
titration. Soluble component content (wt %) = 0 . 1
(average molecular weight) x 184.3 100 ([HCl] [bHCl])
/ 1000/ 1.0/ 50.0 ... (Equation 2 ). Neutralization
ratio (mol %) = [1 - ([NaOH] - [bNaOH]) / ([HCl] -
[bHCl])] 100 ... (Equation 3 ). (3) GEX value
Normally, the higher the absorption capacity (GVs) ,
the higher the water-soluble component content. Thus,
important for a water-absorbent resin is the
relationship between a GVs value and a water-soluble
component content (x), which are conflicting
properties of the water-absorbent resin. The GEX 



value is a measure for evaluating the above
relationship in the case when x exceeds 1 weight %.
The higher the GEXvalue, the higher the performance.
When the GVs value and the soluble component content
are denoted by y (g/ g ) and x (weight %) ,
respectively, the GEX value is defined by the
following equation 4: GEX value = (y) / ln(x) ...
(equation 4 ). Note that, as to the GVs value y (g/ g)
and the soluble component content (wt %) required for
the calculation of the GEX value, the values obtained
in Sections (1) and (2) above are used. (4) Residual
monomer content The residual monomer (acrylic acid and
its salt) content of the water-absorbent resin powder,
after drying, was determined in the following way. In
Section (2) above, a filtrate, a s separately prepared
after stirring for two hours, was UV-analyzed by
liquid chromatography to also analyze the residual
monomer content ppm (relative to water-absorbent
resin) of the water-absorbent resin. In addition, the
residual monomer content of the hydrogel crosslinked
polymer, before drying, was determined by: stirring a
finely disintegrated hydrogel crosslinked polymer of
about 500 mg in solid resin content for 16 hours; and
then UV-analyzing its filtrate by liquid
chromatography likewise; and then correcting the solid
content. (5) Absorption capacity under pressure (AAP)
Absorption capacity for 0.9 wt % aqueous
sodiumchloride solution under pressure of 4.8 kPa
(AAP: 0.90g/Absorbency Against Pressure) A stainless
metal gauze, which was a screen of 400 meshes (mesh
opening size: 38 mm), was fused to a bottom of a
plastic supporting cylinder having an inner diameter
of 60 mm. Then, onto the above metal gauze, there was
uniformly spread 0.900 g of water-absorbent resin
(particulate water-absorbing agent) , and further
thereon, there were mounted a piston (cover plate),
wherein the piston had an outer diameter of only a
little smaller than 60 mm and made no gap with the
inner wall surface of the supporting cylinder, but was
not hindered from moving up and down. Then, the weight
W3 (g) , i.e. total weight of the supporting cylinder,
the water-absorbent resin (or particulate
water-absorbing agent) , and the piston was measured.
Onto this piston, a load was placed on the piston,
wherein the load was adjusted so that a load of 4.9
kPa including the weight of the piston could 



uniformly be applied to the water-absorbent resin (or
particulate water-absorbing agent) . This completed
one set of measurement apparatus. A glass filter
having a diameter of 90 mm and a thickness of 5mm was
mounted inside a Petri dish having a diameter of 150
mm, and then a physiological saline solution of which
the temperature was adjusted to 252 C was added up to
the same level as the upside of the glass filter, on
which a filter paper (produced by Toyo Roshi Kaisha,
Ltd. ; No. 2) having a diameter of 9 cm was then
mounted sothat its entire surface would be wetted, and
further, an excess of liquid was removed. The one set
of measurement apparatus was mounted on the above wet
filter paper, thereby getting the liquid absorbed
under the load. The liquid level was topped off by
adding the liquid from the upper side of the glass
filter, so that the liquid was kept at a constant
liquid level. After 1 hour, the one set of measurement
apparatus was lifted to remove the load, and weight W4
(g) (total weight of the supporting cylinder, a
swelling water-absorbent resin (or particulate
water-absorbing agent) , and the piston) was measured.
Then, the absorption capacity under pressure (g/ g)
was calculated from the W3 and W4 in accordance with
the following equation: Absorption Capacity under
Pressure (AAP: 0.90 g ) (g/ g) = (Weight W4 (g) -
Weight W3 (g)) / weight (g) of water-absorbent resin
(or particulate water-absorbing agent) . The load of
4.9 kPa (0.9Og of water-absorbent resin) is also
referred to as AAP 4.9 kPa. If the load is changed to
1.9 kPa, the load 1.9 kPa is referred to as AAP l
.9kPa. (6) Liquid permeability under pressure (PPUP/
Permeability Potential Under Pressure) In the
measurement of the (5) absorption capacity under
pressure (AAP: 0.09 g ) under 4 .9kPa, the same
procedure a s above was carried out except that the
amount ofwater-absorbent resin is changed from 0.900 g
to 5.000 g, in order to obtain a value of the
absorption capacity under pressure (AAP: 5.0 g ) . In
this procedure, a high absorption capacity under
pressure (AAP: 5.0 g ) can possibly cause an extremely
high layer of a swollen water-absorbent resin (or
particulate water-absorbing agent) . In view of this,
the supporting cylinder as used needs to be of a
sufficient height. By using the absorption capacities
under pressure (AAP: 0.90 g and AAP: 5.0 g ) as
obtained in the above procedure, a liquid permeability
under pressure (PPUP) is obtained by the 



following equation: Liquid permeability under pressure
(PPUP) (%) = (AAP: 5.0 g (g/ g) / AAP: 0.90 g (g/ g))
x 100. (7) Peak time and induction time: The
temperature of the monomer or of the resultant polymer
gel during the polymerization was measured with a
thermometer. Assume that the time (minutes) between
the addition of an initiator and the rise in
temperature of the monomer or of the resultant polymer
gel is defined as an induction time, and the time
between the addition of an initiator and the reach to
the maximum temperature (peak temperature) of the
polymerization system is defined a s a peak time. (8)
Weight-average particle diameter .(D50) : The
water-absorbent resin powder or water-absorbingagent
was classified by sieving with JIS standard sieves
(JIS Z880 1- l (2000) or the like sieves) having mesh
opening sizes of such as 850 mm, 7 10 mm, 600 mm, 500
mm, 425 mm, 300 mm, 2 12 mm, 150 mm, 106 mm, and 75
mm, and then the percentages of the residues on these
sieves were plotted on a logarithmic probability
paper. Therefrom, the weight-average particle diameter
(D50) was read. The classification was carried out as
follows. Under conditions of a room temperature (20 to
25 C) and a relative humidity of 505% RH, 10 g of
water-absorbent resin powder or water-absorbing agent
was placed onto the JIS standard sieves (THE IIDA
TESTING SIEVE: internal diameter = 80 mm) , and then
classified with a sieve shaker (sieve shaker produced
by IIDA SEISAKUSHO; Type: ES-65) for 10 minutes. The
weight-average particle diameter (D50) is, a s
described in U.S. Patent No. 505 1259 and other
publications, a size of a particular mesh opening of a
standard sieve capable of causing 50 wt % particles
relative to the entire particles to pass through it.
(9) Coloration evaluation of water-absorbent resin (YI
value) This was carried out in accordance with
European Patent Nos. 9420 14 and 1108745 .
Specifically, the coloration evaluation of the
water-absorbent resin -powder was carried out in the
following way using a spectroscopic color
differencemeter (SZ-S80 COLOR MEASURING SYSTEM,
produced by Nippon Denshoku Kogyo Co. , Ltd.) . About
6 g of the water-absorbent resin was filled into the
below-mentioned powder-paste sample stand (filling of
about 60 % of this 



sample stand) to measure the surface color (YI value
(Yellow Index)) of the water-absorbent resin using the
above spectroscopic color difference meter under its
set conditions (reflection measurement/ appendix
powder-paste sample stand (inner diameter: 30 mm) /
standard round white board No. 2/ 30 mm F projector
pipe for powder-paste as the standard) under
conditions of a room temperature (20 to 25 C) and a
relative humidity of 50 RH%. In addition, color
difference (L, a , b ) or WB (Hunter Color) which is
another yardstick is also measurable at the same time
by the same method with the same apparatus as the
above. The larger L/WB and the smaller a/ b indicate
that dye coloring is lower and that the color is
nearer to being substantially white. (10 ) Odor
evaluation A sample was prepared by the following
manner: 2 g of water-absorbent resin particles are
sprayed in a polypropylene cup having an internal
diameter of 55 mm and a height of 70 mm, and 50 g of
ion-exchanged water was poured into the cup so that
the water-absorbent resin particles were gelled. After
the gelation, the gelledwater-absorbent resin
particles were sealed hermetically and heated at 30 C
for 1 hour. Thereafter, the odor of the gelled
water-absorbent resin particles was evaluated by 10
adult test subjects. As to a polymer gel, the odor of
the polymer gel was evaluated with the polymer gel
itself directly placed into the polypropylene cup,
without being mixed with ion-exchanged water. The
evaluation was determined in the following manner:
Evaluation values, which indicate the degree of odor,
were given in five levels from "no odor" (0 point) to
"strong odor" (5 point) . From the evaluation values
reported by the 10 adult test subjects, the average
evaluation value was determined to obtain an odor
point. The odor point low in number indicates less
odors. [Production Example 1] Commercially available
acrylic acid (special-grade reagent available from
Wako Pure Chemical Industries, Ltd. ; p-methoxyphenol
content=200 ppm by weight) , as obtained by catalytic
gas phase oxidation, was supplied into the column
bottom of a high-boiling-point-impurities-separating
column having fifty dual-flow perforated plates, and
then distilled in a reflux ratio of 1 and then further
re-distilled, thus 



obtaining an acrylic acid composition (1) (also
referred to as purified acrylic acid) comprising
acrylic acid at a concentration of not less than 99 %
and trace amounts ofimpurities (mainly, water) . In
the acrylic acid composition (1) , a p-methoxyphenol
content was ND (less than 1 ppm by weight) . Also, a
protoanemonin content, a furfural content, a
b-hydroxypropionic acid content, and an acrylic acid
dimmer content were each ND (less than 1 ppm by
weight) . In the acrylic acid composition (1), a
phenothiazine content was 0 ppm by weight, an aldehyde
content was not more than 1 ppm by weight, a maleic
acid content was not more than l ppm by weight, an
acetic acid was 200 ppm by weight, and propionic acid
content was 200 ppm by weight. [Production Examples 2
through 5 ) Acrylic acid compositions (2) through (5)
having their respective predetermined toluene contents
were obtained by adding toluene, in quantities of 10
ppm by weight, 100 ppm by weight, 1000 ppm by weight,
and 10000 ppm by weight, respectively (relative to
solid content of acrylic acid) , to the acrylic acid
composition (1) as obtained in Production Example 1.
[Production Examples 6 through 8 ] Acrylic acid
compositions (6) through (8) having their respective
predetermined diphenyl ether contents were obtained by
adding diphenyl ether, in quantities of 10 ppm by
weight, 1000 ppm by weight, and 10000 ppm by weight,
respectively (relative to solid content of acrylic
acid) , to theacrylic acid composition (1) as obtained
in Production Example 1. [Production Example 9 ] A 5
liter- five-necked flask of 5 liters in capacity, as
equipped with two dropping funnels, a pH meter, a
thermometer, and stirring blades, was charged with
1598 g of ion-exchanged water. In addition,
separately, 1280 g of the acrylic acid composition (1)
(consisting substantially of acrylic acid) at room
temperature and 1488 g of 48 wt % aqueous sodium
hydroxide solution (Fe content is 0 .5 ppm by weight
in terms of Fe2U3) at room temperature were placed
into the two dropping funnels respectively, and the
5-litter flask was immersed into a water-cooling bath.
Next, while the temperature of the neutralization
reaction system in the 5-liter flask was maintained at
a temperature of not higher than 35 C. under stirred
conditions, the 48 wt % aqueous 



sodium hydroxide solution and the acrylic acid
composition (1) were dropwise added into the flask at
the same time as each other. The dropwise addition of
the acrylic acid composition (1) was completed in
about 35 minutes, and the dropwise addition of the 48
wt % aqueous sodium hydroxide solution was completed
in about 45 minutes. After the completion of the
dropwise addition of the acrylic acid composition (1),
its dropping funnel was washed with 100 g of
ion-exchanged water, and all the used washing water
wasthen added into the flask. Furthermore, after the
completion of the dropwise addition of the 48 wt %
aqueous sodium hydroxide solution, its dropping funnel
was similarly washed with 100 g of ion-exchanged
water, and all the used washing water was then added
into the flask. After the completion of all the
dropwise additions, the temperature of the resultant
solution was adjusted into the range of 20 to 35 C to
age the reaction mixture for 20 minutes. After this
aging, an extremely small quantity of the acrylic acid
composition (1) was dropwise added to adjust the pH to
10 (0. 1), thus obtaining an aqueous sodium acrylate
solution (1) having a concentration of 37 wt % and a
neutralization ratio of 100 mol %. [Production
Examples 10 through 16 ] Aqueous sodium acrylate
solutions (2) through (8) were obtained as in the
production of the aqueous sodium acrylate solution
(1), except that the acrylic acid composition (1) as
used for the neutralization was replaced with the
acrylic acid compositions (2) through (8) .
[Production Example 17] An acrylic acid composition
(9) was obtained by adding diphenyl of 100 ppm by
weight to the acrylic acid composition (1) as obtained
in the Production Example 1. [Production Example 18 ]
An acrylic acid composition (10) was obtained by
addingethyl alcohol of 1000 ppm by weight to the
acrylic acid composition (1) as obtained in the
Production Example 1. [Production Example 19 ] Aqueous
sodium acrylate solutions (9) and (10 ) were obtained
as in the production of the aqueous sodium acrylate
solution (1) , but the acrylic acid composition (1) as
used for the neutralization was replaced with the
acrylic acid compositions (9) and (10 ). [Production
Example 20] An aqueous sodium acrylate solution (11)
was obtained 



as in Production Example 9, but 48% of sodium
hydroxide (having a Fe content of 1000 ppm by weight)
was used. [Example 1] A jacketed stainless-steel
twin-arm kneader of 10 liters in capacity with its
internal surface coated with Teflon(r) was prepared as
a polymerization container. This kneader is equipped
with two sigma type blades of 120 mm in rotational
diameter and a lid for sealing up the inside of the
system. An aqueous monomer solution (1) having a
monomer concentration of 37 wt % and a neutralization
ratio of 75 mol % was obtained by mixing together
376.3 g of the acrylic acid composition (2) as
obtained in Production Example 2, 3983 g of the
aqueous sodium acrylate solution (2) , i.e. a
neutralized product of the acrylic acid composition
(2) , and 640. 7 g of ion-exchanged water, and 0.10
mol % ofpolyethylene glycol diacrylate
(molar-number-average degree "n" of addition
polymerization of ethylene oxide=8 .2 ) as an
internal-crosslinking agent of 0.10 mol % (to the
entire monomers) . Furthermore, while being kept at 22
C, this aqueous monomer solution (2) was charged into
the sigma type twin-arm kneader, and then nitrogen gas
was introduced into the solution to deaerate the
solution with nitrogen gas to reduce its dissolved
oxygen content to not more than 1 ppm. Next, while
warm water was passed through the jacket and while the
aqueous monomer solution (1) was stirred, a
polymerization initiator, comprising a combination of
an aqueous solution of sodium persulfate (in an amount
of 0 .09 g/ mol) with an aqueous solution of
L-ascorbic acid (in an amount of 0 .005 g/ mol) , was
added to the aqueous monomer solution (1) to initiate
polymerization. After a certain time, the
polymerization started and then was allowed to proceed
while the resultant polymer gel was disintegrated into
fine pieces, and then, after having reached the peak
temperature, the polymerization was continued for
another 20 minutes, thus obtaining a
finely-disintegrated hydrogel crosslinked polymer (1)
having diameters in the range of about 1 to about 2
mm. The resultant hydrogel polymer (1). was spread
onto a metal gauze of 850 mm and then hot-wind-dried
at 180 C(dew point: 70 C) for 90 minutes. Next, the
resultant dried product was pulverized with a
vibration mill, and further then classified with a JIS
standard sieve of 850 mm, thus obtaining a
water-absorbent resin powder (1). 



[Examples 2 through 5 ] A water-absorbent resin powder
(2) was obtained as in Example 1, but the acrylic acid
composition (3) and the aqueous sodium acrylate
solution (3) were used instead of the acrylic acid
composition (2) and the aqueous sodium acrylate
solution (2) , respectively. Similarly, a
water-absorbent resin powder (3) was obtained as in
Example 1, but the acrylic acid composition (4) and
the aqueous sodium acrylate solution (4) were used
instead of the acrylic acid composition (2) and the
aqueous sodium acrylate solution (2) , respectively. A
water-absorbent resin powder (4) was obtained as in
Example 1, but the acrylic acid composition (6) and
the aqueous sodium acrylate solution (6) were used
instead of the acrylic acid composition (2) and the
aqueous sodium acrylate solution (2) , respectively. A
water-absorbent resin powder (5) was obtained as in
Example 1, but the acrylic acid composition (7) and
the aqueous sodium acrylate solution (7) were used
instead of the acrylic acid composition (2) and the
aqueous sodium acrylate solution (2) , respectively.
[Comparative Examples 1 through 3]- A comparative
water-absorbent resin powder (1) wasobtained as in
Example 1, but the acrylic acid composition (1) and
the aqueous sodium acrylate solution (1) were used. A
comparative water-absorbent resin powder (2) was
obtained as in Example 1, but the acrylic acid
composition (5) and the aqueous sodium acrylate
solution (5) were used. A comparative water-absorbent
resin powder (3) was obtained as in Example 1, but the
acrylic acid composition (8) and the aqueous sodium
acrylate solution (8) were used. [Example 6 ] 100
parts by weight of the water-absorbent resin powder
(1) was spraywise mixed with a surface-crosslinking
agent comprising 0.4 parts by weight of
1,4-butanediol, 0.6 parts by weight of propylene
glycol, 3.0 parts by weight of ion-exchanged water,
and 0.5 parts by weight of isopropanol, and the
resultant mixture was heat-treated at 2 10 C for 40
minutes, thus obtaining a surface-crosslinked
water-absorbent resin powder (6) . The water-absorbent
resin powder (6) had the following properties: GVs =
34 g/ g; AAP4.9kPa = 25 g/ g; and PPUP = 50 %.
[Example 7 ] A water-absorbent resin powder (7) was
obtained as in Example 1, but the acrylic acid
composition (9) and the 



aqueous sodium acrylate solution (9) were used instead
of the acrylic acid composition (2) and the aqueous
sodium acrylate solution (2) , respectively.[Example 8
] A water-absorbent resin powder (8) was obtained as
in Example 6, but the water-absorbent resin powder (2)
was used instead of the water-absorbent resin powder
(1). The water-absorbent resin powder (8) had the
following properties: GVs = 33 g/ g; AAP l .9kPa = 29
g/ g; AAP4 .9kPa = 27 g/ g; and PPUP = 54 %. [Example
9 ] A water-absorbent resin powder (9) was obtained as
in Example 6, but the water-absorbent resin powder (7)
was used instead of the water-absorbent resin powder
(1). The water-absorbent resin powder (9) had the
following properties: GVs = 32 g/ g; AAP l .9kPa = 28
g/g; AAP4 .9kPa = 25 g/ g; and PPUP = 52 %.
[Comparative Example 4 ] A comparative water-absorbent
resin powder (4) was obtained as in Example 1, but the
acrylic acid composition (10 ) and the aqueous sodium
acrylate solution (10 ) were used instead of the
acrylic acid composition (2) and the aqueous sodium
acrylate solution (2), respectively. [Comparative
Example 5 ] A comparative water-absorbent resin powder
(5) was obtained as in Example 1, but the aqueous
sodium acrylate solution (11) were used instead of the
aqueous sodium acrylate solution (1).[Comparative
Example 6 ] A water-absorbent resin powder (6) was
obtained as in Example 6, but the comparative
water-absorbent resin powder (4) was used instead of
the water-absorbent resin powder (1) . The comparative
water-absorbent resin powder (6) had the following
properties: GVs = 38 g/ g; AAPl .9kPa = 18 g/ g;
AAP4.9kPa = 9 g/ g; and PPUP = 33 %. (Analysis results
of water-absorbent resins) Table 1 Table 1 shows
analysis results for the water-absorbent resin powders
(1) through (5) and the comparative water-absorbent
resin powders (1) through (5) . As shown in Table 1,
compared to Comparative Example 1 in which a
particular unpolymerizable organic compound is not
used, Examples 1 through 5 and Example 7 in which a
particular unpolymerizable organic compound is used,
realize mildly controlled polymerization peak
temperature, the 



shortening of the induction time, the improvement of
absorption capacity (GVs) , the improvement of the GEX
value that indicates the relationship between
absorption capacity (GVs) and water-soluble polymer,
and a water-absorbent resin with no odor, and
reduction in coloration (YI) of a water-absorbent
resin. Further, the process of the present invention
(Examples 1 through 5 and Example 7) does not have the
problem of odor, unlike Comparative Examples 2 and 3
.DESCRIPTION RECORDING METHOD AND PRINTED MATTER
TECHNICAL FIELD The invention relates to a recording
method which records imaging information into a
recording medium using an ink jet recording method and
printed matter. BACKGROUND ART Conventionally, as an
image forming apparatus such as a printer, a
facsimile, a copying machine, and a plotter, for
example, there is an ink jet recording apparatus which
forms images by ink. In such an ink jet recording
apparatus, ink-repellent film is formed on a surface
of the ink ejection side of an ink jet head because
the image formation is performed by ejecting inks from
a nozzle member. Concerning such an ink jet head, in
patent document 1 , a processing method for forming an
ink-repellent thin film by plasma polymerization with
silicone oil is described and a nozzle plate of the
ink jet head having the ink-repellent thin film
thereof is described. Also, in the invention of the
patent document 2 , after an ink-repellent film which
is polymerized in fluoric resin or which is
polymerized in silicone resin is formed,
theink-repellent film is heat-treated under an inert
atmosphere excluding oxygen and water, and liquid raw
materials included in the ink-repellent film are
vaporized so that the inkrepellent film becomes rigid.
Patent Document 1 : JP 2003-72085, A Patent Document 2
: JP 2003-72086, A DISCLOSURE OF THE INVENTION
However, in the above patent documents 1 and 2 , it is
not considered that the shape of an edge portion of
the nozzle hole circumference (a neighborhood of an
edge for an opening portion) of the ink-repellent film
be optimized. That is, in general, the nozzle hole
portion is masked and a water-repellent layer is
formed, or after forming 



the water-repellent layer on the nozzle plate surface,
the water-repellent layer for the nozzle hole portion
is removed. In such cases, as shown in figure 8 (a) ,
the ink-repellent film of an edge portion of the
nozzle hole circumference has a shape such that as the
cross-sectional area on a plane which is perpendicular
to the centerline of the opening portion is separated
from the nozzle plate, it becomes smaller, and is made
into a shape having a peaked and sharpened edge (a
peaked portion) . There is a possibility of
exfoliating the inkrepellent film of the edge portion
because a wiper contactsthe edge portion as shown in
figure 8 (b) when the nozzle surface having a shape
shown in figure 8 (a) is wiped with the wiper 7 formed
by a material like rubber. Also, as shown in figure 8
(c) , it is possible that a meniscus P be formed in a
boundary region between the inkrepellent film 1 and
the nozzle plate 2 , and a meniscus Q be formed in a
prong portion of the ink-repellent film 1 at the time
of supplying of ink. Because of this, unevenness may
occur in the jet stability of ink. In addition, on the
basis of a relationship between ink and a recording
medium used for recording, a recording method is
disclosed to utilize the recording performance of such
an ink jet head to the maximum. Therefore, it is a
general object of the present invention to provide a
recording method, in which an opening portion
neighborhood from an opening portion edge of the
inkrepellent film formed on a surface (nozzle plate)
of the ink jet head base material is a shape that is
hard to be exfoliated by wiping and the method is able
to utilize the recording performance of the ink jet
head to the maximum by using the ink jet head formed
in a superior shape having the jet stability. In order
to achieve the above-mentioned object, there is
provided according to one aspect of the present
invention the recording method with the ink ejected by
the inkjet head, in which an ink repellent layer is
formed on a surface of a base material of an ink jet
head where an opening portion for liquid ejections is
established, and the ink jet head is formed such that
as the cross-sectional area for the opening portion
neighborhood of the ink repellent layer in a plane
which is perpendicular to the centerline of the
opening portion grows big sequentially as it is
separating from the surface of the base material
nozzle plate; 



wherein the amount of the ink transferred onto the
recording medium at a contact time of 100 ms measured
by a dynamic scanning absorptometer with environmental
conditions of temperature 23 0C and relative humidity
50% RH is between 4 and 15 ml/m2, and the amount of
the ink transferred onto the recording medium at a
contact time of 400 ms measured by the dynamic
scanning absorptometer with environmental conditions
of temperature 23 0C and relative humidity 50% RH is
between 7 and 20 ml/m2. Here, it is preferable that
the amount of pure water transferred onto the
recording medium at a contact time of 100 ms measured
by the dynamic scanning absorptometer with
environmental conditions of 23 0C and 50% RH be
between 4 and 26 ml/m 2, and the amount of the pure
water transferred onto the recording medium at a
contact time of 400 ms measured by the dynamic
scanning absorptometer with environmental conditions
of 23 0C and 50% RH is between 5 and 29 ml/m2.It is
preferable that the recording medium be composed of a
support material and at least one coating layer on a
surface of the support material. It is preferable that
the recording medium be composed of at least the
support material and the coating layer, where the
solid content of the coating layer is between 0.5 and
20 g/m2 . It is preferable that the grammage of the
recording medium be between 50 and 250 g/m2 . It is
preferable that the recording medium be
supercalendered. It is preferable that the recording
medium contain kaolin as a pigment. The recording
medium may contain heavy calcium carbonate as a
pigment. It is preferable that the recording medium
contain a water-based resin. It is preferable that the
water-based resin be a water-soluble resin or a
water-dispersible resin. It is preferable that the ink
contain at least water, a colorant, and a humectant.
It is preferable that the surface tension of the ink
at a temperature of 25 0C be between 15 and 40 mN/m.
It is preferable that the ink contain a dispersible
colorant where the average particle diameter of the
dispersible colorant is between 0.01 and 0.16 mm . It
is preferable that the viscosity of the ink at
atemperature of 25 0C be between 1 and 30 mPa  sec. It
is preferable that the ink contain a fluorinated 



surfactant . In order to achieve the above-mentioned
object, there is provided according to another aspect
of the present invention printed matter recorded in a
recording medium with ink ejected by an ink jet head,
in which an ink repellent layer is formed on a surface
of a base material of an ink jet head where an opening
portion for liquid ejections is established, the ink
jet head being formed such that as the cross-sectional
area for the opening portion neighborhood of the ink
repellent layer in a plane which is perpendicular to
the centerline of the opening portion grows big
sequentially as separating from the surface of the
base material nozzle plate, wherein the amount of the
ink transferred onto the recording medium at a contact
time of 100 ms measured by a dynamic scanning
absorptometer with environmental conditions of
temperature 23 0C and relative humidity 50% RH is
between 4 and 15 ml/m 2, and the amount of the ink
transferred onto the recording medium at a contact
time of 400 ms measured by the dynamic scanning
absorptometer with environmental conditions of
temperature 23 0C and relative humidity 50% RH is
between 7 and 20 ml/m 2. According to the present
invention, the recordingmethod can be provided, in
which a portion that is an opening portion
neighborhood from an opening portion edge of the
inkrepellent film formed on a surface of the ink jet
head base material is a shape that is hard to cause
exfoliation by wiping and the method is able to
utilize the recording performance of the ink jet head
to the maximum by using the ink jet head formed in a
superior shape with jet stability and the recorded
matter. Other objects, features and advantages of the
present invention will become more apparent from the
following detailed description. BRIEF DESCRIPTION OF
THE DRAWINGS FIG.l is a sectional view of the ink jet
head nozzle plate used in an embodiment of the present
invention; FIG. 2 is a figure which explains a
characteristic of shape of the sectional view of
FIG.l; FIG. 3 is a figure which explains a
characteristic of shape of comparison embodiment; FIG.
4 is a figure showing a structure forming the
ink-repellent layer 1 by coating used with dispenser 4
in an 



embodiment of the present invention; FIG. 5 (a) is a
figure showing an embodiment of the present invention
and FIG. 5 (b) is a figure showing a general structure
of the present invention, in which the
relationshipbetween tip shape of needles and their
coating movement; FIG. 6 is a figure showing a
movement for forming the ink-repellent layer 1 by
using the dispenser 4 in an embodiment of the present
invention; FIG. 7 is a sectional view showing the ink
jet head nozzle plate in the case of forming the
ink-repellent layer Ia of an inner wall of the opening
portion and the ink-repellent layer 1 of an ink
ejecting surface; and FIG. 8 is a sectional view
showing the conventional ink jet head nozzle plate
including the peaked and sharpned edge at the opening
portion edge neighborhood. BEST MODE FOR CARRYING OUT
THE INVENTION Below, a description is given, with
reference to the accompanying drawings, of an
embodiment of the present invention . <About an ink
jet head, a cartridge having the ink jet head and an
ink jet recording apparatus> Figures 1 and 2 are
sectional views of the ink jet head nozzle plate
manufactured in an embodiment of the present
invention. In the embodiment, the nozzle plate 2 which
is made of a base material of the ink jet head is
manufactured by electroforming, the ink-repellent
layer 1 which is a silicone resin film having 0.1 mm
or above thickness is formed on a surface (the nozzle
plate) of the ink jet head, and it ispreferable that
surface coarseness be Ra = 0.2 or below. Also, it is
more preferable that the thickness of the
ink-repellent layer 1 be 0.5 mm or above . As shown in
figure 2 (c) , when the ink 3 is supplied, a meniscus
(a surface of liquid) P is formed at the boundary
region between the ink-repellent layer 1 made of the
silicone resin film and the nozzle plate 2 . The
opening portion of the nozzle plate 2 is provided such
that a cross section in a plane which is perpendicular
to the centerline shown by a one-dash line in figure 2
is a circle centered on this centerline. Also, the
ink-repellent layer 1 which is formed on the ink
ejecting surface of the nozzle plate 2 is formed such
that as the cross-sectional area for the opening
portion in a plane which is perpendicular to this
centerline is further separated from the nozzle plate
2 , it grows big sequentially. 



In more detail, as shown in figure 2 (a) , the opening
portion of the ink-repellent layer 1 has a rounded
shape, in which a curve from the opening portion edge
to the opening portion neighborhood of the nozzle
plate 2 has a radius of curvature r . It is preferable
that this radius of curvature r equal the thickness d
except for the opening portion neighborhood of the
ink-repellent layer 1 . This thickness d is a
thickness except for the rounded portion which is the
opening portion of the inkrepellent layer 1 , and it
is preferable that the thickness d be the maximum
thickness of the ink-repellent layer. Thereby, since
the opening portion of the inkrepellent layer 1 is
connected in succession with the opening portion of
the nozzle plate 2 , there is no shape having a peaked
and sharpened edge (rounded shape not having a peaked
shape) and also there is no rounded shape having a
part which is caught, so that it is possible that the
ink-repellent layer 1 will not be exfoliated from the
nozzle plate 2 by catching the wiper at the peaked
shape. Also, as shown in figure 2 (b) , it is
preferable that a tangent line which contacts the
opening portion edge of the ink-repellent layer 1
where there is a cross section in a plane including
the centerline of the opening portion that makes an
angle q less than 90 degrees from the surface of the
nozzle plate 2 including the opening portion edge of
the nozzle plate 2 connected in succession to the
opening portion edge. Since the angle q which is made
by the tangent line which contacts the opening portion
edge of the ink-repellent layer 1 and the surface 2 of
the nozzle plate is less than 90 degrees, the meniscus
(liquid surface) P is formed stably at the boundary
region between the ink-repellent layer 1 and the
nozzle plate 2 as shown in .figure 2 (c) , the
possibility of form the meniscus at other regions can
be greatly decreased.Thereby, because the surface of
the meniscus can be stabilized, the jet stability of
the ink can be good when image formation is performed
with the image forming apparatus using the ink jet
head including the nozzle plate 2 of the present
invention. For silicone resin used in the present
embodiment, a liquid silicone resin of room
temperature hardening type is desirable, and one with
hydrolysis reaction is particularly preferable. In the
following example, SR2411 made by Toray Dow Corning
Co., Ltd. was used. 



The following table 1 is an evaluated result of the
relationship for shape which is from the opening
portion edge to the opening portion edge neighborhood
of the nozzle plate 2 of the ink-repellent layer 1 of
the ink jet head of the present embodiment concerned
with ink collection at the nozzle circumference, edge
detachment and jet stability. TABLE 1For the ink jet
head which shape has the peaked and sharpened edge at
the edge portion (the opening portion edge
neighborhood) of the ink-repellent layer 1 , the ink
collection at nozzle circumference was observed and
the edge detachment by wiping occurred. For ink jet
heads having a rounded shape, the ink collection did
not occur. However, for the ink jet head having a
condition r<d as illustrated in figure 3 (a) as a
comparison example, the edge detachment occurred in a
part of the edge, for the ink jet head having a
condition q > 90 degrees as illustrated in figure 3
(b) , the result was that the jetting of drops is
unstable. That is, as shown in figure 3 (c) , there
will be a possibility that the meniscus (liquid
surface) P is formed stably at the boundary region
between the ink-repellent layer 1 and the nozzle plate
2 when the ink 3 is supplied for theink jet head
having a condition of r<d and q > 90 , and that the
meniscus Q is formed at a salient (the part that the
cross-sectional area that is perpendicular to the
centerline in the opening portion is minimized) for
the opening portion center in the ink-repellent layer
1 . Because of this, a variation occurred in jet
stability of ink when it formed an image with the
image forming apparatus with the use of the ink jet
head including such nozzle plate 2 . Next, a
manufacturing method of the nozzle member of the ink
jet head of the present embodiment as described above
is explained. FIG. 4 is a figure showing a structure
forming the ink-repellent layer 1 by coating with
silicone resin due to the coating used with dispenser
4 in the present embodiment. The dispenser 4 for
coating silicone resin is placed at the ejection side
of ink of the nozzle 2 by Ni electrocasting, and the
dispenser 4 is scanned as ejecting silicone from the
tip of needle 5 to keep a predetermined certain
distance space between the nozzle plate 2 and the tip
of the needle 5 , thereby, it is possible that a
silicone resin film is formed on the ejection side of
ink of the nozzle plate 



2 selectively as shown in figures 1 and 2 as described
above. The silicone resin used in the present
embodiment is a normal temperature hardening type
silicone resin SR2411 (made in Toray Dow Corning Co.,
Ltd.) with viscosity of 10mPa  s . However, it is
found that there was some silicone in the nozzle hole
and a back side of the nozzle plate. The silicone
resin film which was formed selectively in this way
has the thickness of 1.2 mm and the surface coarseness
(Ra) of 0.18 mm . A s shown in figure 5 (a) , an
opening for coating at the tip of needle 5 of the
present embodiment has a width sufficient only for
coating the nozzle plate 2 which is the coating
object. Thus, the dispenser 4 is scanned once in a
coating direction, so that it coats the whole coating
object. That is, it is possible to scan in only one
direction for coating; it is not necessary to change
direction of the scanning to scan in an opposite
direction as shown in figure 5 (b) . Here, as shown in
figure 5 (b) , since the tip of the needle 5 is
narrower than the width to the nozzle plate 2 which is
the coating object, it is necessary that the scanning
direction for coating movement be changed 90 degrees
and that it scans in an opposite direction on plural
courses in order to complete coating the whole coating
object, and it is difficult to coat with uniform
thickness the whole coating object. According to the
present embodiment, the width of the opening for
coating of the tip of the needle 5 equals the coating
width of the nozzle plate 2 which is the
coatingobject. Thereby, it is possible that the
coating thickness for the whole application object is
uniform and the surface finish has good precision.
FIG. 6 is a figure showing a movement for coating by
using the dispenser 4 in the present embodiment. The
basic structure is the same as the structure of figure
4 as described above, and silicone is coated while
jetting gas 6 from the nozzle hole (the opening
portion) of the nozzle plate 2 . A s the gas 6 , the
gas is not limited as long as it is a gas with which
it is hard to cause chemical reaction with silicone;
various gases may be used, for example, even air is
preferable. The coating is performed by jetting the
gas 6 from the nozzle hole, thereby the silicone resin
film can be formed only on the nozzle surface except
the nozzle hole of the 



nozzle plate. Also, the coating is performed with the
same silicone resin without jetting the gas 6 as
described above. The silicone resin is inserted at the
predetermined depth, then after that, the gas 6 is
jetted from the nozzle 2 ; thereby the ink-repellent
layer of the silicone resin can be formed extending to
the desired depth (for example, several mm ) of the
inner wall of the nozzle as shown in figure 7 . That
is, the ink-repellent thin layer Ia (the inkrepellent
layer of the inner wall of the opening portion) canbe
formed from the opening portion edge of the nozzle
plate 2 to the predetermined depth, in addition to the
ink-repellent layer 1 on the ejection surface of the
ink as described above. Wiping was performed for the
ink-repellent layer 1 of the nozzle plate made in this
way using EPDM rubber (Rubber hardness 50 degrees). A
s a result, for 1,000 times of wiping, the
ink-repellent layer of the nozzle plate was able to
maintain good ink-repellent characteristics. Also, the
nozzle member forming the ink-repellent layer was
dipped into ink of 70 0C for 14 days. A s a result,
the same ink-repellent characteristics as well as the
early period were able to be maintained afterward.
Comparison of ink-repellency for each ink is shown in
table 2 using a nozzle plate (Sl) forming the
ink-repellent layer 1 of silicone resin according to
the present embodiment and a nozzle plate (Cl) which
is plated of precipitate together with Ni/PTEE
conventionally and is heat-treated at 350 0C for 60
minutes. The ink conditions for examining the
ink-repellency are that surface tension was 20 mN/m or
35 mN/m, and the fluorine series surfactant was
contained or the fluorine series surfactant was not
contained. The fluorine series surfactant which was
used is FS-300 (Dupont) . For the present embodiment,
it is preferable that the surface tension of the
fluorine series surfactant which is used is low, for
example, 70 mN/m is preferable, 50 mN/m is more
preferable,15-50 itiN/m i s even more preferable and
15-40 mN/m i s the most preferable. Thus, wettability
o f ink i s increased for a recording medium like
paper and high-resolution printed matter can b e
obtained. Table 2 A s shown in table 2 , the surface
tension was 2 0 mN/m and the ink-repellency was not
obtained for the ink including the fluorine series
surfactant about the conventional nozzle Cl. In
contrast, good ink-repellency was 



obtained for all inks when examination was performed
with all inks for the nozzle plate S l manufactured
according t o the present embodiment. A s for
water-repellent materials comprising the ink-repellent
layer 1 o f the present embodiment, organic compounds
having a fluorine atom, especially organic matter
having a fluoroalkyl group, and organic suicide having
a dimethyl silyxanthan frame can b e used. A s for the
organic compound having a fluorine atom,fluoroalkyl
silane, alkane having fluoroalkyl group, carboxylic
acid, alcohol, and amine are preferable. Concretely,
as for fluoroalkyl silane, heptadecafluoro- 1 ,1 ,2
,2-tetrahydrodecyltrimethoxysilane, heptadecaf luoro-
1,1,2,2-tetrahydrotrichlosilane are listed; as for
alkane having fluoroalkyl group,
octafluorocyclobutane, perfluoromethylcyclohexane,
perfluoro-n-hexane, perfluoro-nheptane,
tetradecafluoro-2-methylpentane, perfluorododecane,
perfluorooyco acid are listed; as for carboxylic acid
having fluoroalkyl group, perfluoro decanoic acid,
perfluoro octane acid are listed; as for alcohol
having fluoroalkyl group,
3,3,4,4,5,5,5-heptafluoro~2-pentanol is used; as for
amine having fluoroalkyl group, heptadecaf luoro-1,
1,2, 2- tetrahydrodecylamine is listed. As for organic
silicide having dimethylsiloxane frame, a, w-bis
(3-aminopropyl) polydimethyl siloxane, , w-bis
(3-glysideoxypropyl) polydimethyl siloxane, a, w-bis
(vinyl) polydimethyl siloxane are listed. Also, as for
other water-repellent materials, organic compounds
having a silicone atom, especially organic compounds
having alkylsiloxane are listed. A s for organic
compounds having alkylsiloxane, molecules comprising
an alkyl siloxane epoxy resin component including the
alkyl siloxane group, and as for alkyl siloxane epoxy
resin having more than two of cyclic fatty series
epoxygroup, for example, large molecular compound (A)
including structural units presented i n general
formulas (a) and (b) i s listed. (a) (b) In the above
chemical formulas (a) and (b), x=1 ~50, y=2~100,
n=2~100 integer R1 and R2:Independently,-H or - R3 and
R4independently ,-CH 3 or R 5-CH2 ,~GH2CH2 ,-CH2CHCH
The large molecular .compound (A) including 



structure presented in general formulas (a) and (b)
serves as a binder when the large molecular compound
is used with other water-repellent compounds. That is,
fitness for coating the ink-repellent component can be
increased, and a function to improve work
characteristics such as dry coating improving the
dryness after a solvent evaporated can be provided.
Thus, in the present embodiment, since the
inkrepellent layer 1 is formed by coating with the
dispenser 4 , materials for the ink-repellent layer 1
, which materials are hardened in the air at ambient
temperature, that is, materialsnot having been left at
ambient temperature for a long time in the air , can
be used. Also, as described above, fluoric resin or
silicone resin may be used for the material for the
ink-repellent layer 1 . A s above, for the ink jet
head of the present embodiment, the ink-repellent
layer 1 is formed on the surface of the ejecting side
of the ink of the nozzle plate 2 , and the opening
portion of the ink-repellent layer 1 , that is, from
the opening portion edge to the opening portion edge
neighborhood of the nozzle plate 2 , is formed in a
rounded shape . Because of this, against an external
force of wiping, its shape is such that the nozzle
edge (the opening portion of the ink-repellent layer 1
) is protected, and the ink jet head having high
durability can be provided. Also, for the ink jet head
of the present embodiment, since the radius of
curvature r of the rounded portion of the
ink-repellent layer 1 formed on the surface of the
nozzle plate 2 is greater than the thickness d at the
opening portion of the ink-repellent layer 1 , the
detachment of the ink-repellent layer at the opening
portion edge neighborhood of the ink-repellent layer 1
does not easily occur, and the ink jet head having
good jet stability can be provided.Also, for the ink
jet head of the present embodiment, since a slope q of
the tangent line which contacts the rounded portion of
the nozzle edge portion is less than 90 degrees, ink
drops which are ejected do not contact the
inkrepellent layer 1 ; thus the ink jet head having
good jet stability can be provided. Also, for the ink
jet head of the present embodiment, since thickness d
of the ink-repellent layer 1 formed on the surface of
the head is less than 10 urn, the 



nozzle having high coherency and high durability can b
e provided. Also, since the ink-repellent layer 1
formed on the nozzle plate of the ink jet head of the
present embodiment may b e made o f fluoric resin, the
remainder of ink after wiping does not easily occur
and the jet stability can b e obtained. Also, since
the ink-repellent layer 1 formed on the nozzle plate
of the ink jet head of the present embodiment may b e
made of silicone resin, the mobility of ink is good,
and the ink which bonds to the nozzle circumference is
drawn into the nozzle hole easily so that the nozzle
hole circumference can b e always kept clean; thereby
the jet stability can b e obtained. Also, the base
material of the nozzle plate of the ink jet head of
the present embodiment may be metal so that the stable
ink jet head for which hardness is very preferablecan
be provided. Also, the base material of the nozzle
plate of the ink jet head of the present embodiment
may be resin so that the ink jet head having high
coherency with the ink-repellent layer 1 of the
surface and high durability can be provided. Also, in
the manufacturing method of the ink jet head of the
present embodiment, since the ink-repellent layer 1
can be formed in the air, the ink-repellent layer 1
can be easily formed with cheap facilities easily.
Also, in the manufacturing method of the ink jet head
of the present embodiment, since the material of the
inkrepellent layer is coated by the dispenser, a
necessary amount of resin can be coated on a necessary
place, a thickness d of the ink-repellent layer to be
formed can be coordinated freely and precisely, and
the ink-repellent layer 1 can be formed very cheaply.
Also, in the manufacturing method of the ink jet head
of the present embodiment, since the resin is coated
on the surface by jetting gas from the back side of
the base material of the nozzle to the surface side
via the nozzle hole of the base material of the nozzle
using the dispenser, the nozzle hole can be prevented
from being buried (covered) by the ink-repellent layer
1 , and the ink-repellent layer 1 can be formed in
high yield and very cheaply. Also, in the
manufacturing method of the ink jethead of the present
embodiment, since gas is jetted from the back side of
the base material of the nozzle to the surface side
via the nozzle hole after coating the resin on the 



surface of the base material of the nozzle using the
dispenser, a resin film can be coated on the inner
wall of the nozzle hole to an arbitrary depth, and the
ink-repellent layer 1 can be formed in high yield and
very cheaply. In addition, according to the ink jet
head provided with the base material of the nozzle of
the ink jet head of the present embodiment, the
detachment of the ink-repellent layer is hard to make
occur by wiping with the head cleaning, also because
the ink jet head is superior in the jet stability, the
ink jet head having high resolution and high
durability can be provided. In addition, according to
a cartridge provided with the ink jet head of the
present embodiment, the detachment of the
ink-repellent layer of the head portion is hard to
make occur by wiping with the head cleaning, also
because the jet stability is superior, the cartridge
with the ink jet head having high resolution and high
durability can be provided. Also, this cartridge may
be used for ink exchange means of the ink jet head and
this cartridge includes attaching means to attach to
the main body of the ink jet recording apparatus, and
it may be used for exchange. Also, since the ink jet
recording apparatusprovided with the ink jet head of
the present embodiment is equipped with the ink jet
head of the above present embodiment, the ink jet
recording apparatus having high durability and a
stable jet performance can be provided cheaply. Also,
for the ink jet recording apparatus of the present
embodiment, since the ink having low surface intension
can be used, an improvement of fixing ink to the body
to which the ink is adhered (for example, paper) is
possible. Also, for the ink jet recording apparatus of
the present embodiment, since the ink which contains a
fluorine series surfactant can be used, image forming
in which a color development characteristic is
preferable can be possible. Also, for the ink jet
recording apparatus of the present embodiment, since
an ink including pigment may be used, even though
using plain paper, high-resolution imaging superior in
weatherability and water resistance is possible. Here,
conventionally, a method for using the fluoric resin
is known as the ink-repellent layer of the nozzle
plate of the ink jet head. For example, these are
methods to plate a precipitate together of Ni/PTEE on
the surface of the metallic nozzle plate and to form a
thin film of PTEE on the 



surface of the nozzle plate by heating, and that to
coat a fluorine series water-repellent agent on the
surface of the metallic nozzle plate or the nozzle
plate made by resin. In the case of the nozzle plate
with the ink-repellent layerusing the fluoric resin,
it is possible to have good inkrepellency for ink
including dye and ink including pigment in which the
surface tension is greater than conventional, about 30
mN/m. However, it was difficult to have sufficient
inkrepellency for an ink for which the surface tension
is between 15 mN/m and 3 mN/m and an ink which has
added the fluorine series surfactant. Also,
conventionally, a method has been provided in which
the ink-repellent layer having good mobility of ink is
formed by forming the silicone resin film on the
surface of the nozzle plate of the ink jet head. As
for the method, there are methods of vacuum deposition
of the liquid silicone resin material and forming by
plasma polymerization of silicone oil. For these
methods, vacuum processing is needed at the time of
making the layer, and large-scaled facilities are
needed so that its manufacturing cost rises. Also,
when a silicone resin film is made from methods such
as the vacuum deposition or the plasma polymerization,
because the time to make the film is long and the
formed film is very thin, there is a problem in that
defects such as pinholes are easily produced. Also, it
is difficult to make the film thick for methods such
as the vacuum deposition or the plasma polymerization,
so it has been difficult to maintain a sufficient
durability for the wiping and the ink. Also,
conventionally, a method has been provided inwhich the
ink-repellent layer is formed on the surface of the
nozzle plate by dipping the nozzle plate into a
solution which dissolved the ink-repellent agent.
However, air bubbles occur in the solution because the
nozzle plate is dipped in the solution while jetting
the gas. In the case of the type where the solution
stiffens at room temperature, it is needed for the
solution to be left in the air, and it is difficult to
keep the liquid condition and control of the film
thickness of the ink-repellent layer becomes
impossible due to a change of viscosity of the
solution. In contrast to the conventional techniques,
since the ink-repellent layer of the nozzle plate of
the ink jet head of the present invention is such that
the silicone resin film having a efficient
ink-repellency to the surface of the nozzle plate and
low surface tension is formed uniformly and 



flat, it is possible to have a sufficient
ink-repellency for the ink having a low surface
tension of 15-30 mN/m and the ink which added the
fluorine series surfactant. Thus, since the film keeps
the ink-repellency superior in sustainability and
durability, the ink jet head where printing quality is
preferable for a long term can be provided. Also, in
the ink-repellent processing method of the nozzle
plate of the ink jet head of the present embodiment,
it is characterized that the silicone resin film is
formed on the surface of the nozzle plate uniformly
and flat due to a methodof coating the liquid silicone
using the dispenser on the necessary place of the
nozzle plate so that the nozzle hole is formed
beforehand. The durability to the wiping and the ink
resistance can be improved so that the thickness of
the silicone resin film is 0.1 mm or above, more
preferably the thickness of the silicone resin film is
0.5 mm or above. Also, the ink which is left during
the wiping can be decreased so that the surface
coarseness of the silicone resin film Ra is 0.2 mm or
below. It is desirable that the viscosity of the
liquid silicone as a material is 1000 cp to form the
surface which has flatness. Also, in the ink-repellent
processing method of the nozzle plate of the ink jet
head of the present embodiment, while jetting gas from
the nozzle hole, a silicone coat (a coating) in the
dispenser is applied like the above, only on the
surface of the nozzle plate, the ink-repellent layer
of the silicone resin can be made by rigidifying
silicone resin. After the silicone resin is coated on
the surface of the nozzle plate, it is possible that
the ink-repellent layer be formed down to the desired
depth of the inner wall of the nozzle hole by jetting
gas from the- nozzle hole. Also, it is characterized
that the silicone resin as a material used for the
ink-repellent process of the nozzle plate of the ink
jet head of the present embodiment is the liquid
silicone resin which is hardened by the
ambienttemperature or the elastomer. Thus, the
silicone resin film having the durability can be
formed by leaving the film for from several minutes to
an hour in the atmosphere of room temperature after
coating. Also, it is characterized that the silicone
resin as a material used for the ink-repellent process
of the nozzle plate of the ink jet head of the present
embodiment is the liquid silicone resin which is
hardened by heating or the elastomer. Thus, the
silicone resin film having the 



durability can be formed by heating for from several
minutes to several tens of minutes at several tens of
degrees Celsius to one hundred and several tens of
degrees Celsius after coating. Also, it is
characterized that the silicone resin as a material
used for the ink-repellent process of the nozzle plate
of the ink jet head of the present embodiment is the
liquid silicone resin which is hardened by ultra
violet rays or the elastomer. Thus, the silicone resin
film having the durability can be formed by
irradiating ultraviolet rays of 500-1000 mJ/cm 2 after
coating. Thus, in the nozzle member of the ink jet
head of the present embodiment, it is characterized
that the thickness of the ink-repellent layer is 0.1
mm or above, more preferable 0.5 urn or above for the
nozzle member of the ink jet head for which the
ink-repellent layer made from the silicone resin
isforined on the side of the ejection of the ink-
Since the layer having thickness of 0.1 mm or above is
formed on the side of the ejection of the ink using
the silicone resin uniformly and flat, the ink jet
nozzle is superior in the durability against the
wiping and the inkrepellency. Especially, the ink
resistance can be improved due to the chemical
resistance of the silicone resin. Also, it is
characterized that the surface coarseness of the
silicone resin film Ra is 0.2 mm or below. Since the
surface coarseness of the silicone resin film Ra is
0.2 mm or below, the surface characteristics are good
condition, and there is little ink remainder after
wiping. Also, it is characterized that the above
silicone resin is coated on the surface of the nozzle
plate- where the nozzle hole is formed beforehand
using the dispenser. Thus, since the liquid silicone
resin is coated on the surface of the nozzle plate
where the nozzle hole is formed beforehand using the
dispenser, the ink-repellent film having no defect
like a pinhole can be formed efficiently and
selectively on the surface of the nozzle plate. Also,
it is characterized that the viscosity of the above
silicone resin is 1000 cp (centipoise) or below. Thus,
since the viscosity of the liquid silicone is 1000 cp
or below, the ink-repellent layer for which the
surface characteristics are in good condition can be
formed.Also, it is characterized that the silicone
resin is coated while jetting gas from the nozzle hole
for the coating using the above dispenser. 



Thus, since gas is jetting from the nozzle hole,
introduction of the silicone to the nozzle inner wall
and introduction of the silica to the back side can be
completely prevented at the time of coating the liquid
silicone. Also, it is characterized that the silicone
resin is coating on the surface of the nozzle plate,
the silicone is immersed at the desirable depth of the
nozzle hole, and then gas is jetted from the nozzle
hole. Thus, since gas is jetted from the nozzle hole
after coating of the liquid silicone, it is possible
that the silicone resin be coated down to the desired
depth of the nozzle inner wall. Also, the above
silicone resin is the liquid silicone resin which is
hardened by the ambient temperature or an elastomer.
It is characterized that when the above silicone resin
is coated on the surface of the nozzle plate, the
ink-repellent film is formed by polymerization and
hardening as leaving it in the air with ambient
temperature. Thus, since silicone resin which is
hardened by the ambient temperature or the silicone
elastomer as the silicone material is used, the
hardening is progressed only being left in the air
after coating the material to the nozzle surface,it is
possible that the film is superior in durability and
has good ink-repellency. Also, it is characterized
that the above silicone resin is the liquid silicone
resin which is hardened by heating or the elastomer,
it is coated on the surface of the nozzle plate, the
hardening is progressed by heating process and the
film having the ink-repellency is formed. Thus, since
the silicone resin which is hardened by heating or the
silicone elastomer as the silicone material is used,
the hardening progresses for a short time by heating
after coating of the material onto the nozzle surface,
and it is possible that the film has superior
durability and has good the ink-repellency. Also, it
is characterized that the above silicone resin is the
liquid silicone resin which is hardened by ultraviolet
rays or the elastomer, it is coated on the surface of
the nozzle plate, the hardening is progressed by
irradiating ultraviolet rays and the film having the
inkrepellency is formed. Thus, since the silicone
resin which is hardened by ultra violet rays or the
silicone elastomer as the silicone 



material is used, the hardening is progressed for a
short time by irradiating ultraviolet rays after
coating of the material onto the nozzle surface, it is
possible that the film is superior in durability and
has good ink-repellency.Also, it is characterized that
the above nozzle member is used for the ink jet
recording device of the present embodiment . Thus,
since the nozzle plate of the present embodiment is
used, it is possible that the ink drop is ejected
straight out and there are few ejection curves at the
time of the ejection of ink. Also, it is characterized
that the surface tension of the ink which is used is
70 mN/m or below for the ink jet recording apparatus
of the above present embodiment. Thus, since the ink
has low surface tension, it is possible that the
fixing capability of the ink to the body (for example,
paper) which is adhered is improved. Also, it is
preferable that the above ink include the fluorine
series surfactant. Thus, since the ink includes the
fluorine series surfactant, the image formation having
good color development can be possible. Also, it is
preferable that the ink include pigment. Thus, since
the ink includes pigment, even though using plain
paper, high-resolution imaging superior in
weatherability, and water resistance is possible. <
the relationship between the nozzle plate, the ink and
the recording media > As described above, the nozzle
plate of the presentembodiinent has excellent water
repellency and ink repellency, and therefore formation
of ink drops (particle) can be done well even when an
ink with a low surface tension is used. This is so
that a meniscus of ink is formed normally without the
nozzle plate getting too wet. In the case that a
meniscus is formed normally, when ink jets, ink is not
pulled to one direction, and, as a result, there are
few jet curves of ink, and pictures in which dot
position precision is high can be obtained. When
printing on paper having low absorbency, the good or
bad of dot position precision emerges in image quality
conspicuously. In other words, because it is hard to
spread ink on the paper having low absorbency, if the
dot position precision becomes slightly low, the point
where ink does not finish being buried in the paper in
that is a region where 



white color is removed. This point that cannot finish
being filled up leads to image density unevenness, a
decline of image density, and it appears as a decline
of image quality. However, even though using the ink
having low surface tension, the nozzle plate of the
present embodiment has high dot position precision.
Even if using a paper having low absorbency, printed
matter of a high image quality can be obtained without
image density unevenness and without a decline of
image density so that ink can be buried in the
paper.<Media> For example, paper for exclusive ink-jet
use as media for recording (recording media) which is
used for the present embodiment is composed of a
support material and at least one coating layer on a
surface of the base support. Also, the exemplary
recording medium may have additional layers. When the
exemplary recording medium was brought into contact
with an ink of this embodiment for 100 ms, the amount
of the ink transferred onto the exemplary recording
medium measured by a dynamic scanning absorptometer
was between 4 and 15 ml/m2. This value is preferably
between 6 and 14 ml/m2. The amount of pure water
transferred onto the exemplary recording medium during
a contact time of 100 m s is preferably between 4 and
26 ml/m2, and more preferably between 8 and 25 ml/m 2.
When the amount of transferred pure water or ink at a
contact time of 100 ms is smaller than the preferable
range, beading may occur. When the amount is larger
than the preferable range, the diameter of a recorded
ink dot may become smaller than a preferable diameter.
When the exemplary recording medium was brought into
contact with an ink of this embodiment for 400 ms, the
amount of the ink transferred onto the exemplary
recording medium measured by a dynamic scanning
absorptometer was between 7 and 20 ml/m2. This value
is preferably between 8 and19 ml/m 2 . The amount of
pure water transferred onto the exemplary recording
medium at a contact time of 400 m s is preferably
between 5 and 29 ml/m 2, and more preferably between
10 and 28 ml/m 2. When the amount of transferred pure
water or ink at a contact time of 400 m s is smaller
than the preferable range, drying property becomes
insufficient and spur marks may appear. When the
amount is larger than the preferable range, bleeding
may occur and the glossiness of an image after drying
may become low. 



Dynamic scanning absorptometer (DSA: JAPAN TAPPI
JOURNAL, Volume 48, May 1994, pp. 88-92, Shigenori
Kuga) is an apparatus that can accurately measure the
amount of a liquid absorbed during a very short period
of time . The dynamic scanning absorptometer directly
reads the absorption speed of a liquid from the
movement of a meniscus in a capillary and
automatically measures the amount of the liquid
absorbed. The test sample is shaped like a disk. The
dynamic scanning absorptometer scans the test sample
by moving an liquidabsorbing head spirally over the
test sample and thereby measures the amount of the
liquid absorbed at as many points as necessary. The
scanning speed is automatically changed according to a
predetermined pattern. A liquid supplying head that
supplies liquid to the test sample is connected via a
Teflon (registered trademark) tube to the capillary.
Positions of the meniscus in the capillary are
automaticallydetected by an optical sensor. In the
above experiment, a dynamic scanning absorptometer
(K350 series, type D , Kyowa Co., Ltd.) was used to
measure the amount of transferred pure water or ink.
The amount of transferred pure water or ink at a
contact time of 100 m s or 400 ms is obtained by
interpolation, using the transferred amounts measured
at time points around each contact time. The
measurement was performed in an environmental
condition of 23 0C and relative humidity of 50% RH.
<Support material> Various materials may be used for
the support material depending on the purpose of the
paper. For example, a sheet of paper mainly made of
wood fibers and a non-woven fabric mainly made of wood
and synthetic fibers may be used. A sheet of paper may
be made of wood pulp or recycled pulp. Examples of
wood pulp are leaf bleached kraft pulp (LBKP) , needle
bleached kraft pulp (NBKP) , NBSP, LBSP, GP, and TMP.
A s materials of recycled pulp, recycled papers in the
list of standard qualities of recycled papers of the
Paper Recycling Promotion Center may be used. For
example, chemical pulp or high-yield pulp made of
recycled papers may be used as the base material .
Such recycled papers include printer papers such as
non-coated computer paper, thermal paper, and
pressure-sensitive paper; OA papers such as plain
paper;coated papers such as art paper,
ultra-lightweight coated paper, and matt paper; and
non-coated papers such as bond paper, color bond
paper, note paper, letter paper, wrapping 



paper, fancy paper, medium quality paper, newspaper,
woody paper, supermarket flyers, simili paper,
pure-white roll paper, and milk cartons. The above
materials may be used individually or in combination.
Normally, recycled pulp is made by the following four
steps: (1) A defibrating step of breaking down used
paper into fibers and separating ink from the fibers
by using mechanical force and a chemical in a pulper.
(2) A dust removing step of removing foreign
substances (such as plastic) and dust in the used
paper by using, for example, a screen and a cleaner.
(3) A de-inking step of expelling the ink separated by
a surfactant from the fibers by using a flotation
method or a cleaning method. (4) A bleaching method of
bleaching the fibers by oxidization or reduction. When
mixing recycled pulp with wood pulp, the percentage of
recycled pulp is preferably 40 % or lower so that
produced paper does not curl after recording. As an
internal filler for the support material, a
conventional white pigment may be used. For example,
thefollowing substances may be used as a white
pigment: an inorganic pigment such as precipitated
calcium carbonate, heavy calcium carbonate, kaolin,
clay, talc, calcium sulfate, barium sulfate, titanium
dioxide, zinc oxide, zinc sulfide, zinc carbonate,
satin white, aluminum silicate, diatomaceous earth,
calcium silicate, magnesium silicate, synthetic
silica, aluminum hydroxide, alumina, lithophone,
zeolite, magnesium carbonate, or magnesium hydrate;
and an organic pigment such as styrene plastic
pigment, acrylic plastic pigment, polyethylene,
microcapsule, urea resin, or melamine resin. The above
substances may be used individually or in combination.
A s an internal sizing agent used when producing the
support material, a neutral resin size used for
neutral papermaking, alkenyl succinic anhydride (ASA)
, alkyl ketene dimer (AKD) , or a petroleum resin size
may be used. Especially, a neutral resin size and
alkenyl succinic anhydride are preferable. Alkyl
ketene dimer has a high sizing effect and therefore
provides enough sizing effect with a small amount.
However, since alkyl ketene dimer reduces the friction
coefficient of the surface of recording paper 



(medium) , recording paper made using alkyl ketene
dimer may cause slippage when being conveyed in an ink
jet recording apparatus . <Coating layer>The coating
layer contains a pigment and a binder, and may also
contain a surfactant and other components. A s a
pigment, an inorganic pigment or a mixture of an
inorganic pigment and an organic pigment may be used.
For example, kaolin, talc, heavy calcium carbonate,
precipitated calcium carbonate, calcium sulfite,
amorphous silica, alumina, titanium white, magnesium
carbonate, titanium dioxide, aluminum hydroxide,
calcium hydrate, magnesium hydrate, zinc hydroxide, or
chlorite may be used as an inorganic pigment.
Especially, kaolin provides a high gloss surface
similar to that of an offset paper and is therefore
preferable. There are several types of kaolin, for
example, delaminated kaolin, calcined kaolin, and
engineered kaolin made by surface modification. To
provide a high gloss surface, the mass percentage of a
type of kaolin, in which 80 or more mass percent of.
particles have a diameter of 2 mm . or smaller, in the
total amount of kaolin is preferably 50 percent or
more. The mass ratio of the binder to kaolin in the
coating layer is preferably 100:50. If the mass ratio
of kaolin is lower than 50, sufficient glossiness may
riot be obtained. There is no specific limit to the
amount of kaolin. However, when the fluidity and the
thickening property of kaolin under a high shearing
force are taken into account, the mass ratio of kaolin
is preferably 90 or lower in terms ofcoatability
(ability to be coated) . A s an organic pigment, a
water-soluble dispersion of, for example,
styrene-acrylic copolymer particles, styrenebutadiene
copolymer particles, polystyrene particles, or
polyethylene particles may be used. The above organic
pigments may be used in combination. The amount of an
organic pigment in the total amount of pigment in the
coating layer is preferably 2-20 mass percent. An
organic pigment as described above has a specific
gravity lower than that of an inorganic pigment and
therefore provides a thick, high-gloss coating layer
having good coatability. If the mass percentage of an
organic pigment is less than 2 percent, a desired
effect is not obtained. If the mass percentage of an
organic pigment is more than 20 percent, the fluidity
of a coating liquid becomes too low and, as a 



result, the efficiency of a coating process decreases
and the operational costs increase. Organic pigments
can be divided into several types according to their
particle shapes: solid-shape, hollow-shape, and
doughnut -shape. To achieve a good balance between the
glossiness, coatability, and fluidity of a coating
liquid, an organic pigment having hollow-shaped
particles with a void percentage of 40 percent or
higher and an average diameter of between 0.2 and 3.0
mm is preferable. As a binder, a water-based resin is
preferably used.A s a water-based resin, a
water-soluble resin or a water-dispersible resin may
be used. Any type of water-based resin may be used
depending on the purpose. For example, the following
water-based resins may be used: polyvinyl alcohol; a
modified polyvinyl alcohol such as anion-modified
polyvinyl alcohol, cation-modified polyvinyl alcohol,
or acetal-modified polyvinyl alcohol; polyurethane;
polyvinyl pyrrolidone; a modified polyvinyl
pyrrolidone such as polyvinyl pyrrolidonevinyl acetate
copolymer, vinyl pyrrolidone-dimethylaminoethyl
methacrylate copolymer, quaternized vinyl
pyrrolidonedimethylaminoethyl methacrylate copolymer,
or vinyl pyrrolidone-methacrylamide propyl trimethyl
ammonium chloride copolymer; cellulose such as
carboxymethyl cellulose, hydroxyethyl cellulose, or
hydroxypropylcellulose; modified cellulose such as
cationized hydroxyethyl cellulose; polyester,
polyacrylic acid (ester) , melamine resin, or modified
versions of these substances; synthetic resin made of
polyesterpolyeurethane copolymer; and other substances
such as poly (metha) acrylic acid, poly (metha)
acrylamide, oxidized starch, phosphorylated starch,
self-denatured starch, cationized starch, other
modified starches, polyethylene oxide, polyacrylic
acid soda, and alginic acid soda. The above substances
may be used individually or in combination. Among the
above substances, polyvinyl alcohol, cation-modified
polyvinyl alcohol, acetal-modified polyvinylalcohol,
polyester, polyurethane, and polyester-polyeurethane
copolymer are especially preferable in terms of
ink-absorption rate. Any type of water-dispersible
resin may be used depending on the purpose. For
example, the following waterdispersible resins may be
used: polyvinyl acetate, ethylenepolyvinyl acetate
copolymer, polystyrene, styrene- (metha) acrylic ester
copolymer, (metha) acrylic ester polymer, polyvinyl
acetate- (metha) acrylic acid (ester) copolymer, 



styrene-butadiene copolymer, an ethylene-propylene
copolymer, polyvinyl ether, and silicone-acrylic
copolymer. A waterdispersible resin may contain a
cross-linking agent such as methylol melamine,
methylol hydroxypropylene urea, or isocyanate. Also, a
self-crosslinking copolymer containing a unit of
methylol acrylamide may be used as a water-dispersible
resin. Two or more of the water-dispersible resins
described above may be used at the same time. The mass
ratio of the water-based resin to the pigment in the
coating layer is preferably 2:100 to 100:100, and more
preferably 3:100 to 50:100. The amount of the
waterbased resin in the coating layer is determined so
that the liquid-absorption rate of a recording medium
falls within a specific range. When a
water-dispersible colorant is used, whether to mix a
cationic organic compound in the binder is
optional.For example, primary to tertiary amines that
react with sulfonic groups, carboxyl groups, or amino
groups of a direct dye or an acid dye in a
water-soluble ink, and form insoluble salt; or a
monomer, oligomer, or polymer of quart ernary ammonium
salt may be used. Among them, an oligomer and a
polymer of quarternary ammonium salt are especially
preferable. As a cationic organic compound, the
following substances may be used:
dimethylamine-epichlorohydrin polycondensate,
dimethylamine-ammonia-epichlorohydrin condensate, poly
(trimethyl aminoethyl-methacrylate methylsulfate) ,
diallylamine hydrochloride-acrylamide copolymer, poly
(diallylamine hydrochloride-sulfur dioxide) ,
polyallylamine hydrochlorid, poly (allylamine
hydrochloriddiallylamine hydrochloride) ,
acrylamide-diallylamine copolymer, polyvinylamine
copolymer, dicyandi amide, dicyandi amide - ammonium
chloride-urea-formaldehyde condensate, polyalkylene
polyamine-dicyandiamide ammonium salt condensate,
dimethyl diallyl ammonium chloride, poly diallyl
methyl amine hydrochloride, poly (diallyl dimethyl
ammonium chloride) , poly (diallyl dimethyl ammonium
chloride-sulfur dioxide) , poly (diallyl dimethyl
ammonium chloride-diallyl amine hydrochloride
derivative) , acrylamide-diallyl dimethyl ammonium
chloride copolymer, acrylate-acrylamide-diallyl amine
hydrochloride copolymer, polyethylenimine,
ethylenimine derivative such as acrylamine polymer,
and modifiedpolyethylenimine alkylene oxide. The above
substances may be used individually or in combination.
It is preferable to use a cationic organic compound 



with a low-molecular weight such as
dimethylamineepichlorohydrin polycondensate or
polyallylamine hydrochlorid and a cationic organic
compound with a relatively-high molecular weight such
as poly (diallyl dimethyl ammonium chloride) in
combination. Compared with a case where only one
cationic organic compound is used, using cationic
organic compounds in combination improves image
density and reduces feathering. The equivalent weight
of cations in a cationic organic compound obtained by
the colloid titration method (performed using
polyvinyl potassium sulfate and toluidine blue) is
preferably between 3 and 8 meq/g. With an equivalent
weight in the above range, the dry deposit mass of the
cationic organic compound falls within a preferable
range. In the measurement of the equivalent weight of
cations, the cationic organic compound is diluted with
distillated water so that the solid content in the
solution becomes 0.1 mass percent. No pH control is
performed. The dry deposit mass of the cationic
organic compound is preferably between 0.3 and 2.0
g/m2 .If the dry deposit mass of the cationic organic
compound is'lower than 0.3 g/m2, sufficient
improvement in image density andsufficient reduction
in feathering may not be achieved. Any surfactant may
be used depending on the purpose. For example, an
anion surfactant, a cation surfactant, an amphoteric
surfactant, or a nonionic surfactant may be used.
Among the above surfactants, a nonionic surfactant is
especially preferable. Adding a surfactant improves
water resistance and density of an image, and thereby
reduces bleeding. For example, the following nonionic
surfactants may be used: higher alcohol ethylene oxide
adduct, alkylphenol ethylene oxide adduct, fatty acid
ethylene oxide adduct, polyhydric alcohol fatty acid
ester ethylene oxide adduct, higher aliphatic amine
ethylene oxide adduct, fatty acid amide ethylene oxide
adduct, fatty oil ethylene oxide adduct, ethylene
oxide adduct of fat, polypropylene glycol ethylene
oxide adduct, glycerol fatty acid ester,
pentaerythritol fatty acid ester, sorbitol-sorbitan
fatty acid ester, sucrose fatty acid ester, polyhydric
alcohol alkyl ether, and alkanolamine fatty acid
amide. The above substances may be used individually
or in combination. Polyhydric alcohol is not limited
to a specific 



type and any type of polyhydric alcohol may be used
depending on the purpose. For example, glycerol,
trimethylolpropane, pentaerythrite, sorbitol, or
surcose may be used. Ethylene oxide adduct may be made
by replacing a part of ethylene oxidewith an alkylene
oxide such as propylene oxide or butylene oxide to the
extent that the water solubility is not affected. The
percentage of the replaced part is preferably 50
percent or lower. The hydrophile-lipophile balance
(HLB) of a nonionic surfactant is preferably between 4
and 15, and more preferably between 7 and 13. The mass
ratio of the surfactant to the cationic organic
compound is preferably 0:100 to 10:100, and more
preferably 0.1:100 to 1:100. Other components may also
be added to the coating layer to the extent that its
advantageous effects are not undermined. Examples of
other components include additives such as an alumina
powder, a pH adjuster, an antiseptic agent, and an
antioxidant . The method of forming the coating layer
is not limited to a specific method. For example, the
coating layer may be formed by impregnating the base
material with a coating liquid or by applying a
coating liquid to the base material. For the
impregnation or application of a coating liquid, a
coater such as a conventional size press, a gate roll
size press, a film transfer size press, a blade
coater, a rod coater, an air knife coater, or a
curtain coater may be used. Also, using a conventional
size press, a gate roll size press, or a film transfer
size press attached to a paper machine for the
impregnation or application of a coating liquid
mayimprove the efficiency of the process. There is no
specific limit to the amount of a coating liquid on
the base material. However, the solid content of a
coating liquid on the base material is preferably
between 0.5 and 20 g/m2, and more preferably between 1
and 15 g/m2. When it is less than 0.5 g/m2, because
ink cannot be taken in enough, ink overflows, and a
blur of letters occurs. On the other hand, when it is
over than 20 g/m2, a property of paper is lost, and
malfunction occurs. It is hard to be bent. Even more
particularly, it is hard to be written on. After the
impregnation or application of a coating liquid, the
coating liquid may be dried. The temperature for this
drying process is preferably between 100 and 250 0C ,
but is not limited to the specific range. 



The recording medium of the present embodiment may
also have a back layer on the back of the support
material, and other layers between the support
material and the coating layer or between the support
material and the back layer. Also, a protective layer
may be provided on the coating layer. Each of the
layers may be composed of one layer or multiple
layers. In the case that absorbency of liquid is
within the above range of the present invention, the
recording medium of the present embodiment may be
commercially available coatedpaper for offset
printing, and coated paper for gravure other than
recording media used for ink jet printing. It is
preferable that grammage of the recording medium of
the present embodiment be between 50 and 250 g/m2 .
When it is less than 50 g/m2 it is easy to produce
poor transportation so that the recording medium is
clogged on the way of a transportation course so that
there is no strength. When the grammage of the
recording medium is greater than 250 g/m2, the
recording medium cannot finish turning in a curve part
on the way of the transportation course so that the
strength of paper becomes too high, thereby it is easy
to produce poor transportation in that the recording
medium is clogged. Ink An ink according to an
embodiment of the present invention contains at least
water, a colorant, and a humectant, and may also
include a penetrant, a surfactant, and other
components . The surface tension of an ink according
to an embodiment of the present invention at 25 0C is
preferably between 15 and 40 mN/m, and more preferably
between 20 and 35 mN/m. When the surface tension of an
ink is less than 15 mN/m, the wettability of the
nozzle plate to the ink becomes too high. As a result,
ink drops may not be formed normally, bleeding may
occur on a recording medium of this embodiment,and ink
spray stability may be reduced. When the surface
tension of an ink is more than 40 mN/m, the
penetration capability of the ink is reduced, beading
may occur, and the drying time may become longer. The
surface tension of an ink is measured, for example, by
a surface tensiometer (for example, CBVP-Z of Kyowa
Interface Science Co., Ltd.) with a platinum plate at
a temperature of 25 0C . Colorant 



A s a colorant, a pigment, a dye, and colored
particles may be used individually or in combination.
A s colored particles, an aqueous dispersion liquid of
polymer micro-particles containing at least a pigment
or a dye as a colorant is preferably used.
"Containing" in this case means that a colorant is
encapsulated in the polymer micro-particles, a
colorant is absorbed by the polymer micro-particles,
or both. However, a colorant may not be necessarily
encapsulated in or absorbed by polymer
micro-particles, but may be dispersed in an emulsion
as long as the resulting ink has characteristics
suitable for the present invention. Any
water-insoluble or poorly water-soluble colorant that
can be absorbed by polymer micro-particles may be used
depending on the purpose."Water-insoluble" or "poorly
water-soluble" in this case indicates that the maximum
amount of a colorant that can dissolve in water at a
temperature of 20 C is less than a mass ratio of
10:100 (colorant :water) . Also, "dissolve" means that
no separation or sediment of a colorant is identified
on the surface or bottom of the solution by eye
observation. The volume average particle diameter of a
polymer micro-particle (colored particle) containing a
colorant is preferably between 0.01 and 0.16 mm in an
ink. When the volume average particle diameter is less
than 0.01 mm , the fluidity of polymer micro-particles
becomes very high and, as a result, bleeding may occur
or the light resistance of the ink may become low.
When the volume average particle diameter is more than
0.16 mm , nozzles may be clogged or color development
of the ink may be inhibited. As a colorant, for
example, a water-soluble dye, an oil-soluble dye, a
dispersed dye, or a pigment may be used. An
oil-soluble dye or a dispersed dye is preferable in
terms of absorbability and encapsulation. A pigment is
preferable in terms of the light resistance of an
image formed. To be efficiently absorbed by polymer
microparticles, the amount of a dye soluble in an
organicsolvent, such as a ketone solvent, is
preferably 2 g/1 or more, and more preferably between
20 and 600 g/1. A s a water-soluble dye, a dye
categorized as an acid dye, a direct dye, a basic dye,
a reactive dye, or a food dye in the Color Index may
be used. Especially, a dye 



with high water resistance and high light resistance
is preferable. For example, the following acid dyes
and food dyes may be used: C . I . Acid Yellow 17, 23,
42, 44, 79, 142; C . I . Acid Red 1 , 8 , 13, 14, 18,
26, 27, 35, 37, 42, 52, 82, 87, 89, 92, 97, 106, 111,
114, 115, 134, 186, 249, 254, 289; C . I . Acid Blue 9
, 29, 45, 92, 249; C . I . Acid Black 1 , 2 , 7 , 24,
26, 94; C . I . Food Yellow 3 , 4 ; C . I . Food Red 7
, 9 , 14; and C . I . Food Black 1 , 2 . For example,
the following direct dyes may be used: C . I . Direct
Yellow 1 , 12, 24, 26, 33, 44, 50, 86, 120, 132, 142,
144; C . I . Direct Red 1 , 4 , 9 , 13, 17, 20, 28,
31, 39, 80, 81, 83, 89, 225, 227; C . I . Direct
Orange 26, 29, 62, 102; C . I . Direct Blue 1 , 2 , 6
, 15, 22, 25, 71, 76, 79, 86, 87, 90, 98, 163, 165,
199, 202; and C . I . Direct Black 19, 22, 32, 38, 51,
56, 71, 74, 75, 77, 154, 168, 171. For example, the
following basic dyes may be used: C . I . Basic Yellow
1 , 2 , 11, 13, 14, 15, 19, 21, 23, 24, 25, 28, 29,
32, 36, 40, 41, 45, 49, 51, 53, 63, 64, 65,67 , 70,
73, 77, 87 , 91; C. I . Basic Red 2, 12, 13, 14, 15,
18, 22, 23, 24, 27, 29, 35, 36, 38, 39, 46, 49, 51,
52, 54, 59, 68, 69, 70, 73, 78, 82, 102, 104, 109,
112; C . I . Basic Blue 1 , 3 , 5 , 7 , 9 , 21, 22,
26, 35, 41, 45, 47, 54, 62, 65, 66, 67, 69, 75, 77,
78, 89, 92, 93, 105, 117, 120, 122, 124, 129, 137,
141, 147, 155; and C . I . Basic Black 2 , 8 . For
example, the following reactive dyes may be used: C .
I . Reactive Black 3 , 4 , 7 , 11, 12, 17; C . I .
Reactive Yellow 1 , 5 , 11, 13, 14, 20, 21, 22, 25,
40, 47, 51, 55, 65, 67; C . I . Reactive Red 1 , 14,
17, 25, 26, 32, 37, 44, 46, 55, 60, 66, 74, 79, 96,
97; and , C . I . Reactive Blue 1 , 2 , 7 , 14, 15,
23, 32, 35, 38, 41, 63, 80, 95. Any pigment, either an
inorganic pigment or an organic pigment, may be used
depending on the purpose. For example, the following
inorganic pigments may be used: titanium oxide, iron
oxide, calcium carbonate, barium sulfate, aluminum
hydroxide, barium yellow, cadmium red, chrome yellow,
and carbon black. Among them, carbon black is
especially preferable. Carbon blacks produced by a
contact method, a furnace method, or a thermal method
may be used. The following organic pigments, for
example, may be used: azo pigment, polycyclic pigment,
dye chelate, 



nitro pigment, nitroso pigment, and aniline black.
Especially, azo pigment and polycyclic pigment
arepreferable. A s an azo pigment, for example, azo
lake pigment, insoluble azo pigment, condensed azo
pigment, or chelate azo pigment may be used. A s a
polycyclic pigment, for example, phthalocyanine
pigment, perylene pigment, perynone pigment,
anthraquinone pigment, quinacridone pigment, dioxazine
pigment, indigo pigment, thioindigo pigment,
isoindolinon pigment, or quinofraron pigment may be
used. A s a dye chelate, for example, basic dye
chelate or acid dye chelate may be used. A pigment of
any color, for example, a black pigment or a color
pigment, may be used depending on the purpose. The
above substances may be used individually or in
combination. For a black ink, for example, the
following pigments may be used: a carbon black (C. I .
Pigment Black 11) such as furnace black, lamp black,
acetylene black, or channel black; a metallic pigment
such as copper, iron (C. I . Pigment Black 11), or
titanium oxide pigment; and an organic pigment such as
aniline black. For a yellow ink, for example, the
following pigments may be used: C . I . Pigment Yellow
1 (Fast Yellow G), 3 , 12 (Disazo Yellow AAA) , 13,
14, 17, 23, 24, 34, 35, 37, 42 (yellow iron oxide),
53, 55, 74, 81, 83 (Disazo Yellow HR) , 95, 97, 98,
100, 101, 104, 108, 109, 110, 117, 120, 128, 138, 150,
153.For a magenta ink, for example, the following
pigments may be used: C . I . Pigment Red 1 , 2 , 3 ,
5 17, 22 (Brilliant Fast Scarlet), 23, 31, 38, 48:2
(Permanent Red 2B (Ba)), 48:2 (Permanent Red 2B (Ca)),
48:3 (Permanent Red 2B (Sr)), 48:4 (Permanent Red
2B(Mn)), 49:1, 52:2, 53:1, 57:1 (Brilliant Carmine
6B), 60:1, 63:1, 63:2, 64:1, 81 (Rhodamine 6G lake),
83, 88, 92, 101 (colcothar) , 104, 105, 106, 108
(cadmium red), 112, 114, 122 (dimethyl quinacridone) ,
123, 146, 149, 166, 168, 170, 172, 177, 178, 179, 185,
190, 193, 209, 219. For a cyan ink, for example, the
following pigments may be used: C . I . Pigment Blue 1
, 2 , 15 (Copper Phthalocyanine Blue R), 15:1, 15:2,
15:3 (Phthalocyanine Blue G), 15:4, 15:6
(Phthalocyanine Blue E), 16, 17:1, 56, 60, 63. For
neutral colors such as red, green, and blue, for
example, the following pigments may be used: C . I . 



Pigment Red 177, 194, 224; C . I . Pigment Orange 43;
C . I . Pigment Violet 3 , 19, 23, 37; and C . I .
Pigment Green7, 36. A s a pigment, a self-dispersing
pigment is preferable. A self-dispersing pigment has
at least one type of hydrophilic group attached
directly or via another atomic group to its surface,
and is therefore stably dispersible without using a
dispersing agent. Especially, an ionic self-dispersing
pigment such as an anionic selfdispersing pigment or a
cationic self-dispersing pigment is preferable. The
volume average particle diameter of a selfdispersing
pigment is preferably between 0.01 and 0.16 mm in an
ink. Examples of anionic hydrophilic groups include
-COOM, -SO3M, -PO3HM, -PO3M2, -SO2NH2, and -SO2NHCOR
(in the formulas, M indicates a hydrogen atom, alkali
metal, ammonium, or organic ammonium; and R indicates
an alkyl group with 1-12 carbon atoms, a phenyl group
with or without a substituent group, or a naphthyl
group with or without a substituent group) . A color
pigment with -COOM or -SO3M attached to its surface is
especially preferable. Examples of alkali metals
indicated by M in the hydrophilic groups include
lithium, sodium, and potassium. Examples of organic
ammoniums include monomethyl or trimethyl ammonium,
monoethyl or triethyl ammonium, and monomethanol or
trimethanol ammonium. To attach -COONa to the surface
of a color pigment and thereby to obtain an anionic
color pigment, the color pigment is, for example,
oxidized with sodium hypochlorite, sulfonated, or
reacted with diazonium salt. As a cationic hydrophilic
group, a quaternary ammonium group is preferable.
Especially, quaternary ammonium groups represented by
the formulas shown below arepreferable. A colorant
containing a pigment with any one of the quaternary
ammonium groups attached to its surface is preferably
used. + -NH 3 + NR Any method may be used to produce a
cationic selfdispersing carbon black having a
hydrophilic group depending on the purpose. For
example, to attach an N-ethyl-pyridyl group
represented by the formula shown below, a carbon black
is processed with 3-amino-N-ethylpyridium bromide.A
hydrophilic group may be attached to the surface 



of a carbon black via another atomic group. A s such
an atomic group, for example, an alkyl group with 1-12
carbon atoms, a phenyl group with or without a
substituent group, or a naphthyl group with or without
a substituent group may be used. Exemplary
combinations of a hydrophilic group and an atomic
group to be attached to the surface of a carbon black
include -C2H4COOM (M indicates alkali metal or
quaternary ammonium) , - PhSO3M (Ph indicates a phenyl
group and M indicates alkali metal or quaternary
ammonium), and -C5H10NH3+. Also, a pigment dispersion
liquid with a pigment dispersing agent may be used.
Natural hydrophilic polymers usable as pigment
dispersing agents include vegetable polymers such as
acacia gum, tragacanth gum, goor gum, karaya gum,
locust bean gum, arabinogalactan, pectin, and quince
seed starch; seaweed polymers such as alginic acid,
carrageenan, and agar; animal polymers such as
gelatin, casein, albumin, and collagen; and microbial
polymers such as xanthene gum and dextran.
Semisynthetic polymers usable as pigment dispersing
agents include cellulose polymers such as methyl
cellulose, ethyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose,and carboxymethyl cellulose;
starch polymers such as sodium carboxymethyl starch
and starch glycolic acid sodium; and seaweed polymers
such as sodium alginate and propylene glycol esters
alginate. Synthetic polymers usable as pigment
dispersing agents include vinyl polymers such as
polyvinyl alcohol, polyvinylpyrrolidone, and polyvinyl
methyl ether; acrylic resins such as non-crosslinked
polyacryl amide, polyacrylic acid, alkali metal salt
of polyacrylic acid, and water-soluble styrene acrylic
resin; water-soluble styrenemaleic acid resin;
water-soluble vinylnaphthalene acrylic resin; water
soluble vinylnaphthalene-maleic acid resin,
polyvinylpyrrolidone; alkali metal salt of b-
naphthalenesulfonic acid formalin condensate; polymers
having a salt of a cationic functional group such as
quaternary ammonium or an amino group as a side chain,
and natural polymers such as shellac. Among them, a
copolymer with an introduced carboxyl group and made
up of a homopolymer of acrylic acid, methacrylic acid,
or styrene acrylic acid and a monomer having a
hydrophilic group is especially preferable. The
weight-average molecular weight of the above copolymer
is preferably in the range 3,000-50,000 and more
preferably in the range 7,000-15,000. 



The mass ratio of the pigment to the dispersing agent
is preferably between 1:0.06 and 1:3, and more
preferably between 1:0.125 and 1:3.The mass percentage
of a colorant in an ink is preferably between 6% and
15%, and more preferably between 8% and 12%. When the
mass percentage of a colorant is lower than 6%, the
tinting strength and the viscosity of the ink become
low. Low tinting strength results in low image density
and low viscosity may cause feathering and bleeding.
When the mass percentage of a colorant is more than
15%, the ink dries fast and may clog the nozzles on an
ink jet recording apparatus. Also, the viscosity of
the ink becomes very high and, as a result, the
penetration capability of the ink becomes low. Drops
of such an ink with high viscosity do not spread
smoothly and lead to low image density. Humect ant Any
humectant may be used depending on the purpose. For
example, a polyol compound, a lactam compound, a urea
compound, and a saccharide may be used individually or
in combination. Examples of polyol compounds include
polyhydric alcohols, polyhydric alcohol alkyl ethers,
polyhydric alcohol arylethers, nitrogen containing
heterocyclic compounds, amides, amines,
sulfur-containing compounds, propylene carbonate, and
ethylene carbonate. The above substances may be used
individually or in combination. Examples of polyhydric
alcohols include ethylene glycol, diethylene glycol,
triethylene glycol,polyethylene glycol, polypropylene
glycol, 1 ,3-propanediol, 1 ,3-butanediol, 1
,4-butanediol, 3-methyl-l, 3- butanediol, 1
,3-propanediol, 1 ,5-pentanediol, 1 , b-hexanediol,
glycerol, 1 ,2 ,6-hexanetriol, 1 ,2 ,4-butanetriol,
1,2,3- butanetriol, and petriol. Examples of
polyhydric alcohol alkyl ethers include ethylene
glycol monoethyl ether, ethylene glycol monobutyl
ether, diethylene glycol monomethyl ether, diethylene
glycol monoethyl ether, diethylene glycol monobutyl
ether, tetraethylene glycol monomethyl ether, and
propylene glycol monoethyl ether. Examples of
polyhydric alcohol aryl ethers include ethylene glycol
monophenyl ether and ethylene glycol monobenzyl ether.
- Examples of nitrogen containing heterocyclic
compounds include N-methyl-2-pyrrolidone,
N-hydroxyethyl-2- 



pyrrolidone, 2-pyrrolidone, 1 ,3-dimethyl
imidazolidinone, and e-caprolactam. Examples of amides
include formamide, Nmethylformamide, and
N,N-dimethylformamide. Examples of amines include
monoethanolamine, diethanolamine, triethanolamine,
monoethylamine, diethylamine, and triethylamine.
Examples of sulfur-containing compounds include
dimethyl sulfoxide, sulfolane, and thiodiethanol.Among
them, the following substances have excellent
solubility and beneficial effects in preventing
degradation of spray performance caused by evaporation
of moisture and are therefore preferable: glycerin,
ethylene glycol, diethylene glycol, triethylene
glycol, propylene glycol, dipropylene glycol,
tripropylene glycol, 1,3- butanediol, 2 ,3-butanediol,
1 ,4-butanediol, 3-methyl-l, 3- butanediol, 1
,3-propanediol, 1 ,5-pentanediol, tetraethylene
glycol, 1 ,6-hexanediol, 2-methyl-2, 4-pentanediol,
polyethylene glycol, 1 ,2 ,4-butanetriol, 1 ,2
,6-hexanetriol, thiodiglycol, 2-pyrrolidone,
N-methyl-2-pyrrolidone, and Nhydroxyethyl-
2-pyrrolidone . A s a lactam compound, for example, at
least any one of the following may be used:
2-pyrrolidone, N-methyl- 2-pyrrolidone,
N-hydroxyethyl-2-pyrrolidone, and e- caprolactam. As a
-urea compound, for example, at least any one of the
following may be used: urea, thiourea, ethyleneurea,
and 1 ,3-dimethyl-2-imidazolidinone. The mass
percentage of a urea compound in an ink is preferably
between 0.5% and 50%, and more preferably between 1%
and 20%. Examples of saccharides include
monosaccharide, disaccharide, oligosaccharide
(including trisaccharide and tetrasaccharide) ,
polysaccharide, and their derivatives.Among the above
saccharides, glucose, mannose, fructose, ribose,
xylose, arabinose, galactose, maltose, cellobiose,
lactose, sucrose, trehalose, and maltotriose are
preferable; and multitose, sorbitose, gluconolactone,
and maltose are especially preferable. Polysaccharides
are saccharides in a broad sense and may include
substances found in nature such as a- cyclodextrin and
cellulose. Examples of saccharide derivatives include
reducing sugar (for example, sugar alcohol: 



HOCH2 (CHOH) nCH2OH [n is an integer between 2 and
5]), oxidized saccharide (for example, aldonic acid
and uronic acid) , amino acid, and thioacid. Among the
above saccharide derivatives, a sugar alcohol is
especially preferable. Examples of sugar alcohols
include maltitol and sorbitol. The mass percentage of
a humectant in an ink is preferably between 10% and
50%, and more preferably between 20% and 35%. When the
amount of a humectant is very small, nozzles tend to
easily dry and the spray performance is reduced. When
the amount of a humectant is too large, the viscosity
of the ink may become too high. Penetrant As a
penetrant, for example, a water-soluble organic
solvent such as a polyol compound or a glycol
ethercompound may be used. Especially, a polyol
compound with 8 or more carbon atoms or a glycol ether
compound is preferable. When the number of carbon
atoms of a polyol compound is less than 8 , the
penetration capability of the ink may become
insufficient. An ink with low penetration capability
may smear a recording medium in duplex printing. Also,
since such an ink does not spread smoothly on a
recording medium, some pixels may be left blank, and
as a result, the quality of characters may be reduced
and the density of an image may become low. Examples
of polyol compounds with 8 or more carbon atoms
include 2-ethyl-l, 3-hexanediol (solubility: 4.2% (25
0C)) and 2,2,4 -trimethyl-1, 3-pentanediol
(solubility: 2.0% (25 0C)). Any glycol ether compound
may be used depending on the purpose. Examples of
glycol ether compounds include polyhydric alcohol
alkyl ethers such as ethylene glycol monoethyl ether,
ethylene glycol monobutyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether,
diethylene glycol monobutyl ether, tetraethylene
glycol monomethyl ether, and propylene glycol
monoethyl ether; and polyhydric alcohol aryl ethers
such as ethylene glycol monophenyl ether and ethylene
glycol monobenzyl ether. There is no specific limit to
the amount of a penetrant in an ink. However, the
amount of a penetrant ispreferably between 0.1 and 20
mass percent, and more preferably between 0.5 and 10
mass percent. Surfactant Any surfactant may be used
depending on the purpose. 



For example, an anion surfactant, a nonion surfactant,
an amphoteric surfactant, or a fluorinated surfactant
may be used. Examples of anion surfactants include
polyoxyethylene alkyl ether acetate,
dodecylbenzenesulfonate, laurylate, and salt of
polyoxyethylene alkyl ether sulfate. Examples of
nonion surfactants include acetylene glycol
surfactant, polyoxyethylene alkyl ether,
polyoxyethylene alkyl phenyl ether, polyoxyethylene
alkyl ester, and polyoxyethylene sorbitan fatty acid
ester. Examples of acetylene glycol surfactants
include 2,4,7,9-tetramethyl-5-desine-4, 7-diol, 3
,6-dimethyl-4-octine- 3,6-diol, and 3
,5-dimethyl-l-hexin-3-ol. For example, the following
acetylene glycol surfactants are available as
commercialized products: Surfynol 104, 82, 465, 485,
TG (Air Products and Chemicals, Inc.). Examples of
amphoteric surfactants include lauryl amino
propionate, lauryl dimethyl betaine, stearyl dimethyl
betaine, and lauryl dihydroxyethyl betaine. More
specifically, examples of amphoteric surfactants
include lauryl dimethyl amine oxide, myristyl dimethyl
amine oxide, stearyl dimethyl amine oxide,
dihydroxyethyl lauryl amine oxide,polyoxyethylene
coconut oil alkyldimethyl amine oxide, dimethyl alky 1
(coconut) betaine, and dimethyl lauryl betaine.
Especially, surfactants represented by chemical
formulas (I), (II), (III), (IV), (V), and (VI) shown
below are preferable . R1-O-(CH2CH2O )hCH2COOM (I) In
chemical formula (I) , Rl indicates an alkyl group
with 6-14 carbon atoms. The alkyl group may be
branched; h is an integer between 3 and 12; M
indicates alkali metal ion, quaternary ammonium,
quaternary phosphonium, or alkanolamine . In chemical
formula (II), R2 indicates an alkyl group with 5-16
carbon atoms. The alkyl group may be branched; M
indicates alkali metal ion, quaternary ammonium,
quaternary phosphonium, or alkanolamine. In chemical
formula (III) , R3 indicates a hydrocarbon radical,
for example, an alkyl group with 6-14 carbon atoms.
The alkyl group may be branched; k is an integer
between 5 and 20.R^(OCH 2C H2)O H OV) In chemical
formula (IV) , R 4 indicates a hydrocarbon radical,
for example, an alkyl group with 6-14 carbon atoms; j
i s an integer between 5 and 20. 



CH3 H- (OCH2CH2)L- (OCHCH2)p-R6 (v ) In chemical
formula (V) R 6 indicates a hydrocarbon radical, for
example, an alkyl group with 6-14 carbon atoms. The
alkyl group may b e branched. L and p are integers
between 1 and 20. In chemical formula (VI) , q and r
are integers between 0 and 40. The surfactants
represented b y chemical formulas (I) and (II) are
shown in free acid forms below.
(I-1):CH3(CH2)12O(CH2CH2O )3CH2COOH
(I-2):CH3(CH2)12O(CH2CH2O )4CH2COOH
(I-3):CH3(CH2)12O(CH2CH2O )5CH2COOH
(I-4):CH3(CH2)12O(CH2CH2O )6CH2COOH(1-5) : CH3 (CH2)
nCHO CH CH O gCHzCOOH I CH3 (1-6) : CH3 (CH2) 6CH0
(CH2CH2O) 3CH2C00H I (CH2) 5CH3 CH3 CH3 I I CH2COOCHCH
2CHCH 3 I ( 11-1) : HO3S-CHCOOCHCH 2CHCH 3 I I CH3 CH3
CH3 I CH2COOCHCH 2CH2CH2CH3 I ( I I-2) :
HO3S-CHCOOCHCH 2CH2CH2CH3 I CH3 CH (CH3) I CH2COOCHCH
(CH3) 2 I CI I -3) : HO3S-CHCOOCHCH (CH3) 2 I CH (CH3)
2 CH2COOCH 2CH2CH (CH3) 2 I ( I I-4) : HO3S-CHCOOCH
2CH2CH (CH3) 2 A fluorinated surfactant represented by
chemical formula (A) below i s preferably used. 



CF3CF2(CF2CF2 - CH2CH2O(CH2CH2O)nH (A) In chemical
formula (A) m indicates an integer between 0 and 10,
and n indicates an integer between 1 and 40 .Examples
of fluorinated surfactant include a perfluoroalkyl
sulfonic acid compound, a perfluoroalkyl carvone
compound, a perfluoroalkyl phosphoric ester compound,
a perfluoroalkyl ethylene oxide adduct, and a
polyoxyalkylene ether polymer compound having a perf
luoroalkylether group as a side chain. Among them, a
polyoxyalkylene ether polymer compound having a perf
luoroalkylether group as a side chain has a low
foaming property and a low fluorine compound
bioaccumulation potential and is therefore especially
preferable in terms of safety. Examples of
perfluoroalkyl sulfonic acid compounds include
perfluoroalkyl sulfonic acid and perfluoroalkyl
sulfonate. Examples of perfluoroalkyl carvone
compounds include perfluoroalkyl carboxylic acid and
perfluoroalkyl carboxylate . Examples of
perfluoroalkyl phosphoric ester compounds include
perfluoroalkyl phosphoric ester and salt of
perfluoroalkyl phosphoric ester. Examples of
polyoxyalkylene ether polymer compounds having a
perfluoroalkylether group as a side chain include a
polyoxyalkylene ether polymer having a
perfluoroalkylether group as a side chain, a sulfate
ester salt of a polyoxyalkylene ether polymer having a
perfluoroalkylethergroup as a side chain, and a salt
of a polyoxyalkylene ether polymer having a
perfluoroalkylether group as a side chain. Counter
ions of salts in the above fluorinated surfactants
include Li, Na, K , NH4, NH3CH2CH2OH, NH2 (CH2CH2OH)2,
and NH (CH2CH20H) 3 . Fluorinated surfactants created
for the present invention or those available as
commercial products may be used. Commercially
available fluorinated surfactants include Surflon
S-Hl, S-112, S-113, S-121, S-131, S-132, S- 141, S-145
(Asahi Glass Co., Ltd.); Fluorad FC-93, FC-95, FC- 98,
FC- 12 9 , FC-135, FC-170C, FC-430, FC-431 (Sumitomo
3M Limited); Megafac F-470, F1405, F-474 (Dainippon
Ink and Chemicals, Incorporated) ; Zonyl TBS, FSP,
FSA, FSN-100, FSN, FSO-100, FSO, FS-300, UR (DuPont) ;
FT-IlO, FT-250, FT-251, FT- 400S, FT-150, FT-400SW
(NEOS Co. Ltd.); and PF-151N (Omnova 



Solutions, Inc.). Among them, in terms of reliability
and color development, Zonyl FSN, FSO-100, and FSO
(DuPont) are especially preferable. Other components
Examples of other components in an ink include, but
are not limited to, a resin emulsion, a pH adjuster,
an antiseptic or a fungicide, a rust inhibitor, an
antioxidant, an ultraviolet absorber, an oxygen
absorber, and a light stabilizer.Resin emulsion A
resin emulsion is made by dispersing resin
microparticles in water as a continuous phase and may
contain a dispersing agent such as a surfactant. The
mass percentage of the resin micro-particles as a
component of the disperse phase in a resin emulsion is
preferably between 10% and 70%. The average particle
diameter of the resin micro-particles, especially for
ink jet recording apparatuses, is preferably between
10 and 1000 ran, and more preferably between 20 and
300 ran. Examples of resin micro-particle materials
include, but are not limited to, acrylic resin, vinyl
acetate resin, styrene resin, butadiene resin,
styrene-butadiene resin, vinyl chloride resin,
styrene-acrylic resin, and acrylic silicone resin.
Especially, acrylic silicone resin is preferable.
Resin emulsions created for the present invention or
those available as commercial products may be used.
Examples of commercially available resin emulsions
include Microgel E-1002, E-5002 (styrene-acrylic resin
emulsion, Nippon Paint Co., Ltd.); VONCOAT 4001
(acrylic resin emulsion, Dainippon Ink and Chemicals,
Incorporated) ; VONCOAT 5454 (styrene-acrylic resin
emulsion, Dainippon Ink and Chemicals, Incorporated) ;
SAE-1014 (styrene-acrylic resin emulsion, ZEON
Corporation) ; Saibinol SK-200 (acrylic resin
emulsion, Saiden Chemical Industry Co., Ltd.); Primal
AC-22,AC- 61 (acrylic resin emulsion, Rohm and Haas
Company) ; Nanocryl SBCX-2821, 3689 (acrylic silicone
resin, Toyo Ink Mfg. Co., Ltd.); and #3070 (methyl
methacrylate polymer resin emulsion, Mikuni Color Ltd.
). The mass percentage of the resin microparticles in
a resin emulsion is preferably between 0.1% and 50%,
more preferably between 0.5% and 20%, and further
preferably between 1% and 10%. When the mass
percentage of the resin microparticles is less than
0.1%, the resin emulsion may not be able to prevent
clogging or may not be able to improve 



spray stability. When the mass percentage of the resin
microparticles is more than 50%, the preservation
stability of the ink may be reduced. Examples of
antiseptics or fungicides include 1,2-
benzisothiazolin-3-on, sodium dehydroacetate, sodium
sorbate, 2-pyridinethiol-l-oxide sodium, sodium
benzoate, and pentachlorophenol sodium. Any pH
adjuster that does not have negative effects on an ink
and adjusts the pH of an ink to 7 or higher may be
used depending on the purpose. Examples of pH
adjusters include amines such as diethanolamine and
triethanolamine; hydroxides of alkali metals such as
lithium hydroxide, sodium hydroxide, and potassium
hydroxide; and carbonates of alkali metals such as
ammonium hydroxide, quaternary ammonium hydroxide,
quaternaryphosphonium hydroxide, lithium carbonate,
sodium carbonate, and potassium carbonate. Examples of
rust inhibitors include acidic sulfite, sodium
thiosulfate, ammonium thiodiglycolic acid, diisopropyl
ammonium nitrite, pentaerythritol tetranitrate, and
dicyclohexyl ammonium nitrite. As antioxidants,
phenolic antioxidants (including hindered phenol
antioxidants), amine antioxidants, sulfur
antioxidants, and phosphorus antioxidants may be used.
Examples of phenolic antioxidants (including hindered
phenol antioxidants) include butylated hydroxyanisole,
2 ,b-di-tert-butyl-4-ethylphenol, stearyl- b-
(3,5-di-tert-butyl- 4-hydroxyphenyl )propionate,
2,2'-methylenebis (4-methyl-6-tertbutylphenol) , 2,2'
-methylenebis (4-ethyl-6-tert-butylphenol) , 4,4'
-butylidenbis (3-methyl-6-tert-butylphenol) , 3 ,9-bis
[1,1- dimethyl-2- [b-
(3-tert-butyl-4-hydroxy-5-methylphenyl) propionyloxyt]
ethyl] 2,4,8, 10-tetraixaspiro [5, 5 ]undecane, 1,1,
3-tris (2-methyl-4-hydroxy-5-tert-butylphenyl) butane,
1 ,3 ,5-trimethyl-2, 4 , 6-tris (3, 5-di-tert-butyl-4-
hydroxybenzyl) benzene, and tetrakis [methylene-3 (3'
,5'-di-tertbutyl- 4 '-hydroxyphenyl )propionate]
methane . Examples of amine antioxidants include
phenyl- b- naphthylamine, a-naphthyl amine,
N,N'-di-sec-butyl-pphenylenedi amine, N ,N
'-diphenyl-p-phenylenediamine, 2,6-ditert-
butyl-p-cresol, 2 ,6-di-tert-butylphenol, 2,4-
dimethyl-6-tert-butyl-phenol, butylhydroxyanisol,
2,2'-methylenebis (4- methyl-6-tert-butylphenol) , 4
,4 '-butylidenbis (3-methyl-6-tertbutylphenol) , 4
,4'-thiobis (3-methyl-6-tert-butylphenol) , tetrakis
[methylene-3 (3, 5-di-tert-butyl-4- 



dihydroxyphenyl) propionate] methane, and 1 ,1 ,3-tris
(2-methyl-4- hydroxy-5-tert-butylphenyl )butane .
Examples of sulfur antioxidants include dilauryl3, 3
-thiodipropionate, distearyl thiodipropionate, lauryl
stearyl thiodipropionate, dimyristyl3, 3 '-
thiodipropionate, distearyl b,b'- thiodipropionate, 2-
mercaptobenzoimidazole, and dilauryl sulfide. Examples
of phosphorus antioxidants include triphenyl
phosphite, octadecyl phosphite, triisodecyl phosphite,
trilauryl trithiophosphite, and trinonyl phenyl
phosphate. Examples of ultraviolet absorbers include a
benzophenone ultraviolet absorber, a benzotriazole
ultraviolet absorber, a salicylate ultraviolet
absorber, a cyanoacrylate ultraviolet absorber, and a
nickel complex salt ultraviolet absorber. Examples of
benzophenone ultraviolet absorbers include
2-hydroxy-4-n-octoxybenzophenone, 2-hydroxy-
4-ndodecyloxy benzophenone, 2
,4-dihydroxybenzophenone, 2-hydroxy-
4-methoxybenzophenone, and 2,2' ,4 ,4
'-tetrahydroxybenzophenone . Examples of benzotriazole
ultraviolet absorbersinclude 2- (2
'-hydroxy-5'-tert-octylphenyl)benzotriazole, 2- (2
'-hydroxy-5 '-methylphenyl) benzotriazole, 2- (2
'-hydroxy-4 '- octoxyphenyl) benzotriazole, and 2-
(2'- hydroxy-3 '-tert-butyl- 5 '-methylphenyl
)-5-chlorobenzotriazole. Examples of salicylate
ultraviolet absorbers include phenyl salicylate,
p-tert-butylphenylsalicylate, and
p-octylphenylsalicylate . Examples of cyanoacrylate
ultraviolet absorbers include ethyl-2-cyano-3, 3
'-diphenylacrylate, methyl-2-cyano-3- methyl-3-
(p-methoxyphenyl) acrylate, and butyl-2-cyano-3-metyl-
3- (p- methoxyphenyl )acrylate . Examples of nickel
complex salt ultraviolet absorbers include nickelbis
(octylphenyl) sulfide, 2,2'- tiobis
(4-tert-octylphalate) -n-butylaminenickel (II) 2,2'-
tiobis (4-tert- octylphalate) -2-ethylhexylaminenickel
(II) , and 2,2'-tiobis (4-tert-octylphalate)
triethanolaminenickel (II) . An ink of an ink media
set according to an embodiment of the present
invention contains at least water, a colorant, and a
humectant, and may also include a penetrant, a
surfactant, and other components. To prepare an ink,
the above components are dispersed or dissolved in an
aqueous medium. The solution may be stirred if needed.
To disperse 



the components, for example, a sand mill, a
homogenizer, a ball mill, a paint shaker, or an
ultrasound dispersing machine may be used. To stir the
solution, a normal stirring machinehaving stirring
blades, magnetic stirrer, or a high-speed dispersing
machine may be used. At a temperature of 20 0C , the
viscosity of an ink is preferably between 1 and 30 cps
(centi pore size) , and more preferably between 2 and
20 cps. When the viscosity is higher than 20 cps,
spray stability may be reduced. The pH of an ink is
preferably between 7 and 10. Colors of inks include,
but not limited to, yellow, magenta, cyan, and black.
A multi-color image can be formed with two or more
color inks. A full-color image can be formed with the
four color ink. Examples Detailed embodiments of the
present invention are described below. However, the
present invention is not limited to the specifically
disclosed embodiments. (Preparation example 1 ) -
Preparation of dispersion of polymer microparticles
containing copper phthalocyanine pigment - To prepare
a dispersion of polymer micro-particles containing a
copper phthalocyanine pigment, the air in a 1 L flask
with a mechanical stirrer, a thermometer, a nitrogen
gas inlet tube, a reflux tube, and a dropping funnel
was replaced sufficiently with nitrogen gas; the 1 L
flask was charged with 11.2 g of styrene, 2.8 g of
acrylic acid, 12.0 g of lauryl methacrylate, 4.0 g of
polyethylene glycol methacrylate, 4.0 gof styrene
macromer (Toagosei Co., Ltd., brand name: AS-6), and
0.4 g of mercaptoethanol ; and the temperature was
raised to 65 0C . Then, a mixed solution of 100.8 g
styrene, 25.2 g of acrylic acid, 108.0 g of lauryl
methacrylate, 36.0 g of polyethylene glycol
methacrylate, 60.0 g of hydroxyethyl methacrylate,
36.0 g of styrene macromer (Toagosei Co., Ltd., brand
name: AS-6), 3.6 g of mercaptoethanol, 2.4 g of
azobisdimethylvaleronitrile, and 18.0 g of methyl
ethyl ketone was dripped into the 1 L flask for 2.5
hours. After the dripping was completed, a mixed
solution of 0.8 g of azobisdimethylvaleronitrile and
18.0 g of methyl ethyl ketone was dripped into the 1 L
flask for 0.5 hours. The resulting solution was
matured for 1 hour at the temperature of 65 0C , 0.8 g
of azobisdimethylvaleronitrile was added to the
solution, and then the solution. was matured further
for 1 hour. After the reaction stopped, 364 g of 



methyl ethyl ketone was put into the 1 L flask. As a
result, 800 g of polymer solution with a concentration
of 50 mass% was obtained. A portion of the obtained
polymer solution was dried and its weight-average
molecular weight (Mw) was measured by gel permeation
chromatography (standard: polystyrene, solvent:
tetrahydrofuran) . The weight-average molecular weight
was 15,000. Next, 28 g of the obtained polymer
solution, 26 g of copper phthalocyanine pigment, 13.6
g of 1 mol/L potassiumhydroxide solution, 20 g of
methyl ethyl ketone, and 30 g of ion-exchanged water
were mixed and stirred sufficiently. The resulting
substance was kneaded 20 times using the Tripole Roll
Mill (Noritake Co., Limited, brand name: NR-84A) . The
obtained paste was put in 200 g of ion-exchanged water
and stirred. Methyl ethyl ketone and water in the
liquid was distilled away by using an evaporator. A s
a result, 160 g of polymer micro-particle dispersion
with a cyan color was obtained. The solid content of
the polymer micro-particle dispersion was 20.0 mass%.
The average particle diameter (D50%) of the polymer
micro-particles in the polymer micro-particle
dispersion was measured with a particle size
distribution analyzer (Microtrac UPA, Nikkiso Co.,
Ltd.). The average particle diameter was 93 run.
(Preparation example 2 ) - Preparation of dispersion
of polymer microparticles containing dimethyl
quinacridone pigment - A polymer micro-particle
dispersion with magenta color was prepared in
substantially the same manner as the preparation
example 1 , except that C . I . Pigment Red 122 was
used instead of a copper phthalocyanine pigment. The
average particle diameter (D50%) of the polymer
micro-particles in the polymer micro-particle
dispersion was measured with a particle size
distribution analyzer (MicrotracUPA, Nikkiso Co.,
Ltd.)- The average particle diameter was 127 run.
(Preparation example 3 ) - Preparation of dispersion
of polymer microparticles containing monoazo yellow
pigment - A polymer micro-particle dispersion with a
yellow color was prepared in substantially the same
manner as the preparation example 1 , except that C .
I . Pigment Yellow 74 was used instead of a copper
phthalocyanine pigment. The average particle diameter
(D50%) of the polymer 



micro-particles in the polymer micro-particle
dispersion was measured with a particle size
distribution analyzer (Microtrac UPA, Nikkiso Co.,
Ltd.). The average particle diameter was 76 nm.
(Preparation example 4 ) - Preparation o f dispersion
of carbon black processed with sulfonating agent - To
prepare a carbon black dispersion, 150 g o f a
commercially available carbon black pigment (Printex
#85, Degussa) was mixed in 400 m l o f sulfolane; the
solution was micro-dispersed with a beads mill; 15 g
of amidosulfuric acid was added to the solution; and
then the solution was stirred for 10 hours at 140-150
C. The obtained slurry was put in 1000 m l of
ion-exchanged water, and the solution was centrifuged
at 12,000 rpm. A s a result, a surfacetreated carbon
black wet cake was obtained. The obtained carbon black
wet cake was dispersed again in 2,000 ml of
ion-exchanged water; the pH of the solution was
adjusted with lithium hydroxide; the solution was
desalted/condensed using an ultrafilter; and then the
solution was filtered with a nylon filter with an
average pore diameter of 1 mm . A s a result, a black
carbon dispersion with a pigment concentration of 10
mass% was obtained. The average particle diameter
(D50%) of the micro-particles in the carbon black
dispersion was measured with a particle size
distribution analyzer (Microtrac UPA, Nikkiso Co.,
Ltd.). The average particle diameter was 80 nm.
(Production example 1 ) - Production of cyan ink - To
produce a cyan ink, 20.0 mass% of the dispersion of
polymer micro-particles containing a copper
phthalocyanine pigment prepared in the preparation
example 1 , 23.0 mass% of 3-methyl-l, 3-butanediol,
8.0 mass% of glycerin, 2.0 mass% of 2-ethyl-l,
3-hexanediol, 2.5 mass% of FS-300 (DuPont) used as a
fluorinated surfactant, 0.2 mass% of Proxel LV (Avecia
KK) used as an antiseptic or a fungicide, 0.5 mass% of
2-amino-2-ethyl-l, 3-propanediol, and a certain amount
of ion-exchanged water were mixed (100mass% in total)
; and the mixture was filtered using a membrane filter
with an average pore diameter of 0.8 mm . (Production
example 2 ) - Production of magenta ink - To produce a
magenta ink 20.0 mass% of the 



dispersion of polymer micro-particles containing a
dimethyl quinacridone pigment prepared in the
preparation example 2 , 22.5 mass% of 3-methyl-l,
3-butanediol, 9.0 mass% of glycerin, 2.0 mass% of
2-ethyl-l, 3-hexanediol, 2.5 mass% of FS-300 (DuPont)
used as a fluorinated surfactant, 0.2 mass% of Proxel
LV (Avecia KK) used as an antiseptic or a fungicide,
0.5 mass% of 2-amino-2-ethyl-l, 3-propanediol, and a
certain amount of ion-exchanged water were mixed (100
mass% in total) ; and the mixture was filtered using a
membrane filter with an average pore diameter of 0.8
mm . (Production example 3 ) - Production of yellow
ink - To produce a yellow ink, 20.0 mass% of the
dispersion of polymer micro-particles containing a
monoazo yellow pigment prepared in the preparation
example 3 , 24.5 mass% of 3-methyl-l, 3-butanediol, 8
mass% of glycerin, 2.0 mass% of 2-ethyl-l,
3-hexanediol, 2.5 mass% of FS-300 (DuPont) used as a
fluorinated surfactant, 0.2 mass% of Proxel LV (Avecia
KK) used as an antiseptic or a fungicide, 0.5 mass% of
2-amino-2-methyl-l, 3-propanediol, and acertain amount
of ion-exchanged water were mixed (100 mass% in total)
; and the mixture was filtered using a membrane filter
with an average pore diameter of 0 .8 mm . (Production
example 4 ) - Production of black ink - To produce a
black ink, 20.0 mass% of the carbon black dispersion
prepared in the preparation example 4 , 22.5 mass% of
3-methyl-l, 3-butanediol, 7.5 mass% of glycerin, 2.0
mass% of 2-pyrrolidone, 2.0 mass% of 2-ethyl- 1 ,
3-hexanediol, 2.5 mass% of FS-300 (DuPont) used as a
fluorinated surfactant, 0.2 mass% of Proxel LV (Avecia
KK) used as an antiseptic or a fungicide, 0.5 mass% of
2-amino- 2-methyl-l, 3-propanediol, and a certain
amount of ionexchanged water were mixed (100 mass% in
total) ; and the mixture was filtered using a membrane
filter with an average pore diameter of 0.8 mm . The
surface tensions and viscosities of the inks produced
in the production examples 1 through 4 were measured
as described below. The results are shown in table 3
below. <Measurement of viscosity> The viscosities of
the inks were measured at 25 0C with the R-500
Viscometer of Toki Sangyo Co., Ltd. 



(cone 1  34' x R24, 60 rpm, after 3 minutes) .
<Measurement of surface tension>The static surface
tensions of inks were measured at 25 0C with a surface
tensiometer (CBVP-Z of Kyowa Interface Science Co.,
Ltd.) using a platinum plate. Table 3 - Production of
the support material - The support material with a
grammage of 79 g/m2 was produced using a Fourdrinier
from 0.3 mass% slurry made of materials in the formula
below. In the size press step of the papermaking
process, an oxidized starch solution was applied on
the support material. The solid content of the
oxidized starch on the support material was 1.0 g/m2 .
Leaf bleached kraft pulp (LBKP) 80 mass% Needle
bleached kraft pulp (NBKP) 20 mass% Precipitated
calcium carbonate (brand name: TP-121, Okutama Kogyo
Co., Ltd.) 10 mass% Aluminum sulfate 1.0 mass%
Amphoteric starch (brand name: Cato3210, Nippon NSC
Ltd. )1.0 mass%Neutral rosin size (brand name: NeuSize
M-IO, Harima Chemicals, Inc.) 0.3 mass% Retention aid
(brand name: NR-IlLS, HYMO Co., Ltd.) 0.02 mass%
(Production example 5 ) - Production of recording
medium 1 - A coating liquid with a solid content
concentration of 60 mass% was produced by mixing 70
mass% of clay used as a pigment in which clay 97 mass%
of particles have a diameter of 2 mm or smaller; 30
mass% of heavy calcium carbonate with an average
particle diameter of 1.1 mm ; 8 mass% of
styrene-butadiene copolymer emulsion, used as an
adhesive, with a glass-transition temperature (Tg) of
-5 C; 1 mass% of phosphoric esterified starch; 0.5
mass% of calcium stearate used as an aid; and water.
To produce the recording medium 1 , the obtained
coating liquid was applied on both sides of the above
support material so that 8 g/m2 of solid content of
the coating liquid adheres to each side using a blade
coater; and the base material was dried by hot air and
super calendered. (Production example 6 ) - Production
of recording medium 2 - A coating liquid with a solid
content 



concentration of 60 mass% was produced by mixing 70
mass%of clay used as a pigment in which clay 97 mass%
of particles have a diameter of 2 mm or smaller; 30
mass% of heavy calcium carbonate with an average
particle diameter of 1.1 mm ; 7 mass% of
styrene-butadiene copolymer emulsion, used as an
adhesive, with a glass-transition temperature (Tg) of
-5 0C ; 0.7 mass% of phosphoric esterified starch; 0.5
mass% of calcium stearate used as an aid; and water.
To produce the recording medium 2 , the obtained
coating liquid was applied on both sides of the above
support material so that 8 g/m2 of solid content of
the coating liquid adheres to each side using a blade
coater; and the base material was dried by hot air and
super calendered. (First embodiment) - Ink set,
recording medium, and image recording - By a
conventional method, an ink set 1 made up of the cyan
ink produced in the production example 1 , the magenta
ink produced in the production example 2 , the yellow
ink produced in the production example 3 , and the
black ink produced in the production example 4 was
prepared. Images were printed on the recording medium
1 with the ink set 1 (largest ink drop size: 18 pi) at
an image resolution of 600 dpi using a 300 dpi drop on
demand printer prototype apparatus having nozzles with
a nozzleresolution of 384 according to an embodiment
of the present invention. The total amount of ink per
unit area for a secondary color was limited to 140%
and solid-color images and characters were formed.
(Second embodiment) - Ink set, recording medium, and
image recording - Images were formed in substantially
the same manner as the first embodiment, except that
the recording medium 2 was used as a recording medium.
(Third embodiment) - Ink set, recording medium, and
image recording - Images were formed in substantially
the same manner as the first embodiment, except that a
commercially available coated paper for gravure
printing (brand name: Space DX, grammage = 56 g/m2,
Nippon Paper Industries Co., Ltd.) (hereafter called a
recording medium 3 ) was used as a 



recording medium. (Comparative example 1 ) - Ink set,
recording medium, and image recording - Images were
formed in substantially the same manner as the first
embodiment, except that a commercially available
coated paper for offset printing (brand name:Aurora
Coat, grammage = 104.7 g/m2, Nippon Paper Industries
Co., Ltd.) (hereinafter it is called a recording
medium 4 ) was used as a recording medium.
(Comparative example 2 ) Images were formed in
substantially the same manner as the first embodiment,
except that a commercially available mat coated paper
for ink-jet printing (brand name: Paper for exclusive
use of super Fine, Seiko Epson Co., Ltd.) (hereafter
called a recording medium 5 ) was used as a recording
medium. For each of the recording medium 1 , the
recording medium 2 , the recording medium 3 , the
recording medium 4 and the recording medium 5 , the
amount of transferred pure water and the amount of
transferred cyan ink produced in the production
example 1 were measured as described below using a
dynamic scanning absorptometer . The results are shown
in table 4. <Measurement of amounts of transferred
pure water and cyan ink with dynamic scanning
absorptometer> For each of the above recording media,
the amounts of transferred pure water and cyan ink
were measured using a dynamic scanning absorptometer
(K350 series, type D , Kyowa Co., Ltd.) at temperature
of 25 0C , relative humidity of 50% RH. The amounts of
transferred pure water and cyan ink at a contact time
of 100 ms and 400ms were obtained by interpolation,
using the transferred amounts measured at time points
around each contact time. Table 4 Qualities of the
images printed in the first through third embodiments
and comparative examples were evaluated in terms of
beading, bleeding, spur marks, and glossiness. The
results are shown in table 5 . <Beading> The degree of
beading in the printed green solid-color image was
evaluated by eye observation according to the
evaluation criteria below. [Evaluation criteria] 



AA: No beading is observed and image is evenly
printed. BB: Beading is slightly observed. CC: Beading
is clearly observed. DD: Excessive beading is
observed. <Bleeding>The degree of bleeding of the
printed black characters in the yellow background was
evaluated by eye observation according to the
evaluation criteria below. [Evaluation criteria] AA:
No bleeding is observed and characters are clearly
printed. BB: Bleeding is slightly observed. CC:
Bleeding is clearly observed. DD: Excessive bleeding
is observed and outlines of characters are blurred.
<Spur marks> The degree of spur marks in the printed
images was evaluated by eye observation according to
the evaluation criteria below. [Evaluation criteria]
AA: No spur mark is observed. BB: Spur marks are
observed slightly. CC: Spur marks are clearly
observed. DD: Excessive spur marks are observed.
<Glossiness> 60 degrees mirror surface glossiness (JIS
Z8741) of matted picture part of cyan of each picture
print was measured. Table 5According to the table 5 ,
in each of the first through third embodiments,
combinations of the ink and the recording medium were
performed; that is, the combination is such that the
ink containing at least water, the colorant, and the
humectant and having the surface tension between 20
and 35 mN/m at 250C ; and the recording medium, in
which the amount of ink transferred onto which
recording medium measured by a dynamic scanning
absorptometer is between 4 and 15 ml/m 2 at a contact
time of 100 ms and between 7 and 20 ml/m 2 at a
contact time of 400 ms were used as an ink-recording
medium set. Compared with the ink-recording medium
sets used in the comparative examples 1 through 2 ,
the ink-recording medium sets used in the first
through third embodiments showed excellent evaluation
results in terms of beading, bleeding, spur marks, and
glossiness. 



The present invention is not limited to the
specifically disclosed embodiment, and variations
andmodifications may be made without departing from
the scope of the present invention. For example, it is
explained that the nozzle plate 2 is treated by the Ni
electrocasting, but if materials of the ink repellent
layer can be applied, for example, even various metals
such as SUS (Super Use Stainless) are preferable, and
also various resins are preferable. In addition, when
the ink repellent layer is formed on the surface of
the base material of the ink jet head, materials of
the ink repellent layer may be coated after removing
the oxidation membrane of the surface of the base
material (the nozzle plate 2 ) or the ink repellent
layer may be coated after forming the intermediate
layer. A s the intermediate layer (primer) , for
example, "primer D" manufactured by Toray Dow Corning
can be used and it is recognized that the adhesive is
good. Also, materials of the ink repellent layer may
be coated after the under coat of the surface of the
base material is done rudely by Ni strike plating. The
present application is based on Japanese priority
application No. 2006-023563 filed on January 31, 2006,
the entire contents of which are hereby incorporated
by reference.CLAIMS 1 . A recording method with an ink
ejected by an ink jet head, in which ink jet head an
ink repellent layer is formed on a surface of a nozzle
plate of the ink jet head so that an opening portion
for liquid ejections is established, the ink jet head
being formed such that a cross-sectional area for a
neighborhood of the opening portion of the ink
repellent layer in a plane which is perpendicular to a
centerline of the opening portion grows big
sequentially as the cross-sectional area is further
separated from the surface of the nozzle plate,
wherein the amount of the ink transferred onto a
recording medium during a contact time of 100 ms
measured by a dynamic scanning absorptometer with
environmental conditions of temperature 23 0C and
relative humidity 50% RH is between 4 and 15 ml/m 2,
and the amount of the ink transferred onto the
recording medium during a contact time of 400 ms
measured by the dynamic scanning absorptometer with
the environmental conditions of temperature 23 0C and
relative humidity 50% RH is between 7 and 20 ml/m 2. 



2 . The recording method as claimed in claim 1 ,
wherein the amount of a pure water transferred onto
the recording medium during the contact time of 100 ms
measured by the dynamic scanning absorptometer with
theenvironmental conditions 23 0C and 50% RH is
between 4 and 26 ml/m2 and the amount of the pure
water transferred onto the recording medium during the
contact time of 400 ms measured by the dynamic
scanning absorptometer with the environmental
conditions 23 0C and 50% RH is between 5 and 29 ml/m2.
3 . The recording method as claimed in claim 1 ,
wherein the recording medium is composed of a support
material and at least one coating layer on a surface
of the support material. 4 . The recording method as
claimed in claim 3 , wherein the recording medium is
composed of at least the support material and the
coating layer, and a solid content of the coating
layer is between 0.5 and 20 g/m2. 5 . The recording
method as claimed in claim 1 , wherein the grammage of
the recording medium is between 50 and 250 g/m2. 6 .
The recording method as claimed in claim 1 , wherein
the recording medium is supercalendered. 7 . The
recording method as claimed in claim 1 , wherein the
recording medium contains kaolin as apigment . 8 . The
recording method as claimed in claim 1 , wherein the
recording medium contains heavy calcium carbonate as a
pigment. 9 . The recording method as claimed in claim
1 , wherein the recording medium contains a
water-based resin. 10. The recording method as claimed
in claim 9 , wherein the water-based resin is a
water-soluble resin or a water-dispersible resin. 11.
The recording method as claimed in claim 1 , wherein
the ink contains at least water, a colorant, and a
humectant. 12. The recording method as claimed in
claim 1 , wherein a surface tension of the ink at a
temperature of 25 C is between 15 and 40 mN/m. 13. The
recording method as claimed in claim 1 , wherein the
ink contains a dispersible colorant and an average
particle diameter of the dispersible colorant
isbetween 0.01 and 0.16 mpi . 14. The recording method
as claimed in claim 1 , 



wherein a viscosity of the ink at a temperature of 25
0C is between 1 and 30 mPa  sec. 15. The recording
method as claimed in claim 1 , wherein the ink
contains a fluorinated surfactant. 16. A printed
matter recorded in a recording medium with an ink
ejected by an ink jet head, in which ink jet head an
ink repellent layer is formed on a surface of a nozzle
plate of the ink jet head so that an opening portion
for liquid ejections is established, the ink jet head
being formed such that a cross-sectional area for a
neighborhood of the opening portion of the ink
repellent layer in a plane which is perpendicular to a
centerline of the opening portion grows big
sequentially as the cross-sectional area is further
separated from the surface of the nozzle plate,
wherein the amount of the ink transferred onto the
recording medium during a contact time of 100 m s
measured by a dynamic scanning absorptometer with
environmental conditions of temperature 23 0C and
relative humidity 50% RH is between 4 and 15 ml/m 2,
and the amount of the ink transferred onto the
recording medium during a contact time of 400 m s
measured bythe dynamic scanning absorptometer with the
environmental conditions of temperature 23 0C and
relative humidity 50% RH is between 7 and 20 ml/m2. 




