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(57) Abréegée/Abstract:

The object of the Invention Is to provide a papermaking felt, wherein the basic functions are well balanced, which does not have
any wet paper web transfer deficiencies due to meandering, or the like, wherein free space of a felt, in which the effect of the press
pressure and the hydraulic pressure Is scarcely conveyed to the wet paper web, Is set to the suitable amount for the initial warming-
up period from the start so that the initial warming-up period is shortened, and wherein water squeezing does not deteriorate due to
premature decline of water permeability and due to the Inability to maintain compressibility by excessive compaction and
accumulation of dirt. The object Is achieved by a papermaking felt made from a base material 1 and batt layers 2, 3 provided at
least on the wet paper web carrying-side layer; wherein a water-absorbing resin 4 is included in the batt layer 2 of the felt. The base
material 1 may either have an endless shape, or an open-ended felt may be connected into an endless shape In a papermaking

machine. The water-absorbing resin in the felt may either stay in the front batt layer 2 (Fig. 1), or it may also reach the base material
1 or the rear batt layer 3 (Fig.2).
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ABSTRACT

The object of the invention is to provide a papermaking felt, wherein the basic functions are
well balanced. which does not have any wet paper web transfer deficiencies due to
meandering, or the like, wherein free space of a felt, in which the effect of the press pressure
and the hydraulic pressure is scarcely conveyed to the wet paper web, is set to the suitable
amount for the initial warming-up period frorh the start so that the initial warming-up period
is shortened, and wherein water squeezing does not deteriorate due to premature decline
of water permeability and due to the inability to maintain compressibility by excessive
compaction and accumulation of dirt. The object is achieved by a papermaking felt made
from a base material 1 and batt layers 2, 3 provided at least on the wet paper web
carrying-side layer; wherein a water-absorbing resin 4 is included in the batt layer 2 of the
felt. The base material 1 may either have an endless shape, or an open-ended felt may be
connected into an endless shape in a papermaking machine. The water-absorbing resin in

the felt may either stay in the front batt layer 2 (Fig. 1), or it may also reach the base material

1 or the rear batt layer 3 (Fig.2).
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Title of Invention: PAPERMAKING FELT
Technical Field

[0001]

0002 ]

[0003]

10004 ]

(0005}

The present invention relates to a papermaking felt (hereinafter also called "felt”)
used for squeezing water from inside a wet paper web, onto which it 1s stacked, by a
pair of rotating rolls or by a roll and a shoe of a papermaking machine.

More particularly, the present invention relates to a papermaking felt for improving
the capability to squeeze water from the wet paper web during the period including
from the initial warming-up period to the top speed operation of papermaking
machines at which constant production is possible.

Background Art

Conventionally, papermaking machines in the papermaking process are generally
equipped with a wire part, a press part and a dryer part to dewater wet paper webs.
These parts are provided in the direction in which the wet paper web is transferred in
the order of: wire part, press part and dryer part. The wet paper web is dewatered and,
at the same time, transferred while being passed from one papermaking equipment to
the next provided in the wire part, press part and dryer part, respectively, to be finally
dried in the dryer part.

Papermaking equipment for dewatering is provided corresponding to each of these
parts. The press device provided in the press part comprises a plurality of press devices
arranged in series in the direction in which the wet paper web 1s transported.

Each press device comprises an endless felt or an open-ended felt that has been made
into an endless felt by connecting it in the papermaking machine and, as a press, a pair
of rolls (i.e., a roll press) or a roll and a shoe (1.e., a shoe press), which are provided so
as to face each other and pinch therebetween one part of the felt, respectively, trom
above and below; wherein pressure is applied on a wet paper web, which is transported
by a felt traveling at substantially a same speed and in the same direction, together with
the felt by one roll and the other roll or between the roll and the shoe, whereby the
moisture in a wet paper web is squeezed out and is being continuously absorbed by the
telt.

Moreover, among these types of papermaking machines there are some that have a
roll press mechanism, provided in the press device of the press part, for pressing while
pinching, between one roll and the other roll, one part of the telt(s) holding the wet
paper web (therebetween), while others have a shoe press mechanism, provided in the
press device of the press part, for pressing while pinching, between the roll and the

shoe, one part of the felt(s) holding the wet paper web (therebetween).
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[0006]

[0007]

[0003]

[0009]

|0010]

|0011]

The felt is made from a base material and (a) batt layer(s); the batt layer(s) 1s (are)
provided both on the wet paper web carrying-side and on the press roll-side of the base
material or only on the wet paper web carrying side. The batt layer is made by inter-
twiningly integrating batt fibers with the base material by needle punching. The felt
basically has the functions of squeezing water from the wet paper web (water
squeezing capability), of increasing the smoothness of the wet paper web and of
transferring the wet paper web.

Above all, what is considered to be important in a felt is the function of dewatering
the wet paper web, the ability to maintain compressibility and water permeability,
resulting from a suitable free space volume in the felt, for discharging water that has
moved from the wet paper web to the felt due to passing the pressure between the pair
of rolls or the roll and the shoe, to the outside of the felt system.

The suitable free space volume is the free space volume during constant speed
operation of a papermaking machine. From the viewpoint of productivity, it is
important that the operating speed stabilizes rapidly; the time until this happens s
called the initial warming-up period. The initial warming-up period differs according
to the operating conditions of the papermaking machine; however, in general one to
two days, at most five days, are required. In particular, with the no-draw straight-
through type of wet paper transfer method, of which the Tandem-Nipco Flex pa-
permaking machine is a representative example, it is important to shorten the nitial
warming-up period and to increase operating speed.

Various conventional felts have been developed from this point of view. For
example, after a felt has been prepared, a commonly known technique is to apply
pressure to make the telt thinner during the following processes and to increase the
density. There are also cases in which the felt 1s brought into contact with a roll that
has been heated by a heating medium in order to increase the effect of the pressing.
The operating mechanism is to reduce the free space volume in the felt and to facilitate
the transfer of the pressing force received in the press part to the wet paper web.

In Patent document 1 (JP, T, 2005-524002), a compacting method is described in
which the felt surface is polished after it has been treated with a polymer substance. A
felt of this structure is compacted from the beginning; theretore, it leads to the
shortening of the initial warming-up period of the papermaking machine.

Nevertheless, even though a papermaking telt using the polyurethane, polycarbonate
urethane, polyacrylate, acryl resin, epoxy resin, phenol resin or mixed polymers
thereof according to Patent document | can be compacted due to the adhesive force
and the coagulating torce of the polymers, stiffness is given to the telt as a whole.
When the stiffness becomes too great, the compression/recovery behavior under the

press is suppressed and sufficient wet paper web water squeezing performance cannot
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[0012]

[0013]

10014]

10015]

[0016]

|0017]

[0018]

be obtained: further, when the felt is placed in a papermaking machine, together with
the difficult operation of manually inserting the felt into the narrow space between the

rolls, there is also a problem with regard to the easiness of loading the felt.
[n Patent document 2 (JP, A, 02-127585), a manufacturing method for coating a

foam resin onto a felt surface and for drying and curing the same is described. In a telt
of this structure, the felt surtace, which due to the foam resin has a porous contact
region, removes the water from the wet paper web.

Nevertheless, in the felt described in Patent document 2, the porous part can receive
the moisture that is squeezed from the wet paper web when it 1s new; however, under
the direct impact of the repeated pressure from the press roll, the telt, including the
porous part, is gradually compacted. There is the problem that the water squeezing ca-
pability deteriorates because, when the foam resin layer is compacted, the water per-
meability decreases, and when it accumulates dirt from the wet paper web, it becomes
impossible to receive the moisture from the wet paper web.

Patent document 3 (JP, A, 2005-146443), which employs the same type of foam
resin, proposes a production method, wherein a layer (wall structure) is provided by a
foam gel inside the wet paper web contact layer on the felt base material. In a felt of
this structure, which has good pressure dispersion, base fabric marking is prevented
and the surface smoothness of the wet paper web is improved.

Nevertheless, in the felt described in Patent document 3, even though the gel foam
layer is not in direct contact with the press roll, there is the same problem as in Patent
document 2.

With the felt described in Patent document 4 (JP, A, 56-53297), it can be expected
that the initial warming-up period is shortened due to the hydrophilic properties ot the
sodium acrylate-acrylamide copolymer fibers.

Nevertheless, with the telt described in Patent document 4, there 1s the problem that
the ability to maintain the water squeezing capability deteriorates, because the
durability of the sodium acrylate -acrylamide copolymer fibers 1s low. There 1s further
the problem that the fibers of low durability are shed trom the felt and get attached to
the paper, which is a hindrance during printing.

Citation List

Patent Literature
[Patent document 1] JP, T, 2005-524002
[Patent document 2] JP, A, 02-12735835
[Patent document 3] JP, A, 2005-146443
[Patent document 4] JP, A, 56-53297

Summary of Invention
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10019]

[0020]

|0021]

10022]

[0023]

0024 ]

Technical Problem

With these type of conventional felts, the initial warming-up period is short:
however, there is the problem that, since the free space inside a felt which has been
made thin from the beginning is reduced, the felt is crushed by the repeated pressure
received during use and rapidly arrives at the limit of the thickness at which it can be
used; thus the time during which the wet paper web can be sufficiently squeezed 1s
short.

Moreover, when the press force is increased during the production process in order to
reduce the free space even further, the fibers constituting the felt hit against each other
and it has to be feared that fibers are lost because pressure marks remain at the points
the fibers intermingle and strength deteriorates.

An object of the present invention is to solve the reciprocal problems of shortening
the initial warming-up period and of ensuring the constant operation period.

In particular, it is the object of the present invention to provide a papermaking felt,
wherein the basic functions are well balanced, which does not have any wet paper web
transfer deficiencies due to meandering, or the like, wherein, free space of a felt, in
which the effect of the press pressure and the hydraulic pressure is scarcely conveyed
to the wet paper web from which water is squeezed, is set to the suitable amount for
the initial warming-up from the start so that the initial warming-up period is shortened
, and wherein water squeezing does not deteriorate due to premature decline of water
permeability and due to the inability to maintain compressibility by excessive
compaction and accumulation ot dirt.

Solution to Problem

The present invention was made by discovering that, by including a water-absorbing
resin in a papermaking felt, it is possible, both, to appropriately ensure a tree space
volume in a felt after water is absorbed and to maintain compressibility; thus the
invention was completed.

In order to solve the above-mentioned problems, the present invention 1S char-
acterized in that a water-absorbing resin is included in a batt layer of a papermaking
felt made from a base material and at least a wet paper web stacking side batt layer.

Specifically, the present invention is based on the technology described hereinafter.

(1) A papermaking felt wherein a batt layer is provided on one side, or on both sides,
of a base material, and wherein a water-absorbing resin with a coetficient ot water ab-
sorption between 1.05 and 10 is included in the batt layer of said felt.

(2) A papermaking felt according to (1); wherein said water-absorbing resin
comprises a urethane structure obtained by reacting (a) polyisocyanate compound(s)

selected from the compounds of component [a] and (a) polyol compound(s) selected
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[0025]

10026}

from the compounds of component [b]:

[a] one or more polyisocyanate compound(s) selected from 1,4-tetramethylene di-
isocyanate, 1,6-hexamethylene diisocyanate, 1,12-dodecamethylene diisocyanate,
l-isocyanate-3-isocyanatemethyl-3,5,5-trimethylcyclohexane (isophorone di-
isocyanate), bis-(4-isocyanatecyclohexane)methane (hydrogenerated MDI),
4,4'-methylene bis(phenyl isocyanate), tlylene-diisocyanate, Xylylene-diisocyanate,
tetramethylxylylene-diisocyanate, 1,5-naphthalene diisocyanate, p-
phenylene-diisocyanate, cyclohexane diisocyanate, 2- and 4-isocyanate cyclohexyl-
2'-isocyanate cyclohexyl methane, bis-(isocyanate methyl)-cyclohexane, and bis-
(4-i1socyanate-3-methyl cyclohexyl)methane

[b] one or more polyol compound(s) selected from one or more polyether polyol(s)
selected from polyethylene glycol, polypropylene glycol, polybutylene glycol,
polypentylene glycol, polyhexylene glycol, glycerin, trimethylolethane, trimethy-
lolpropane, hexanetriol, and pentaerythritol, and/or one or more compound(s) selected
from oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, azelatc acid,
sebacic acid, phthalic acid, isophthalic acid, terephthalic acid, ricinoleic acid, and e-
caprolactone, and polyester polyols of one or more compound(s) selected trom
ethylene glycol, propanediol, butanediol, pentanediol, hexanediol, neopentyl glycol, di-
ethylene glycol, 3-methyl-1,5-propanediol, glycerin, trimethylolethane, trimethy-
lolpropane, hexanetriol, and pentaerythritol, and/or one or more polycarbonate
polyol(s) selected from C6-homo-carbonate diol, C5/C6 copolymerized polycarbonate
diol, and C4/C6 copolymerized polycarbonate diol, and/or acrylic polyol.

(3) A papermaking felt according to (2); wherein the water-absorbing resin comprises
one or more structure(s) obtained by reacting the polyol compounds of said component
|b] with compounds selected from carboxylic acid sodium salt, carboxylic acid
potassium salt, sulfonic acid sodium salt, sulfonic acid potassium salt, and quaternary
halogenated ammonium salt.

(4) A papermaking felt according to (1); wherein the water-absorbing resin comprises
a component selected from the following compounds: one ore more compound(s)
selected from chain or cyclic silicon compounds having one or more functional
group(s) selected from hydrogen, alkyl group, aryl group, alkoxy group, hydroxyl
group, polyether group, polyglycerol group, amino group, epoxy group, carboxyl
group, amide group, methacrylate group, mercapto group, and N-alkylpyrrolidone
group at the side chain and/or the terminal thereof; compounds comprising a structure
obtained by addition reaction on starch of one or more compound(s) selected trom
acrylonitrile, acrylic acid, acrylamide, methyl methacrylate, vinyl acetate, vinyl
sulfonic acid, dimethylaminoethyl methacrylate, sodium monochloroacetate, sodium

polyacrylate, epichlorohydrin, and styrene sultfonic acid; compounds comprising a
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structure of self-cross-linked starch; compounds comprising a structure obtained by
addition reaction on carboxymethyl cellulose of one or more compound(s) selected
from acrylonitrile, sodium monochloroacetate, sodium polyacrylate, epichlorohydrin,
and styrene sulfonic acid; compounds comprising a structure of selt-cross-linked car-
boxymethyl cellulose; compounds comprising a structure wherein hyaluronic acid and/
or agarose are/is cross-linked with boron and/or aluminum ions; compounds
comprising a structure of self-cross-linked hyaluronic acid and/or agarose; compounds
comprising a structure wherein a compound selected from acrylic acid and sodium
polyacrylate is graft-polymerized on polyvinyl alcohol; compounds comprising a
structure of self-cross-linked polyvinyl alcohol: acrylic copolymer compounds
comprising a structure wherein one or more compound(s) selected tfrom acrylic acid,
sodium acrylate, methyl methacrylate, acrylonitrile, vinyl alcohol, isopropy-
lacrylamide, methylene-bis-acrylamide is (are) copolymerized; compounds comprising
a structure wherein compounds selected from acrylic acid and sodium acrylate are
graft-polymerized on polyurethane; methylene-bis-acrylamide copolymer compounds
comprising a structure in which a compound selected from methacrylic acid and 1so-
propylacrylamide is copolymerized; hydroxy methacrylate copolymer compounds
comprising a structure wherein a compound selected from ethylene glycol
dimethacrylate and 2,3-dihydroxypropyl methacrylate is copolymerized;
nanocomposite hydrogel wherein a compound selected from a compound comprising a
structure of self-cross-linked hydroxyl methacrylate copolymer compounds and 1s0-
propylacrylamide and dimethylacrylamide is adjusted with hectorite.

(5) A papermaking felt according to any one of (1) to (4); wherein one or more cross-
linking agent [¢] component(s) is (are) further reacted by cross-linking with the water-
absorbing resin.

(6) A papermaking felt according to (5): wherein the cross-linking agent [c}
component is one or more compound(s) selected from ethylene giycol, propanediol,
butanediol, pentanediol, hexanediol, polyethylene glycol, polypropylene glycol, poly-
butylene glycol, bisphenol A, trimethylolethane. trimethylolpropane, propanetriol
(glycerin), butanetriol, pentanetriol, hexanetriol, cyclopentanetriol, cyclohexanetrol,
erythritol, pentaerythritol, diglycerin, sorbitol, mannitol, sucrose, triethanolamine,
ethanolamine, ammonia, ethylenediamine, propanediamine, butanediamine, hex-
anediamine, diethyl toluenediamine, dimethyl-thio-toluenediamine,
4.4'-bis(2-chloroaniline), 4,4'-bis(sec-butylamino)-diphenylmethane,
N,N'-dialkyldiamino-diphenylmethane, 4,4'-methylenedianiline,
4,4'-methylene-bis(2,3-dichloroaniline), 4,4'-methylene-bis(2-chloroaniline),
4.4'-methylene-bis(2-ethyl-6-methylaniline), trimethylene-bis(4-amimobenzoate),

poly(tetramethylene oxide)-di-p-aminobenzoate, phenylenediamine, isophorone
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diamine, 4,4"-methylene bis(2-methylcyclohexane-1-amine), 4,4'-methylene
bis(cyclohexane amine), bis(aminomethyl)cyclohexane, xylene diamine, 1mino-
bis-propylamine,

bis(hexanemethylene)triamine, triethylene tetramine, tetraethylene pentamine, pen-
tacthylenehexamine, dipropylene triamine, aminoethylethanolamine, piperadine,
triitmethylamino)hexane, melamine, a polycondensate of melamine and formaldehyde,
polyethylene glycol mono(meta) acrylate, polyethylene glycol di(meta) acrylate, N-
methylol (meta) acrylamide, glycidyl (meta) acrylate, N,N-methylene bis(meta)
acrylamide, ethylene glycol diglycidyl ether, diethylene glycol diglycidyl ether,
glycerin diglycidyl ether, glycerin triglycidyl ether, butanediol diglycidyl ether,
hexanediol diglycidyl ether, cyclohexane dimethanol diglycidyl ether, trimethy-
lolpropane diglycidyl ether, trimethylolpropane triglycidyl ether, polyethylene glycol
polyglycidyl ether, and bis phenol A diglycidyl ether.

[0029]  (7) A papermaking felt according to any one of (1) to (6); wherein the dry resin
weight of the water-absorbing resin is 0.5 to 30 wt.% of the felt weight betore
including the resin.

[0030]  (8) A papermaking felt according to any one of (1) to (7); wherein the water-
absorbing resin comprises one or more filler(s) such as titanium oxide, kaolin, clay,
talc, or the like.

Advantageous Effects of Invention

[0031] In the papermaking felt according to the present invention, due to the water-
absorbing action of the water-absorbing resin, the free space volume is reduced in a
felt in which the effect of the press pressure and the hydraulic pressure is scarcely
conveyed to the wet paper web, and the initial warming-up period 1s shortened.
Moreover, since compressibility is maintained due to the flexibility and durability of
the resin that is swollen by water, the water draining capability can be maintained
together with an improvement of the ability to maintain elasticity, as will be shown in
the Examples.

Brief Description of Drawings

[0032] [fig.1]Fig. 1 is a view showing a felt according to the present invention in which the
water-absorbing resin stays in the front-side (wet paper web contact side) batt layer.
|fig.2]Fig. 2 is a view showing a felt according to the present invention in which the
water-absorbing resin reaches from the front-side batt layer to the rear-side batt layer.
Description of Embodiments

[0033] The drawings show one example of a papermaking felt according to the present
invention. The present invention is, however, not limited to the specific example

shown in the drawings.
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The example of a papermaking felt shown in the drawings comprises a base material 1,
a batt layer 2, and a rear batt layer 3 disposed on the press roll-side of the base
material; in Fig. 1, the water-absorbing resin stays in the wet paper web carrying-side
batt layer 2; in Fig. 2, the water-absorbing resin reaches the press roll-side batt layer 3.
The wet paper web-side batt layer 2 includes batt fiber and water-absorbing resin
which fill a part of the space formed by the batt fiber.

[0034]  In general, a papermaking felt is made by batt layers sandwiching a base material.
The base material is generally a fabric woven by a weaving machine, or the like, from
a machine direction yarn and a cross machine direction yarn.

Examples of materials used for the machine direction and cross machine direction
yarns of the base material and for the batt include polyesters (polyethylene
terephthalate, polybutylene terephthalate, or the like), polyamides (nylon 6, nylon 66,
nylon 610, nylon 612, or the like), polyphenylene sulfide, polyvinylidene fluoride,
polypropylene, aramid , polyetheresterketone, polytetratluoroethylene, polyethylene,
polyvinyl chloride, cotton, wool, metal, or the like.

[0035] <Types of water-absorbing resin>

As water-absorbing resin, one or more water-absorbing resin(s) of natural polymers
or synthetic polymers with a coefficient of water absorption between 1.05 and 10 can
be used.

[0036]  Of the natural polymer type water-absorbing resins, examples on starch basis include
water-absorbing resins obtained by addition reaction of (a) monomer(s) on starch or
lonizing radiation irradiation induced cross-linking in starch; wherein the monomers
may be generally known monomers such as acrylonitrile, acrylic acid, acrylamide,
methyl methacrylate, vinyl acetate, vinyl sultfonic acid, dimethylaminoethyl
methacrylate, sodium monochloroacetate, sodium polyacrylate, epichlorohydrin,
styrene sulfonic acid, or the like.

0037} Examples on cellulose water-absorbing resins include water-absorbing resins
obtained by addition reaction of (a) monomer(s) on CMC or 1on1zing radiation 1r-
radiation induced cross-linking in CMC ; examples of monomers include acrylonitrile,
sodium monochloroacetate, sodium polyacrylate, epichlorohydrin, styrene sulfonic
acid, or the like.

[0038]  Examples on polysaccharide based water-absorbing resins include water-absorbing
resins obtained by boron or aluminum, or the like, multicharged ion mediated cross-
linking or ionizing radiation irradiation induced cross-linking ot hyaluronic actd or
agarose.

[0039]  Of the synthetic polymer type water-absorbing resins, examples on PV A based
include water-absorbing resins obtained by addition reaction of (a) monomer(s)

thereon or ionizing radiation irradiation induced cross-linking thereot. Examples of
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[0040]

[0041]

10042]

[0043 ]

10044 ]

10045]

monomers include acrylic acid, sodium polyacrylate, or the like.

Examples of acrylic acid include acrylamide copolymers (examples of copolymer
monomers include sodium acrylate, acrylic acid, vinyl alcohol, isopropylacrylamide,
methylene bis acrylamide, or the like), acrylic acid copolymers (examples of
copolymer monomers include sodium acrylate, acrylonitrile, or the like), methylene bis
acrylamide copolymers (examples of copolymer monomers include methacrylic acid,
isopropylacrylamide, or the like), or sodium polyacrylate cross-linked by 1onizing
radiation irradiation.

Apart from these, NC gels in which acrylamide derivative (NIPA, DMAA)
monomers are adjusted with an inorganic component (hectorite) can also be used.

Examples on urethane water-absorbing resins include denaturated polyols, wherein
hydrophilic polyol is reacted with polyisocyanate, in which the hydrophilic polyol is
obtained by addition polymerization on polyhydric alcohol of ethylene oxide on its
own or with ethylene oxide and propylene oxide, and blended polyols, wherein a
water-absorbing resin of starch, PVA, or the like, ts blended in polyol and reacted with
Isocyanate, or the like.

Among these, a water-absorbing resin, wherein hydrophilic polyol 1s reacted with
polyisocyanate, in which the hydrophilic polyol is obtained by addition polymerization
on polyhydric alcohol of ethylene oxide (EO) and propylene oxide (PO), 1s preterred.

Examples of the above-mentioned polyisocyanates include aromatic, aliphatic or
alicyclic polyisocyanate, for example, tolylene diisocyanate (TDI), 4,4'-
diphenylmethane diisocyanate (MDI), 2,4-diphenylmethane diisocyanate, naphthalene
diisocyanate (NDI), hexamethylene diisocyanate, and mixtures thereof.

Examples of the above-mentioned polyols include aromatic hydrophilic polyols
obtained by addition polymerization on aromatic polyhydric alcohol of EO or PO.
Preferred aromatic polyhydric alcohols are 4,4'-dihydroxy phenyl sultone, resorcine,
| ,.4-bis hydroxyethoxy benzene.

Among these, polyether polyols obtained by reacting polyether polyols in which the
amount of the oxyethylene groups is between 40 and 100 % ot the weight in the
polyoxy alkylene, and polyether polyol with a molecular weight of 1000 or less and 1n
which the amount of oxyethylene groups 1s between O and 30 % of the weight in the
polyoxy alkylene are preterred.

<The torm ot the water-absorbing resins>

The shape of the water-absorbing resins included in the batt layer of the papermaking
felt is not particularly limited, it may be in the form of particles or it may be in the
form of a dispersed film. However, a water-absorbing resin that, atter water absorption,
forms a continuous film layer like a sheet hinders water permeability 1s not preterred.

<Coefticient of water absorption>
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10046]

[0047 ]

[0048 ]

The coefficient of water absorption is measured by the following method.

1. The weight of a specimen (water-absorbing resin), measured up to an accuracy of
0.01 g after drying for one hour at 105 degrees Celsius, is defined as M,.

2. Suitable amounts of the specimen (for example 100 g) are filled into bags ot
nonwoven fabric, one nonwoven fabric bag at a time 1s completely immersed 1n an
immersion liquid obtained from a sufficient amount of pure water of 20 degrees
Celsius +- 2 degrees Celsius.

3. The nonwoven fabric bags with the specimen are taken out of the immersion liquid
at intervals of one hour and are introduced into a rotary dewatering machine (a Sheet
Former manufactured by Kumagai Rikt Kogyo Co., Ltd.).

4, The rotational speed of the Sheet Former is set so as to obtain a prescribed speed of
1500 m/min., and dewatering is performed for a prescribed time (5 minutes) atter the
speed reaches the set value (atter 12 seconds).

5. After dewatering has continued for 5 minutes, brakes are applied to stop the cen-
trifugal dewatering. The total weight of the dewatered nonwoven tabric bag and the
specimen are measured up to an accuracy of 0.01 g.

6. Thereafter, steps 3. to 5. are repeated, and the total weight ot the specimen and the
nonwoven fabric bag at the time there is no more weight increase is defined as M.

7. The nonwoven fabric bag is immersed in the pure water on its own, and the weight
of the nonwoven fabric bag measured according to steps 3. to 5. above is defined as Si:
the value of the coefficient of water absorption is obtained according to the formula:
coefficient of water absorption = (M, - §)) / M,.

The coefficient of water absorption is preferably between 1.05 and 10.

The location in which these water-absorbing resins are included in the papermaking
felt is not particularly limited; however, they are preferably included in a region from
the wet paper web carrying-side batt layer to the base material.

Specifically, the water-absorbing resins may be included only 1n the wet paper web
carrying-side batt layer 2, in the region from the wet paper web carrying-side batt layer
2 to the press roll-side batt layer 3, in the region from the wet paper web carrying-side
batt layer 2 to the base material 1, or in the region from the press roll-side batt layer 3
to the base material 1.

The means for including the water-absorbing resin in the felt include such techniques
as coating-impregnating, spray coating, blade coating, or the like, of the felt with an
aqueous dispersion liquid in which water-absorbing resin particles have been dispersed
In an aqueous solution.

A cross-linking agent may be used as needed tor causing the water-absorbing resin to
hold firmly to the felt; the cross-linking agent is coated in a dispersed form 1n the

above-mentioned aqueous dispersion liquid, and thereafter cross-linking reaction 1s
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performed by heating or by electron beam radiation. Examples of cross-linking agents
include, for example, polyethylene glycol mono(meta) acrylate, N-methylol (meta)
acrylamide, glycidyl (meta) acrylate, polyethylene glycol di(meta) acrylate,
N.N-methylene bis(meta) acrylamide, or the like, and diglycidyl ether or polyglycidyl
ether of ethylene glycol diglycidyl ether, polyethylene glycol diglycidyl ether, fatty
polyhydric alcohol, or the like, and mixtures thereof. Moreover, one or more types of

cross-linking agent(s) may be used.
[0049]  The free space volume, which can be obtained in a papermaking felt apart from the

fibers, is preferably maintained at a fixed volume from the initial warming-up period to
the transition of the operating speed to the top speed region, at which constant
production is possible, until the final period of operation is reached.

Therefore, the losing speed of the water absorbed resin from the felt may be
controlled in the view of the operating conditions and the amount of water removed
from the wet paper web.

[0050] The used amount of the cross-linking agent is determined by the molar equivalent of
the reactive groups (isocyanate groups in the case of urethane-based water-absorbing
agents) of the water-absorbing agent and the molar equivalent of the reactive groups
(active hydrogen groups) of the cross-linking agent.

The durability after the cross-linking is controlled by adjusting a suitable equivalent

ratio (-NCO/-H). Specifically, an equivalent ratio of 0.7 to 1.5 1s preferred.
Examples

[0051]  Hereinafter, the present invention will be described by the Examples and the Com-
parative Examples. The present invention is, however, not limited to these Examples.

Examples 1 to 6, Comparative Examples 1 and 2

The papermaking felts used in the Examples and Comparative Examples had the
following basic configuration:

Base material: (twine of nylon monofilaments, single weave): basis weight 750 g/m-

Batt fiber (nylon 6 staple tibers of 17 dcTex)

Wet paper web carrying-side of the base material: basis weight 500 g/m-

Press roll-side of the base material: basis weight 250 g/m-

After forming a felt by stacking and intertwiningly integrating the rear-side batt
fibers, the front-side batt fibers and the base material by needling (Comparative
Example 1), the water-absorbing resin compositions shown in Table 1 were applied
from the front surface batt side, dried for 60 minutes at 105 degrees Celsius and,
thereafter, cured (thermal hardening) for 30 minutes at 140 degrees Celsius.

Furthermore, the weight of the filler is used in the ratio ot 8 wt. parts per 100 wt.

parts of water-absorbing resin. The coetfticient of water absorption of the water-
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absorbing resin used for the papermaking felts obtained and the amount of water-
absorbing resin attached to the felt in the dried state after curing are shown in Table 1.
The percentage amount of dried water-absorbing resin attached to the felt represents
the ratio of the weight (dry weight) of water-absorbing resin attached to the felt per

100 wt. parts of felt material before the water-absorbing resin is attached.
[0052] [Table 1]

Table 1
- Condition ef the Examples and Comp_arzmlt'ive I'xamples e B
Waltcr-absorbing resin Cross-linking agent Filler | Watoer- Attached |
| absorption amount of
| . coefficient dried water-
absorbing
L . 1e8in
Trimethylolpropan : |
Nonionic polyether & | :
Example 1 polyurethane [HYDRAN {prodduct of - 1.1 § wt.%
: product of DI() Mitsubishi Gas "
| L | Chemical) i o . .
ALICIIC Polyerkes Polyethylene glycol gi |
Example2 - polyurethanc (FI"?S.TRDN [prgducfnf L)z;siif:hi - 3.0 2 wt5o
. product of Dalichi Kogyo Koayo Seivaku) -
Anioric polyether ! Bis phenol A Kaolin
\ alyorethane (ELASTRON | diglycidyl ether ‘ , L
| Example 3 groducf of Daiichi Kogyo {pleuct of (pmduct ot 30 B Wt
| | Seivaku)  ADTKA) IMERYS)
{ationic polyether - Melamine- o |
palyurethane (PERMARIN | formmamide :
Bample 4 product of Sanyo Chemical . {(product n: ] 5.0 ‘ 8wt
Industries} - Monsanto) |
Anionic polyester ;
Example 5 f:};;;"f;;é‘;nmmm - . 5.0 - Bw%
e | product of ADEKA)
Cross-linked polyacrylic aN-n.llii}i';iumEta] ‘ |
| bxampled acid (Aqua Keep product of {C?O{luct of Soken - 30 S wt. Vo
' Sumitomo Seika Chemicals) | £ " |
. B Chemical) ;
- Comparative : i
Dxamplel |~ S D
L . | Trimetaylolpropan P
! Comparative Amt}mc‘pul}carbunate DAL I (Produ)crt ofr ’ L
Lxarmpie 2 polyure khang (Bayhydrol - Mitsubishi Gas L P Wl
product of Nippon Bayer) | . ol
— : Chemical) e

[0053]  The papermaking felts that were obtained in the Examples | to 6 and the Com-
parative Examples | and 2 were tested under the traveling test conditions described

hereinafter for 100 hours at a traveling speed ot 1,000 m/min. and under a roll pressure
of 100 kN/m; the water squeezing capability, the ability to maintain elasticity and the
ability to maintain water permeability were evaluated.
[0054]  Water squeezing test; high speed press tester

Water squeezing test conditions: pressure 100 kN/m, papermaking speed 1000 m/
M.

Wet paper web moisture content betore pressing; 70 %

Wet paper web moisture content before pressing = (wet paper web weight betore
pressing - dry paper weight) / wet paper web weight before pressing x 100

Wet paper web moisture content after pressing = (wet paper web weight after

pressing - dry paper weight) / wet paper web weight after pressing x 100
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The lower the wet paper web moisture content after pressing, the better is the water
squeezing capability of the papermaking felt; in the papermaking industry, even if the
difference of the wet paper web moisture content after pressing is only 1 %, there 1s a
significant impact on the amount of thermal energy required in the paper drying
process after pressing.
[0055] Compression test; high speed press tester
Felt thickness before pressing; T,
Felt thickness during pressing; T, (100 kN/m)
Felt thickness after pressing; 1
Compression ratio (%) = (T, - T,) / To x 100
Thickness maintaining ratio (%) = (T, / T,) x 100
[0056]  Water percolation test; water percolation tester
Water percolation value; 20 MPa pressure; a metal plate having been disposed on
one side of a 120 mm f felt sample, the time required for 5 liters of water to pass at a
hydraulic pressure of 3 MPa from the side without metal plate.
The shorter this time, the better is the water permeability.
Water percolation maintaining ratio (%) = water percolation value betore the
traveling test / water percolation value after the traveling test x 100.

The results thereof are shown in Table 2.
10057] [Table 2]

Table 2 3
I — ——— 4 ——— it == asan. Evaluath items . ey -
Physical properties during the traveling test 1 Physical properties before/after the
) traveling test |
Watcr squeczing «  Elasticity mairtaining preperties | Water penmeability maintaining
capability | N | properties _

Wet paper web = Compression Beforefafter | Water percolation | Water *
motsturc content .  rativcofthe pressing value (seconds) | pereolation
after pressing (Ya) pressing (C) thickness ~ maintaining

maimtaining ratio i ratio (%}
_ (%) _ A |
after 10 | aftex after after | affer1q atter | betore after
min, 100 h 10 1I00h | min 100h | travel. | travel.
- VUV SN min. ".ttf?t ] tesl
Examplel 82 5 30.8 27 8 £4.0 86,3 13 1 81 FL2
Example 2 53 | _ 51 30.5 27.0 83.3 89 ! 40 | 86 46,5
Example3 48 47 316 | 298 | 856 879 | 48 | 95 50.5
Example 4 46 | 4% 31.8 28.2 87.0 374 ¢ 53 90 58.9
Example § 49 5C 3L5 71 | 852 873 | 55 - 91 60.4
| Example & 49 18 31.2 1 293 | 853 874 | 48 | 36 50.0
. Comparative 56 53 297 | 221 81.5 84.3 35 ! 81 432
 Uxamplel . A | )
~ Comparative 53 51 N2 i 232 30 85.7 42 ; 88 17.7
. Fxample 2 ‘ .

[0058]  Table 2 shows that the lower the wet paper web moisture content after pressing. the
better is the water squeezing capability, and that the higher the compression ratio of the
pressing and the before/after pressing thickness maintaining ratio, the better are the
elasticity maintaining properties.

In the papermaking felts of Examples | to 6, it can be seen that the water squeezing
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capability and the elasticity maintaining ratio is improved due to the swelling of the
water-absorbing resin in the felts.
Moreover, the papermaking felts of Examples 1 to 6 exhibit high values of water per-
colation maintaining ratio; the reason for this is that, due to the water-absorbing resin,
the excessive free space at the time the felt is new is closed, and due to the gradual loss
of resins occurring together with use, the felts possess a suitable water permeability
from the initial warming-up to the final period ot operation.
Industrial Applicability
|0059]  According to the present invention, a papermaking press felt can be obtained which
can improve the water squeezing capability from a wet paper web during the entire
period of use including the initial warming-up period and until the top speed of a pa-
permaking machine is reached at which constant production is possible,which can be
installed in a papermaking machine with the same load as used for conventional felts,
and which is of practical utility in the papermaking industry.
Reference Signs List
10060] 1 Base material

la Machine direction yarn (MD yam)

b Cross machine direction yarn (CMD yarn)

2 Front batt layer (Wet paper web carrying-side batt layer)

3 Rear batt layer (Press roll-side batt layer)

4 Water-absorbing resin
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Claims

A papermaking felt wherein a batt layer is provided on one side, or on
both sides, of a base material, and wherein a water-absorbing resin with
a coefficient of water absorption between 1.05 and 10 is included in the
batt layer of said telt.

A papermaking felt according to claim 1; wherein said water-absorbing
resin comprises a urethane structure obtained by reacting (a) poly-
isocyanate compound(s) selected from the compounds of component
[a] and (a) polyol compound(s) selected from the compounds of
component |b|:

[a] one or more polyisocyanate compound(s) selected from

| . 4-tetramethylene diisocyanate, |,6-hexamethylene diisocyanate,
1,12-dodecamethylene diisocyanate.

| -isocyanate-3-isocyanatemethyl-3,5,5-trimethylcyclohexane
(isophorone diisocyanate), bis-(4-isocyanatecyclohexane)methane
(hydrogenerated MDI), 4,4'-methylene bis(phenyl isocyanate), tlylene-
diisocyanate, xylylene-diisocyanate, tetramethylxylylene-diisocyanate,
|,5-naphthalene diisocyanate, p-phenylene-diisocyanate, cyclohexane
diisocyanate, 2- and 4-isocyanate cyclohexyl-2'-isocyanate cyclohexyl
methane, bis-(isocyanate methyl)-cyclohexane, and Dis-
(4-1socyanate-3-methyl cyclohexyl) methane

|b] one or more polyol compound(s) selected trom one or more
polyether polyol(s) selected from polyethylene glycol, polypropylene
glycol, polybutylene glycol, polypentylene glycol, polyhexylene glycol,
glycerin, trimethylolethane, trimethylolpropane, hexanetriol, and pen-
taerythritol, and/or one or more compound(s) selected trom oxalic acid,
malonic acid, succinic acid, glutaric acid, adipic acid, azelaic acid,
sebacic acid, phthalic acid, isophthalic acid, terephthalic acid, ricinoleic
acid, and e-caprolactone, and polyester polyols ot one or more
compound(s) selected from ethylene glycol, propanediol, butanediol,
pentanediol, hexanediol, neopentyl glycol, diethylene glycol,
3-methyl-1,5-propanediol, glycerin, trimethylolethane, trimethy-
lolpropane, hexanetriol, and pentaerythritol, and/or one or more poly-
carbonate polyol(s) selected from C6-homo-carbonate diol, C5/C6O
copolymerized polycarbonate diol, and C4/C6 copolymerized poly-
carbonate diol, and/or acrylic polyol.

A papermaking felt according to claim 2; wherein the water-absorbing
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resin comprises one or more structure(s) obtained by reacting the
polyol compounds of said component [b] with compounds selected
from carboxylic acid sodium salt, carboxylic acid potassium salt,
sulfonic acid sodium salt, sulfonic acid potassium salt, and quaternary
halogenated ammonium salt.

A papermaking felt according to 1; wherein the water-absorbing resin
comprises a component selected from the following compounds: one
ore more compound(s) selected from chain or cyclic silicon compounds
having one or more functional group(s) selected from hydrogen. alkyl
group, aryl group, alkoxy group, hydroxyl group, polyether group,
polyglycerol group, amino group, epoxy group, carboxyl group, amide
group, methacrylate group, mercapto group, and N-alkylpyrrolidone
group at the side chain and/or the terminal thereotf; compounds
comprising a structure obtained by addition reaction on starch ot one or
more compound(s) selected trom acrylonitrile, acrylic acid, acrylamide,
methyl methacrylate, vinyl acetate, vinyl sulfonic acid, dimethy-
laminoethyl methacrylate, sodium monochloroacetate,sodium poly-
acrylate, epichlorohydrin, and styrene sulfonic acid: compounds
comprising a structure of self-cross-linked starch; compounds
comprising a structure obtained by addition reaction on carboxymethy]
cellulose of one or more compound(s) selected from acrylonitrile,
sodium monochloroacetate, sodium polyacrylate, epichlorohydrin, and
styrene sulfonic acid; compounds comprising a structure of selt-
cross-linked carboxymethyl cellulose: compounds comprising a
structure wherein hyaluronic acid and/or agarose are/is cross-linked
with boron and/or aluminum ions; compounds comprising a structure of
self-cross-linked hyaluronic acid and/or agarose; compounds
comprising a structure wherein a compound selected from acrylhic acid
and sodium polyacrylate is graft-polymerized on polyvinyl alcohol;
compounds comprising a structure of self-cross-linked polyvinyl
alcohol; acrylic copolymer compounds comprising a structure wherein
one or more compound(s) selected from acrylic acid, sodium acrylate,
methyl methacrylate, acrylonitrile, vinyl alcohol, isopropylacrylamide,
methylene-bis-acrylamide is (are) copolymerized; compounds
comprising a structure wherein compounds selected trom acrylic acid
and sodium acrylate are graft-polymerized on polyurethane: methylene-
bis-acrylamide copolymer compounds comprising a structure in which

a compound selected from methacrylic acid and isopropylacrylamide 1s
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copolymerized; hydroxy methacrylate copolymer compounds
comprising a structure wherein a compound selected from ethylene
glycol dimethacrylate and 2,3-dihydroxypropyl methacrylate is
copolymerized; nanocomposite hydrogel wherein a compound selected
from a compound comprising a structure of self-cross-linked hydroxyl
methacrylate copolymer compounds and isopropylacrylamide and
dimethylacrylamide is adjusted with hectorite.

[Claim 5] A papermaking felt according to any one of claims 1 to 4; wherein one
or more cross-linking agent [¢] component(s) is (are) further reacted by
cross-linking with the water-absorbing resin.

[Claim 6]} A papermaking felt according to claim 5; wherein the cross-linking
agent [c] component is one or more compound(s) selected from
ethylene glycol, propanediol, butanediol, pentanediol, hexanediol,
polyethylene glycol, polypropylene glycol, polybutylene glycol,
bisphenol A, trimethylolethane, trimethylolpropane, propanetriol
(glycerin), butanetriol, pentanetriol, hexanetriol, cyclopentanetriol, cy-
clohexanetriol, erythritol, pentaerythritol, diglycerin, sorbitol, mannitol,
sucrose, triethanolamine, ethanolamine, ammonia, ethylenediamine,
propanediamine, butanediamine, hexanediamine, diethyl
toluenediamine, dimethyl-thio-toluenediamine,

4. 4'-bis(2-chloroaniline), 4,4'-bis(sec-butylamino)-diphenylmethane,
N.N'-dialkyldiamino-diphenylmethane, 4,4'-methylenedianiline,
4,4'-methylene-bis(2,3-dichloroaniline),
4,4-methylene-bis(2-chloroaniline).
4,4'-methylene-bis(2-ethyl-6-methylaniline), trimethylene-
bis(4-aminobenzoate), poly(tetramethylene oxide)-di-p-aminobenzoate,
phenylenediamine, isophorone diamine, 4,4"-methylene
bis(2-methylcyclohexane- | -amine), 4,4-methylene bis(cyclohexane
amine), bis(aminomethyl)cyclohexane, xylene diamine, 1mino-
bis-propylamine,

bis(hexanemethylene)triamine, triethylene tetramine, tetraethylene
pentamine, pentaethylenehexamine, dipropylene triamine,
aminoethylethanolamine, piperadine, tri{methylamino)hexane,
melamine, a polycondensate of melamine and formaldehyde,
polyethylene glycol mono(meta) acrylate, polyethylene glycol di(meta)
acrylate, N-methylol (meta) acrylamide, glycidyl (meta) acrylate,
N,N-methylene bis(meta) acrylamide, ethylene glycol diglycidyl ether,
diethylene glycol diglycidyl ether, glycerin diglycidyl ether, glycerin
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triglycidyl ether, butanediol diglycidyl ether, hexanediol diglycidyl
ether, cyclohexane dimethanol diglycidyl ether, trimethylolpropane
diglycidyl ether, trimethylolpropane triglycidyl ether, polyethylene
glycol polyglycidyl ether, and bis phenol A diglycidyl ether.

A papermaking felt according to any one of claims 1 to 6; wherein the
dry resin weight of the water-absorbing resin is 0.5 to 30 wt.% of the
felt weight before including the resin.

A papermaking felt according to any one of claims | to 7; wherein the

water-absorbing resin comprises one or more filler(s).
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