Title of the invention: Rubbing cloth

TECHNICAL FIELD

[0001} The present invention relates to a rubbing cloth. In more
detail, this invention relates to a rubbing cloth used for rubbing
the alignment films of liguid crystal displays, to achieve highly
precise liguid crystal displaying, which is excellent in alignment
performance, unlikely to generate fiber abrasion destined to be
a contamination source at the time of rubbing treatment and allowing
the resiliency performance to be controlled as desired at the time
of rubbing treatment.

BACKGROUND ART

[C00Z] In recent years, liguid crystal display devices are being
widely used as display devices to substitute the conventional CRT
monitors, for game computers, television sets, monitors, copiers,
cameras, etc., since they are thin and small advantagecusly in view
of installation area. To constitute each liguid crystal display
element used 1in these liguid crystal display devices, a TFT
substrate having a thin film transistor (TFT) formed thereon as
a drive element and a color filter substrate having color filters
formed thereon {hereinafter abbreviated as “CF substrate”! are
disposed to face sach other with a fine clearance formed between
them, and the fine clearance is packed with a liguid crystal. On
the surfaces of the TFT substrate and the CF gsubstrate, one each
alignment film for covering the surface of an ITO electrode is
disposed to contact the packed liquid crystal.

[C6003] This alignment film is formed of a material selected from
S10sz, pelyimide, polyvinyl alcohol-based resin,
nylon-epoxy-~organic titanium-based material, etc. as appropriate
in response to each purpose or structure. The alignment film is

tTreated to be aligned for allowing liguid crystal molecules to be



aligned. This alignment treatment is an important step for
achieving uniform alignment of the liquid crystal layer.

[0004] As the alignment treatment method, a rubbing method of
rubbing the surface of the alignment film with a& rubbing cloth is
mainly used. The rﬁbbing cloth is usually stuck around the outer
circumferential surface of a roller formed of aluminum or stainless
steel, and the roller is rotated to keep the rubbing cloth on the
cuter circumferential surface thereof in contact with the surface
of the alignment film, to rub the surface of the alignment film
with the rubbing cloth. Owing to the rubbing treatment of the
surface of the alignment film like this, the alignment f£ilm is
aligned in the rubbed direction, and the liguid crystal molecules
are alligned in the aligned direction of the alignment film, to
provide uniform display characteristics.

(0005] As the rubbing cleth used for the rubbing method, fibers
such as natural fibers, semi-synthetic fibers and synthetic fibers
zre being used.

[000¢] For example, a technique concerning a rubbingmaterial formed
of synthetic fibers is proposed (see Patent Document 1). In this
technique, a polyester or polyamide is used as synthetic fibers,
to form a woven fabric, and the rubbing material obtained certainly
allows the liguid crystal to be uniformly aligned by rubbing
treatment. However, since the rubbing material formed of 2 woven
fabriconly is thin as a woven fabricmaterial per se, it isdifficult
to control the force of pressing the rubbing cloth reguired for
the rubbing treatment at a constant level. Further, the proposed
technique is poor in the technical idea of achieving fine alignment
by the proposed rubbing cloth, and as a result, the rubbing material
is insufficient in view of the rubbing performance expected for

producing more highly precise liguid crystal displavs.



[0007] The mest popularly used material of rubbing cloths is a fiber
material with a pile formed by raising fibers such as velvet (pile
cleth). As the pile cloth used for a rubbing cloth, the fineness
of the single fibers used as the pile and the number of driven single
fibers per area (fibers/cm?) are changed to adjust the pile density,
and the pile length of fibers is adjusted by cutting at an
appropriate distance from the base cloth. Further, as the fiber
material used asg the pile, long fibers (filaments) like cellulose
fibers such as rayon or triacetate fibers and short fibers like
cotton wool are known {(see Patent Document 2).

[0008] In relation with said pile cloth, for example, a technigue
concerning a rubbing cloth obtained as a pile cloth formed of
modified cross-sectlon fibers is proposed (see Patent Document 3).
This technigue has such advantages that precise alignment treatment
can be performed using the sharp lateral fiber faces of single fibers
and that the alignment force at the time of alignment can be
controlled by adjusting the indentation depth of the pile cloth
at the time of rubbing treatment owing to the structure particular
to the pile cloth. On the other hand, the raised single fibers are
likely to generate fiber abrasion at the time of rubbing treatment
and to contaminate the liguid crystal alignment film. Further,
with regard to the pile cloth per se, the lengths of the raised
fibers on the surface of the pile cloth are slightly different from
fiber to fiber, that is, the raised fibers are irregular in length
without fail, and it is feared that rubbing irregularity occurs
at the time of rubbing treatment. Furthermore, it is difficult to
avoid the rubbing irregularity.

[0009] Moreover, a technique concerning a rubbing cloth in which

a cushioning material 1s integrated with a raised cloth formed of

ultrafine fibers is proposed (see Patent Document 4). With this



technigue, finer alignment can be expected owing to the ultrafine
fibers, but the technigue has such problems as fiber abrasion and
alignment irregularity owing to +the raised fiber Length
irregularity as in the aforementioned Patent Document 2. in
addition, the raised fibers consisting of ultrafine fibers are not
firm and absorb stress. Therefore, the resiliency owing to the
cushioning material used is offset by the raised ultrafine fibers,
and the alignment regulation force at the time of rubbing treatment
tends to be rather poor. Moreover, when the ultrafine fibers
contact the alignment film, a2ll the ultrafine fibers are not aligned
in the intended direction of alignment, since the fibers per se
are not firm. As a result, some ultrafine single fibers not aligned
in the alignment direction inhibit the homogeneous alignment of
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the alignment film, and rubbing irregularity and defects in lidgui
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crystal displaying are likely to occur.

Patent Document 1: JP 1-288827 A (claims, example 1)

Patent Document 2: JP 2003-156746 A (claims, examples)

Patent Document 3: JP €1-46832 A (claims, fig. 1}

Patent Document 4: JP 2005-89189%% A (claims, fig. 1)

DISCLCSURE OF THE INVENTION

PRCBLEM TO BE SCOLVED BY THE INVENTION

[0010] The problem to be scolved by this invention is to solve the
problems of the abovementioned prior art, by providing a rubbing
cloth capable of inhibiting the generation of contaminants such
as fiber abrasion at the time of rubbing treatment, having fine
and homogeneous alignment performance for achieving a higher
resolution in the liquid crystal display device and assuring
excellent alignment regulation force since the rubbing cloth
pressing pressure can be uniformly controlled while the rubbing

cloth is kept in contact with the alignment film.



MEANS FOR SOLVING THE PROBLEM

[0011] An embodiment of this invention may employ the
folicowing constitutions for solving the abovementioned
probiem.

(1) A rubbing cloth comprising a woven or knitted fabric
and an elastic material laminated on each other and
integrated.

(2) A rubbing cloth, according to (1), wherein the woven or
knitted fabric is a satin weave fabric.

(3) A rubbing c¢loth, according to (1) or (2}, wherein the
number of the ends of the fibers constituting the woven or
knitted fabric existing on the surface of the woven or
knitted fabric is 30 or less per 1 cm sguare.

(4) A rubbing cloth, according to any one of (1) through
(3}, wherein the number of single fibers of the warp varns
or weft yarns used to form the surface layer of the satin
weave fabric is 2000 fibers or more per centimeter.

{5} A rubbing cloth, according to any one of (1) through
{4), wherein an intersection formed by five or more warp
varns and one weft yarn or formed by one warp varn and five
or more weft varns recurs.

{(6) A rubbing cloth, according to any one of (1) through
(5), wherein the single fiber fineness of the warp yarns or
weft vyarns used to form the surface layer of the satin
weave fabric is 2.0 decitexes or less.

(7) A rubbing cloth, according to any one of {1) through
(6), wherein the warp varns or weft varns used tc form the
surface layer of the satin weave fabric iz a polvyester
and/cr polyamide.

(8) A rubbing cloth, according to any one of (1) throucgh
(7}, wherein the warp vyarns or weft varns used to form the
surface layer of the satin weave fabric are formed of non—
crimped fibers.

{9) A rubbing cloth, according to any one of {1} through
(8), wherein the elastic material used is such that the

ratio R of the stress
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at the time of 50% compression (P2) to the stress at the
time of 10% compression (P1} in the thickness direction of
the rubbing cloth (R = P2/Pl) is in & range of 0.90 < R <
2.00.

{10) Further, accerding to one aspect of the invention,
there 1s provided a rubbing cloth comprising a woven or
knitted fabric, wherein the wcven or knitted fabric does
not have raised lint and an elastic material laminated on
each other and integrated, wherein the thickness of the
rubbing cloth is 1.5 mm or more and 10 mm or less.

EFFECTS OF THE INVENTION

[001Z2] The rubbing cloth of this invention having an
elastic material compared with the conventicnal rubbing
cloth formed of a woven fabric only allows the adjustment
of the rubbing cloth pressing stress regquired for rubbing
Creatment and is excellent in alignment performance
(alignment regulation force). Especially in the case where
a satin weave fabric is used as the woven or knitted
fabric, the fibers are arranged in parallel in the
alignment direction of the alignment film, to assure
excellent alignment performance. Since the number of
fibers arranged in the alignment direction of the alignment
film can be selected as appropriate for adaptation to the
intended alignment degree of the alignment film, the design
of the rubbing cloth is easy, and the rubbing cloth can be
employed suitably.

[0013}] On the other hand, compared with the conventional
pile cloth used as a rubbing cloth, since the rubbing cloth
of this invention does not have raised lint, the generation
cf fiber abrasion at the time of rubbing treatment can be
inhibited or prevented, and there is no possibility of
alignment film contamination. Further, since there is no
pile length idrregularity peculiar to a pile cloth, this
invention exhibits an excellent effect that the rubbing
irregularity resulting in liguid crystal display defects
can be inhibited. Moreover, 1in the case where a satin
weave fabric is used as the woven or knitted fabric in the
rubbing cloth of this invention, since the fibers used in
the woven fabric are constrained, it does not happen that
raised fibers are shifted from the alignment direction like
a plle cloth, hence that the raised fibers rub at



an angle shifting from the alignment direction. Thus, the rubbing
cioth of this invention is excellent in alignment performance. In
addition, though a pile cloth is likely to be insufficient in
alignment regulation force because of the twisted varns usually
required to be used in the pile cloth, the rubbing cloth of this
invention can achieve uniform alignment, since the fibers used in
‘the woven or knitted fabric of this invention can be non~crimped
fibers.

BRIEF DESCRIPTION OF THE DRAWINGS

[CO014} [Fig. 1] is an illustration for explaining a treatment
process of rubbing an alignment film on a substrate using an example

of the rubbing cloth of this invention.

E‘t'j

[Fig. 1] 1s a cross sectional view of a sheath-core conjugate fiber
(before dissolving away a component) as a single fiber for obtaining
amodified four-lobed cross-section fiber having sharp projections
used as each fiber inthe yarns of the woven fabric 10 used in Examples
10 and 19 of this invention.

[Fig. 3] 1is a measured compression rate-stress curve showing the
elastic quality of the elastic material 1 used in the examples of
this inventicn.

[Fig. 4] is a measured compression rate-stress curve showing the
elastic quality of the elastic material 2 used in the examples of
this invention.

EANINGS OF SYMBOLS

(6015] 1: rubbing roller

[0016] 2: elastic material

(00171 3: woven or knitted fabric

4: alignment film

5: substrate
6:

sheath component (PEG-copclymerized PET)



7: core component (PET)
THE BEST MODES FOR CARRYING OUT THE INVENTION
[0018] The rubbing cloth of this invention has an slastic material
laminated on a woven or knitted fabric. The widely used
conventional pile fabrics as rubbing cloths have a problem that
the surface properties and the entire compression properties could
not be optimized respectively independently. That is, if the
fibers constituting the pile of a woven pile fabric are going to
be fined in an attempt to achieve more uniform rubbing treatment,
the compression properties of the rubbing cloth as a whole are also
changed to provide a rubbing cloth poor in cushioning properties.
In the rubbking cloth of this invention, a woven or knitted fabkric
and an elastic material can be respectively separately selected
to respend to respectively different properties, so that the surface
properties and the cushioning properties of the rubbing cloth can
be optimized respectively independently.
[0018] The woven or knitted fabric of this invention 1s not
especially limited. Woven fabrics such as plain weave fabric,
satin weave fabric and twill weave fabric and knitted fabrics such
as warp knitted fabric, tubular knitted fabric and weft knitted
fabric can be used. Among them, a satin weave fabric is especially
preferred. In a satin weave fabric, more warp yarns or more weft
varns are exposed on the surface of the woven fabric, and if the
direction in which more exposed yarns are arranged is adapted to
the direction of rubbing treatment, the uniformity in the contact
degree between the fibers of the rubbing cloth and the substrate
can be improved to achieve a more uniform rubbing effect.

In this case, a satin weave fabric refers to-a woven fabric

with a surface having portions in which only warp yvarns or weft
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varns fleoat as if only warp varns or weft yarns appear to exist



in those portions.

10020) In the satin weave fabric, an intersection {structural unit
site) formed by warp varns and a weit varn or formed by a warp varn
and weft yarns is not clese to any adjacent intersection and cccurs
only once in each recurring structural unit formed by warp yarns
and a weft varn or formed by a2 warp varn and weft yvarns in the woven
fabric, being apart from any adjacent intersecticn. In the satin
weave fabric used in this invention, 1t is preferred that a
structural unit site, namely, an intersection formed by five or
more warp varns and one weft yarn or formed by bne warp varn and
five or more weft varns recurs. A recurring unit of 8 yvarns or more
is more preferred, and a recurring unit of 10 yarns or more is
especially preferred. If the number of yvarns in each recurring unit
is larger, more warp yvarns only or more weft yarns only are exposed,
and in the case where the satin weave fabric side of the layered
and integrated rubbing cloth of this invention 1s pressed against
the alignment film for rubbing treatment, the rubbing cloth is more
excellent in the performance of aligning the alignment film. A
satin weave in which a structural unit site (an intersection) formed
by five warp varns and one weft yarn or formed by one warp vyarn
and five weft varns recurs is called “5 harness satin,” and a satin
weave in which a unit cof eight yarns recurs similarly is called
“8 harness satin,” and so on. These are types (modes) of satin weave
A more preferred mode of satin weave is 5 or larger harness satin,
and a further more preferred mode is 8§ or larger harness satin.
An especially preferred mode is 10 or larger harness satin.
(00211 As described before, the rubbing cloth of this invention
has a woven or knitted fabric and an elastic materizl laminated
on each other and integrated, and at the time of rubbing treatment,

the woven or knitted fabric side is pressed against the alignment



film, for rubbing treatment. In the case where the woven or knitted
fabric is a satin weave fabric, it is only required that many fibers
are exposed and arranged in the direction parallel to the rubbing
direction on the surface of the satin weave fabric to be pressed
against the alignment film at the time of rubbing treatment, and
in this case, the yarns formed of the many fibers exposed can be
eilther warp yarns or weft yarns. A warp satin weave fabric in which
many warp yarns are exposed 1s preferred since the design for
production of the satin weave fabric is easy. If a rubbing cloth
in which many exposed fibers are arranged in parallel to the rukbing
directicn is used to rub the alignment film at the time of rubbing
treatment, to achieve alignment, the fine and precise anisotropic
alignment of the alignment £ilm can be achieved while the generation
cf fiber abrasicn is inhibited.

[0022] If the number of single yarns of the warp varns or weft Varns
exposed as many fibers on the surface of the satin weave fabric
pressed against the alignment film 1s larger, more precise
anisotropic alignment can be achieved. Therefore, it is preferred
that the number of the warp yvarns or weft yarns in the surface Laver
is 2000 or more per centimeter. A more preferred number is 3000
or more per centimeter, and an especially preferred number is 5000
or more per centimeter. It is preferred that the upper limit in
the number of single fibers is larger. However, in the case where
ultrafine fibers with a single fiber fineness of 0.1 decitex or
less obtained by conijugate spinning such as fiber splitting or
component dissclution as described later are used, a satin weave
fabricwithup to 250,000 single fibers per centimeter at the largest
can be stably produced.

[0023] The fibers used for the woven or knitted fabric constituting

the rubbing cloth of this invention can be either long fibers
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(filaments) or short fibers (staples), but a woven or knitted fabric
formed of long fibers is preferred since a fabric with less lint
exposed generates less fiber abrasion at the time of rubbing
treatment. As the preferred long fibers, multifilaments arse
preferred. In this case, as each of the multifilaments, a
multifilamentconsistingcﬁffilamentsequaljx1finenesscantmeused,A
or a multifilament consisting of filaments different in fineness
can also be used. Further, a sheath-core conjugate multifilament
with high stiffness and small fineness consisting of one or more
filaments respectively with a large fineness arranged as the core
and multiple fibers respectively with a small fineness arranged
as the sheath can also be used.

[0024] Furthermore, it is preferred that the number of
multifilaments as the warp varns or wefit yvarns arranged in parallsl
to the rubbing direction on the surface of the woven or knitted
fabric to be pressed against the alignment film is larger, since
more preclise anisotropic alignment can be achieved at the time of
rubbing treatment. Therefore, &a preferred number is 70
multifilaments or more per centimeter, and & more preferred number
iz B0 multifilaments or more per centimeter, An especially
preferred number is 90 multifilaments or more per centimeter.
Moreover, if the number of multifilaments is 200 or less per
centimeter, the woven or knitted fabric can be produced stably.
Therefore, a preferred number is 180 multifilaments or less per
centimeter. Further, it is preferred that the number of single
fibers {(filament count) constituting each multifilament is 36 or
more. Amore preferrednumber is 48 filaments cr more, and a further
more preferred number is 96 filaments or more. The most preferred
number is 144 filaments or more. It is preferred that the filament

count is larger, but the filament count that allows stable



production is 3000 or less,

[0025] If the fineness of esach of the single fibers used in the
woven or knitted fabric constituting the rubbing cloth cof this
invention, namely, the single fiber fineness is smaller, finer
alignment can be achieved &t the time of rubbing treatment.
Therefore, it is preferred that the single fiber fineness is 2.0
decitexes (hersinafter zbbreviated as dtex) or less, and 1.5 drex
or less ismore preferred. Especiallypreferredis l.0dtexor less.
A smaller single fiber fineness is preferred, but in the case where
the single fiber fineness is tooc small, the fibers are likely to
be cut at the time of rubbing treatment, to generate fiber abrasion.
Therefore, a single fiber fineness 0of 0.005 dtex cr more is preferred
and 0.C1 dtex or more is more preferred. Especially preferred is
0.05 dtex cr more. Meanwhile, as a method for obtaining fibers with
such a small single fiber fineness, the fibers with a small single
fiber fineness can be obtained by direct spinning. As another
method, an islands-in-sea type conjugate fiber can be produced,
and the sea component can be dissolved away to obtain the island
fibers only. As a further other method, a conjugate fiber can be
split inte fibers with a small single fiber fineness.

[0026] With regard to the sectional form of the single fibers
constituting the woven or knitted fabric {(the form of each fiber
in the cress section perpendicular to the axis of the fiber), a
circle or an ellipse is especilally preferred since the fiber has
uniform properties in the cross section, has isotropic bending
stress and is unlikely to generate fiber abrasion. In this case,
the ellipse is defined as an ellipse in which the ratio P of the
major axis $ to the minor axis (P = S/T) ig 2.0 or less, and a form
with a P value of more than 2.0 is defined as a flat. Further on

the other hand, in response to the properties and reguired alignment
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degree of the alignment £ilm, £lat form, polygonal form, multi-~Ilcbked
form, hollcw form or special form, etc. can be suitably employed
as the sectional form of single fibers. Especially, a polygonal
formormulti~lobed formis preferredas the sectional formof single
fibers, since the fibers can be made aniscotropic in the bending
direction, to enhance or lower the stiffness of the single fibers
per se at the time of rubbing treatment. Further, a polygonal form
in a range from trigonal form to hexagonal form with acute angles
or a nulti-lobed form having three or more lobes with sharp
projections is especially preferred, since fine rubbing treatment
capable of achieving more highly precise liguid crystal displaying
is possible.

[0027] Further, it is preferred that the warp yvarns or weft yarns
used to constitute the woven or knitted fzabric, namely, to form
the surface laver of the woven or knitted fabric are formed of
non-crimped fibers. Usually when a textile product such as a woven
fabric or knitted fabric is produced, fibers are crimped by circular
crimping such as twisting, false-twisting or abrasicn or
non-circular crimping  such as indentation, shaping or
multi-component conjugation for increasing the entanglement or
friction among fibers to thereby form firmer fabric texture. A4lso
in the woven or knitted fabric constituting the rubbing cloth of
this invention, crimpled or non-crimped fibers can be used for
producing the woven or knitted fabric per se. However, it is
preferred as described before that the warp yarns or weft yarns
used to form the surface lavyer of the woven or knitted fabric
constituting the rubbing cloth of this invention are formed of
non~crimped fibers (flat yarns), since a rubbing cloth with precise
and fine alignment performance as intended in this invention can

be produced.
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(0028} It is preferred that the fibers used in the woven or knitted
fabric constituting the rubbing cloth of this invention have an
initial tensile modulus of 15 cN/dtex or more, since the rubbing
performance suitable for each purpose can be widely obtained.
Further, fibers especially high in bending stiffness (having high
correlation with the initial tensile modulus) are preferred, since
the rubbing cloth formed of such fibers can be strongly indented
for allowing such rubbing treatment as to achleve a high alignment
degree in the alignment £ilm and can withstand the resilient stress
acting at the moment when the rubbing cloth is pressed against the
alignment film. An initial tensile modulus of 45 cN/dtex or more
is mere preferred and 70 cN/dtex or more is especially preferred.
Most preferred is 90 cN/dtex or more. Further, it is preferred that
the upper limit of the initial tensile modulus 1is 300 cN/dtex or
less, since stable production can be made and 200 cN/dtex or less
is more preferred.

(00281 It is preferred that the fibers used in the woven or knitted
fabric constituting the rubbing cloth of this invention have such
durability that the fibers are not cut even if they are small in
single fiber fineness. Therefore, it is preferred that the fibers
have a breaking strength of 2.0 cN/dtex or more. More preferred
is 2.5 cN/dtex or more, and especially preferred is 3.0 cN/dtex
or more. It is preferred that the breaking strength is higher, but
considering productivity, fibers with a breaking strength of 7.0
cN/dtex or less can be suitably produced. Furthermore, it is
preferred that the fibers have a residual elongation of 5 to 80%,
since it is preferred that the deformation of the fibers at the
time of rubbing treatment issmall. Arangeof 5to 50% isespecially
preferred.

[0030] As the fibers used in the woven or knitted fabric constituting

14



the rubbing cloth of this invention, at least one selected from
natural fibers, semi-synthetic fibers, regenerated fibers and
synthetic fibers can be used. However, it 1s preferred that the
fibers have stable physical properties, and filament varns are
preferred as described before. Therefore, semi-synthetic fibers,
regenerated fibers and synthetic fibers are preferred, and
especlally synthetic fibers are preferred.

[003%] The polymers that constitute the semi~synthetic fibers,
regenerated fibers and synthetic fibers include, for example,
polyesters, poelyamides, pelyimides, polyeolefing, vinyl-based
polymers synthesized by addition polymerization of vinyl groups
such as polymethacrylate-based polymers and
polyacrylonitrile-based polymers, fiucerine-based polymers,
cellulose-based polymers, silicone-based polymers, aromatic or
aliphatic ketones, elastomers such as natural rubbers and synthetic
rubbers, and other diverse engineering plastics. However, in view
of heat resistance and £iber chipping resistance, polyesters and/or
polyamides are preferred.

[0032] Preferred polyamides include polyamides respectively formed
by the reaction between a carboxylic acid or carboxylic acid
chloride and an amine. Particularlynylon 6, nylon7, nylon 8, nylon
11, nylen 12, nylon 6,6, nylon 4,6, nyleon 6,%, nylon 6,12, nylon
5,7, nylon 5,6, nylon €T, nylon 9T, MXDt nylon, etc. can be
enumerated. To such an extent that the object of this invention
is not impaired, a polyamide copolymerized with another aromatic,
aliphatic or alicyclic dicarboxylic acid and another arcmatic,
aliphatic or alicyclic diamine can be used, or a polyamide
copelymerized with only one arcmatic, aliphatic, alicyclic
aminocarboxylic compound having both & carboxylic acid and an amino

group can also be used, or a polyamide further copolymerized with
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third and fourth copeolymerization components can alsc be used.

[0033] Further, preferred polyesters include polvesters
respectively formed by the esterification reaction between a
carboxylic acid and an alcohol. Theyparticularly include polymers
respectively formed of the ester linkage between a dicarboxylic
acid compound and a diol compound. Such polymers include aromatic
pclyesters such as polyethylene terephthalate (PET),

polytrimethylene terephthalate (alsoc may be called polypropylene
terephthalate; PTT), polytetramethylene terephthalate (PBRT),

polyethylene naphthalate (PEN), polyprepylene naphthalate (PPN)

and poly(cyclohexanedimethanol terephthalate) (PCMT), liguid
crystal polyesters with melt liquid crystal properties containing
an arcmatic hydroxycarboxylic acid as a main component, etc.

Further, z polyester formed of the ester linkage between a
dicarboxylic acid compound and a diol compound can also be
copolymerized with another component, for example, a dicarboxylic
acid cempound to such an extent that the object of this invention
is not impaired. The dicarboxylic acid compound can be selected
from zromatic, aliphatic and alicyclic dicarboxylic acids such as
terephthalic acid, isophthalic acid, naphthalenedicarboxylic acid,
diphenyldicarboxylic acid, anthracenedicarboxylic acid,

phenanthrene dicarboxylic acid, diphenylether dicarboxylic acid,

diphenoxyethanedicarboxylic acid, diphenylethanedicarboxylic
acid, adipic acid, sebacic acid, 1,4-cyclohexanedicarboxylic acid,
S5-sodiumsulfoisophthalic acid, S-tetrabutylphosphonium
isophthalic acid, azelaic acid, dodecanedioic acid and
hexahydroterephthalic acid, derivatives thereof such as alkylation,
alkoxylaticn, allylation, arvlation, aminaticn, imination and
halogenation products, addition products, structural isomers and

optical isomers therecf. Any one of these dicarboxylic acid
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compounds can be used alcone, or two or more of them can also be
used in combination to such an extent that the object of this

inventicn is not impaired.

[0034] As preferred copolymerization components of polyesters, diocl
cempounds can be copolymerized. The diol compounds inciude
aromatic, aliphatic and alicyclic dicl compounds such as ethylene
glycel, propylene glycol, butylene glycol, pentanediocl, hexanediol,
1,4-cyclohexanedimethanol, necpentyl glvcol, hydregquinone,

rescorcinol, dihydroxybiphenyl, naphthalenediol, anthracene diol,

phenanthrens diol, Z2;,2-bls(4-hydroxyphenyl)propane,

4,4’ -dihydroxydiphenylether, bisphencl 3, polyethyvlene glvcol,

polypropylene glycol and polybutylene ether, derivatives thereof
such as alkylation, alkoxylation, allylation, arvlation, amination,
imination and halogenation products, addition products, structural
isomers and optical iscomers thereof. Any one of these diocl
compounds can be used alone, or two or more of them can alsoc be
used in combination to such an extent that the object of this
invention is not impaired.

[0035] Further, as preferred copolymerization components of
polyesters, there are compounds respectively having a hydroxyl
group and a carbexylic acid, namely, hydroxycarboxylic acids. The
hydroxycarboxylic acids include arometic, aliphatic and alicyclic
hydroxycarboxylic acids such as lactic acid, 3-hvdroxypropionate,

3-hydroxvybutyiate, 3-hydroxybutyrate valerate, hydroxvbenzoic
acid, hydroxynaphtheceic acid, hydroxyvanthracene carboxvlic acid,

hydroxyphenanthrene carboxylic acid and (hydroxyphenyl)vinyl
carboxylic acid, derivetives thereof such as alkylation,

alkoxylation, allylation, arylation, amination, imination and
halogenaticn products, addition products, structural isomers and

optical isomers thereof. Any cne of these hydroxycarboxylic acids
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can be used alcone, or two or more of them can also be used in
combination to such an extent that the object of this invention
is not ilmpaired.

[0036] As preferred polyesters, polyvesters in which an aromatic,
aliphatic or alicyclic compound having a carboxylic acid and a
hydroxyl group, namely, an aromatic, aliphatic or alicyclic
hydrocarbexylic acid compeound is a main recurring unit, can also
be used, Polymers respectively cdntaininq such a
hydroxyvcarboxylic acid include polyesters containing a
hydroxycarboxylic acid such as polyglycolic acid, polylactic acid,
poly {(Z-hydroxvybutyric acid), poly (4~hvdroxybutyric acidy,
poly(4~hydroxyvaleric acid) or poly(é-hydroxycaproic acid), and
polyesters such as polyglycolic acid and polylactic acid obtained
by polymerizing a single monomer such as glycollide, lactide,
butyrolactone or caprolactone, and further, any of these
polvhydroxycarboxylic acids may also be copolymerized with an
aromatic, aliphatic or alicyclic dicarboxylic acid or an aromatic,
aliphatic or alicyclic diol to such an extent that the cbject of
this invention is not impaired, or may also be copolymerized with
multiple hydroxycarboxylic acids.

(0037} Among these preferred polyesters, PET-based polymers,
PTT-based polymers, PBT-based polymers, PEN-based polymers,
PCMT-based polymers and PPN-based polymers are preferred, for such
reasons that since they have a high initial tensile modulus, the
woven or knitted fabric obtained by using any of the polyesters
can have excellent alignment properties at the time of rubbing
Treatment and that since they have a high melting peint, the fibers
are unlikely to be deformed even by the friction heat generated
at the time of rubbing treatment. Polyesters such as PET-based

polymers, REN~based polymers and PCMT-based polymers are espacially
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preferred.

[0038] As the material of the fibers used in the woven or knitted
fabric constituting the rubbing cloth of this invention, it is
preferred to use any of the preferred polyesters and/or polyamides
as described above. Any one of the polyesters and/or polvamides
may be used alone, or multiple polyesters and/or polyamides may
also be used together to such an extent that the cbiject of this
invention is not impaired. Further, in the woven or knitted fabric
used in this invention, conductive fibers, electrostatic fibers
or stretchable fibers may also be used together to such an extent
that the object of this invention is not impaired.

[0039] Further, the fibers used in the woven or knitted fabric
constituting the rubbing cloth of this invention may contain small
amounts of additives such as a delustering agent, flame retarder,
lubricant, thinner, antioxidant, ultravioclet 1light absorber,
infrared light absorber, crystal nucleating agent, fluorescent
brightener, end-group sealer and conducting agent to such an extent
that the object of this invention is not impaired.

[0040] The rubbing cloth of this invention has an elastic material
laminated on the aforementioned woven or knitted fabric. The
rubbing c¢loth of this invention in which a woven or knitted fabric
and an elastic material are laminated on each other and integrated
has the woven or knitted fabric disposed to contact the alignment
film when the rubbing cloth is used for rubbing treatment, and the
elastic material plays the role of pressing the woven or knitted
fabric against the alignment film. Materials suitable as the
elastic material layer include a polyurethane foam, polyethylene
fecam, polypropylene foam, polystyrene foam, polylactic acid foan,
nen-woven fabric, etc. Further, for the purpose of adjusting

mechanical properties such as elastic modulus, a non-woven fabric
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or woven or knitted fabric ilmpregnated or ccated with such a resin
as polyurethane or melamine can alsc be used. Among them, a
polyurethane foam is more preferred since it has moderate elasticity
and 1s well adhesive to the woven or knitted fabric when the elastic
material and the woven or knitted fabric are laminated on each cther
and integrated. The polyurethane foam consists of an isocyanate
component, polyol component (highmolecular weight polyol component,
low molecular weight polyol component) and chain extender. As the
isocyanate component, any compound publicly known in the field of
polyurethanes can be used without any limitation. Examples of the
isccyanate component include aromatic diisccyanates such as
Z,4-toluene diisocyanate, 2,6-toluene diisocyanate,
2,2"-diphenylmethans diisocyanate, 2,4’ -diphenylmethane
diisocyanate, 4,4’ -diphenylmethane diisocyanate, 1,5-naphthalene
diisocyanate, p~-phenylene diisocyanate, m-phenylene diisocyanate,
p-xylylene diisocyanate and m-xylylene diisocyanate, aliphatic
diisccyanates such as ethylene diisocyanate,
2,2,4~trimethylhexamethylene diisocyanate and 1,é6-hexamethylene
diiscocyanate, and alicyclic diisocyanates such as 1, 4-cyclohexane
diisocyanate, 4,4’-dicyclohexylmethane diisocyanate, isophorone
diisocyanate and norbornene diisocyanate. Any one of them can be
used alone, or two of more of them can also used as a mixture. 4s
the 1sccyanate compound, in addition to the abovementioned
diisccyanate compounds, a trifunctional or higher polyfunctional
poelyisocyanate compound can alsc be used. As polyfuncticnal
isocyanate compounds, a series of diisocyanate adduct compounds
such as Desmodul-N (produced by Baver) and trade name Duranate
(produced by Asahl Kaseil Corp.) are commercially available. Among
the abovementioned isocyanate components, i1t is preferred to use

o

an aromatic diisocyanate and alicyclic diisocyanate together. It
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is especially preferred to use toluene diisocyvanate and
dicyclohexylmethane dilsocyanate together. Highmolecular weight
polyol components include polyether polycls typified by
polytetramethyiene ether glycol, polyester polyols typified by
polybutylene adipate, polyester polycarbonate polycels exemplified
by the reaction product obtained from a polyester glycol such as
pelycaprolactone polyol or pelycaprolactone and an alkylene
carbonate, polyester polycarbonate polyols obtained by letting
ethylene carbonate react with a pelyhydric alcohol and then letting
the obtained reaction mixture react with an organic dicarboxylic
acid, polycarbonate polyols cobtained by the ester interchange
reaction between a polyhydroxyl compound and an aryl carbonats,
ete, Any one of them can be used alone or two or more of them can
also be used together. The number average molecular weight of the
high molecular weight pelyol component is not especially limited,
but in view of the elastic properties of the obtained polyurethane
resin, a number average molecular welight of 500 to 2000 is preferred.
If the number average molecular welght is less than 500, the
pclyurethane resin obtained by using the polyol does not have
sufficient elastic properties and becomes a fragile polymer. On
the other hand, if the number average molecular weight is more than
2000, the polyurethane resin obtained by uszing the polyol component
is too soft. As the polycel compenent, 4in addition to the
abovementioned high molecular weight polyol compeonents, it is
preferred to use a low molecular weight polyol component such as
ethylene glycol, 1,2-~propylene glyccl, 1,3-propylene glycol,
1,4~kbutanedicl, i,6-hexanediol, neopeantyl glycol,
1,4-cyclohexanedimethancl, 3~-methyl-1,5~pentanediocl, diethylene
glyceol, triethviene glycol or I1,4-bis{2-hydroxyethoxy)benzene

together. A low molecular welight polyamine component such as



ethylenediamine, tolylenediamine, diphenylmethanediamine or
diethylenetriamine can alsc be used. The (number average)
molecular weight of the low molecular weight polyol component or
the low mclecular weight polyamine component is less than 500,
preferably 250 or less. In the case where a polyurethane resin foam
is produced by a prepolymer method, z chain extender is used for
curing the prepclymer. The chain extender is an crganic compound
having at least two or mere active hydrogen groups, and examples
of the active hydrogen groups include hydroxyl groups, primary or
secondary amino groups, thiol groups (SH), etc. Examples of the
chain extender include polyamines exemplified by
4,47 ~methylenebis{o~chlorcaniline) (MOCA},
2,6-dichloro-p-phenylenediamine,

4,4 ~methylenebis (2, 3~dichloroaniline),
3,5-bis{methylthioc)~2,4-tocluenediamine,
3,5-bis{methylthio) -2, 6~toluenediamine,

3,5-diethyltcluene-2, 4~diamine, 3,5-diethyltcluene-2,6~diamine,
trimethyleneglycol-di-p-aminobenzoate,
1,2~bis(2-aminophenylthio)ethane,

4,4’ ~diamino-3, 3" ~diethyl-5, 5" ~dimethyldiphenyimethane,
N,N’~di=~gsec~butyl=~4, 4’ ~diaminodiphenylmethane,

3,3"~diethyl~4,4" ~diamincdiphenylmethane, m-xylylenediamine,
N,N’~di~gsec~butyl-p-phenylenediamine, m-phnylenediamine and
p~xylylenediamine, and further, the abovementioned low molecular
weight polyol components and low molecular weight polyamine
compeonents. Any cone of them can be used alone, or two or more of
them can also be used as a mixture. The ratio of the isocyanate
component, polyol compeonent and chain extender can be changed
variously in reference to themolecular weights and desired physical

properties of the respective compounds. The polyurethane resin
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foam can be produced by either a prepolymer method or one shot method.
However, a prepolymer method in which a prepolymer with isccyanate
end groups is synthesized beforehand from an isocyanate component
and a polyocl component, a chalin extender being made to react with
the prepolymer, is sultable, since the physical properties of the
obtained polyurethane resin are excellent, Meanwhile, a
prepolymer with isocyanate end groups having a molecular weight
of about 800 to about 5000 is suitably excellent in processability,

physical properties, etc. A peolyurethane resin fcocam can be
produced by a method of adding hollow beads, mechanically foaming
method, chemically fcaming methed, etc.

[0041] As a further other method for producing a polyurethane foam,

a method of wet-coagulating a polyurethane can be employed. In this
method, a polyurethane resin is dissolved into a water-miscible
solvent such as DMF, and the solution is cast on release paper or
film, the release paper or filmbeing immersed in water or an agueous
solution of the abovementioned water-miscible solvent. According
to this method, the water-miscible solvent is replaced by water,

etc., to ceoagulate the polyurethane, when a microporous structure
is formed.

[0042] The elastic material produced as described above and the
woven or knitted fabric are laminated on each other and integrated
to form a rubbing cloth. As the integration method, a frame
lamination method or bonding method is preferred. A bonding method
is preferred since no heat treatment is required. That is, for
bonding the woven or knitted fabric and the elastic modulus to each
other, a methoed of giving an achesive to either the woven or knitted
Tabric or the elastic material and sticking both can be preferably
used. As the adhesive, an acrylic, polyurethane-based or

polyester-based resin can be selectively used as appropriate. As
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the methed for applying the adhesive, a method o¢f heating the
adhesive to higher than the melting point thereof to melt it for
coating, a method of dissclving the adhesive intcoc a solvent or
dispersing the adhesive into water for coating can be employed.
Further, a method placing a non-woven fabric or f£ilm formed of the
acdhesive between the woven or knitted fabric and the elastic
material and hot-pressing the laminate for achieving bonding can
also be employed. As said bonding method further, either a method
of fixing the woven or knitted fabric and the elastic material at
several points of the interface or a method of fixing them on the
entire interface can be selected. A method of fixing the woven or
knitted fabric and the elastic material on the entire interface
is especially preferred for preventing that the woven or knitted
fabric and the elasticmaterial shift from each other during rubbing
treztment.

[0043] It is preferred that the elastic material used in the rubbing
cloth of this invention i1s such that the ratio R of the stress at
the time of 50% compressicn (PFZ) to the stress at the Time of 10%
compression (Pl}) in the thickness direction c¢f the rubbing cloth
(R =P2/Pl) is in a range of .20 < R < 2.00. Usually, in rubbing
treatment, a rubbing roller having a rubbing cloth formed arcund
it is rotated and moved straight on the alignment film formed on
the surface of a substrate while being kept in contact with the
alignment film, tomake the alignment filmaligned. During the tims
pericd from the time when the rubbing roller starts contact with
the alignment film till the time when the rubbing rcller leaves
from the alignment f£ilm, the distance between the curved surfacs
of the roller and the alignment film changes gradually with the
rotation of the roller. That is, while the roller is rotated, the

rubbing cloth is continucusly compressively deformed in the
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thickness direction of the rubbing cloth. In the rubbing treatment,
even during the series of compressive deformation, it is preferred
that the alignment performance of the rubbing cloth does not change
as far as possible, and that alignment treatment is performed at
a constant stress, That is, even during the aforementioned
continuous compressive deformation, it is preferred that the stress
of the elastic material at the time of compression does not change.
Therefore, 1t i1s preferred that the elastic material used in the
rubbing cleth of this invention is such that the ratio of the stress
at the time of 0% compression (P2) to the stress at the time of
10% compression (P1) in the thickness direction of the rubbing cloth
isinarange 0f 0.90<R<2.00, so that stable alignment performance
can be exhibited during rubbing. In view of stable rubbing
performance free from alignment irregularity, it is more preferred
that said ratio R is in a range of 0.90 £ R £ 1.80. An especially
preferred range is 1.00 £ R £ 1.50.

[0044] The thickness of the rubbing cloth of this invention can
be decided in reference to the rubbing device used. However, it
is preferred that the thickness cof the rubbing cleoth is 0.5 mm or
more, since the resiliency cf the elasticmaterial effectively acts.
More preferred is 1.0 mm or more, and especially preferred is 1.5
mm or more. It is preferred that the upper limit in the thickness
of the rubbing cloth is 20 mm or less, since it is difficult to
install a too thick rubbking clcoth in the rubbing device. More
preferred is 10 mm or less,.

[0042] This invention isexplainedbelow particularly inmore detail
based on examples, but is not limited thereto or thereby. Meanwhile,
the physical property values in the following examples were measurad
according to the following methods.

EXAMPLES
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[0046] A. Measurement of single fiber fineness [decitexes (dtex)]

Fibers {multifilament) were reeled by a length of 100 m, and
the weight (g} of the reeled fibers was measured. Themeasured value
was multiplied by 10C. The multifilament was weighed three times
like this, and the mean value was obtained as the fineness of the
multifilament. The fineness was dividedby the number of the single
fibers constituting the multifilament, to obtain a single fiber
fineness [dtex]. Calculationwasmade with two significantdigits.
[0C47] B. Measurement of initial tensile modulus, residual
elongation and breaking strength of fibers

A tensile tester produced by Orientec Co., Ltd. (Tensiron
UCT-100) was used tomeasure the initial tensile module (drawn yarns
only), breaking strength and residual elengation at an initiazal
sample length ¢f 50 mm and at a stress rate of 400 mm/min for undrawn
yarns or at an initial sample length of 200 mm and &t a stress rate
of 200 mm/min for drawn varns. The measurement was made five times,
and the mean value of five measured values was emplioyed as the value
of each property. For the initial tensile modulus, recording on
a chart sheet was made at a chart speed of 100 cm/min and with &
stress full range ¢f 500 g, and the initial tensile modulus was
cbtained from the gradient of the curve in the beginning of tension.
The initial tensile modulus, residual elongation and breaking
strength were calculated with two significant digits.
1004871 C. Calculation of ratio R ¢of the stress at the time of 50%
compressicn {(P2) to the stress at the time of 10% compression (P1l)
of elastic material (R = P2/P1)

According to “7. Compression deflection method B” of JIS K
©400-2 (2004}, & 50 mm thick, 3C0 mm long and 300 mm wide specimen
was indented by a pressure plate with a diameter of 200 mm at an

indentation speed of 100 mm per minute down to 75% thickness of
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the specimen in an atmosphere of 23°C temperature and 50% relative
humidity, and the pressure plate was returned at the same speed.
The series of compression~stress curve was automatically recordsed
for measurement. The ratio R was calculated from the stress at the
Time of 10% compression (Pl) and the stress at the time of 50%
compression, with three significant digits.
[004¢] D. Evaluationof alignment performance (alignment regulation
force}) and evaluation of fiber abrasion

A substrate with an alignment film to be treated with rubbing
was prepared and treated with rubbing for evaluation. Particularly,
a 10 cm square glass substrate with a polyimide alignment film was
prepared, and on the other hand, a rubbing cloth stuck to a rubbing
roller made of stainless steel with a diameter of 50 mm using a
double-coated adhesive tape was attached to a rubbing device.
Meanwhile, the polyimide alignment film was prepared by coating
the glass substrate with a polyimide precursor sclution (SE-7492
produced by Nissan Chemical Industries, Ltd.) and baking at 250°C.
[0050] In the rubbing device, while the rubbing roller was rotated
at a rotation speed of 1500 rpm, the rubbing cloth was brought closer
to the alignment film and pressed against the surface of the
alignment film till the thickness of the rubbing cloth from the
surtface became 50% (this state is called 50% indentation). In this
state, the stage mounted with the substrate was moved in & certain
direction at a moving speed of 30 mm/sec, to perform rubbing
treatment. This rubbing treatment was performed for two substrates
using the same rubbing cloth, and the two substrates were jointed
sc that the alignment films might face each other with the rubbing
treatment directions kept in anti-parallel to each other, to form
a cell. The clearance between the two substrates was packed with

a liguid crystal. The final liquid crystal cell gap was about 5
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um.

[0051] The prepared liguid crystal cell was held between two
polarizing plates, and light was transmitted for visually cbserving
the alignment state of the liguid crystal, in comparison with the
intensity of the light transmitted through a place other than the
ligquid crystal cell. The liquid crystal cell showing good light
transmittance and found to be sufficient in alignment performance
was evaluated to be excellent {expressed by a double circle}, and
the liguid crystal cell showing the marks of ligquid crystal flow
caused when the liguid crystal was packed or found to be weak in
liguid crystal alignment ©performance but showing 1light
transmittance was evaluated to be gocd (expressed by a single
circle). Further, the liquid crystal cell showing no light
ransmittance at all was evaluated to be poor (expressed by a
triangle).
[0052] Further, after completicon of rubbing treatment, the surface
of the alignment film on the substrate and the ends of the alignment
film were observed using Digital Microscope VHX-100 produced by
Keyence Corporation. The alignment £ilm showing no fiber abrasion
at all or showing a few fiber abrasion on the surface or at the
ends thereof was evaluated to be excellent (expressed by a double
circle), and the alignment film showing fiber abrasion on the
surface or at the ends thereof but less than the fiber abrasion
of the rubbing cloth formed of a pile cloth of Comparative Example
2 was evaluated to be good (expressed by a single circle). The
alignment f£ilm showing fiber abrasion on the surface or at the ends
thereof as many as or more than the fiber abrasion of Comparative
Example 2 was evaluated to be poor (expressed by a triangle).
{0053] (Method for producing polyethylene terephthalate (PET)):

An cligomer was obtained from 166 parts by weight of terephthalic
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acid and 75 parts by weight of ethylene glycol by an ordinary
esterification reaction, and 0.03 part by weight of 85% phosphoric
acid aqgqueous soluticn as a colcration preventive, 0.06 part by
welght of antimony trioxide as a polycondensation catalyst and 0.06
part by weight of cobalt acetate tetrahydrate as a toner were added
Lo the oligomer, to pericrm a polycondensation reaction, for
obtaining usually used pellets of polyethylene terephthalate
{hereinafter referred to as PET) of IV 0.66,

[0054] (Production of polytrimethylene terephthalate (PTT)): Cne
hundred thirty parts (6.7 mole parts) of dimethyl terephthalate,
114 parts {15 mole parts) of 1, 3-propanedicl, 0.24 part (0.014 mole
part) of calcium acetate monohydrate and 0.1 part (0.01 mole part)
of lithium acetate dihydrate were added, and while methanol was
distilled away, an ester interchange reaction was performed to
obtain an oligomer. To the oligomer, 0.065 part of trimethyl
phosphate and 0.134 part of titanium tetrabutoxide were added, and
while 1,3~propanedicl was distilled away, a polycondensation
reaction was performed to obtain a prepclymer as chips. The
obtained prepolymer was further polymerized in scolid phase in a
nitrogen stream at 220°C, to obtain pellets of polytrimethylene
terephthalate (PTT) of IV 1.16. Before the PTIT pellets were used
for melt spinning, they were dried in vacuum at 150°C for 10 hours.
[0055] (Production of warp varn 1): The PET pellets were dried in
vacuum at 150°C for 10 hours and melt¢-spun using an extruder type
melt spinning machine equipped with a double~screw extruder {(screw
length IL/screw diameter D = 35) at a spinning temperature of 280°C,
using a die having 144 round holes with a hcle diameter of 0.20
mm, and an agueous treating agent (effective component
concentration 20 wt%) was deposited on the filaments to have 1 wt$

of the effective component deposited thereon. Then, the filaments
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were taken up at a speed of 1500 m/min, to cobtain a wound
miltifilament.

[0056] The wound mulitifilament was drawn and heat-treated with the
varn feed speed of a yarn feed reoller at 320 m/min, with the varn
feed speed of a first roller at 320 m/min at 80°C, with the varn
feed speed cof & second roller at 800 m/min at 120°C and with the
varn feed speed of a third roller at 800 m/min at room temperature,
and the yarn was cooled by a cold roller to lower than the glass
transition temperature (Tg: 77°C) of the polyester, and wound to
cbtain adrawnmulitifilament varn (warp yvarn l) with amultifilament
fineness of 144 dtex, consisting of 144 filaments with a2 single
filament fineness of 1.00 dtex, the cross sectional form of each
filament being round. The fiber physical properties of the warp
varn 1 are shown in the column of woven fabric 1 in Table 1.
[0057] (Production of weft yarn 1): Melt spinning, drawing and heat
treatment were performed by the same methods as those for producing
the warp yarn 1, except that a die with 48 round holes with a hole
diameter of 0.30 mm was used, to obtain a drawn multifilament varn
(weft yarn 1) with a multifilament fineness of 56 dtex, consisting
of 48 filaments with a single filament fineness of 1.17 dtex, the
cross sectional form of sach filament being round.

{0058] (Production of woven fabric 1): The warp varn 1 and the weft
varn 1 (both, non-crimpled flat yarns) were used tc prepare a
10-harness warp satin weave fabric with 1000 warp multifilaments
per centimeter and 44 weft multifilaments per centimeter.

[0058] [Table 1]
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frable 1]

Properhes . Unn . W Woven fabne 1] Woven fabric 2] Woven fabrig 31 Woven fabng 41 Woven fabric 51 Woven fabric 6] Woven fabrig |
Production method (*1) P Direct spmning [Dissolving away} Dissolving away| Direct spinning | Direct spinning | Direct spinning | Direct spinning
.
Properties v
of fibers
(warp :
yams) r
+ cN/dtex
[
+ eN/dex
[
H
[
- Non-crimped | MNon-crimped | Non-crimped | Non-erimped | Nom-crimped | Non-crimped | Non-crimped
Properties E - 10-harness satin 10-hamess satin] 10-harpess satin} 1 0-harness satin] §0-harness satin] B-harness satin | S-harness sadn
of woven e e e e R it Sl Sl
fabric | varnsiem 100 100 100 70 20 180 100
{warp v N o
. 1
satin) {}l‘;’;‘b””mge #MENS bersiom] 14400 | 28800 |245000] 252¢C 3840 | 2865920 36060
Propertes :  Unit i Woven fobric 8] Woven fabric 81 Woven fabric | Woven fabricl 13 Woven fabric | Woven fahric | Woven fabric
Production methad {*1) E = Direct spimning | Direct spinning Iéifs_o_h_ru:.% aweay| -D_ix:e_ct_ spinring Direct spirming | Direct spinning | Direct spinning
PET
" BHAp 1O
Lo kahed
144
Properties T e T e S
of fibers {Filament count (¥2) ¢ fibers 144 36 144
(WP Iingle filament fineness E diex 1.0 2.0 1.0
BINS bbbl einliniailel il etk | Sty At dii it St
YIS et v moduts L e 10 11e g2
Swrength CeNidesf 4.0 4.5 3.8
Elongation E % 38 38 34
____________________ [N Gop R ) A
Crimping Lo Crimped Nor-eramped | Non-crimped Non-crimped | Non-¢rimped
Properues | Type of satin weave (*3) : = 10-harness satinf }0-harmess satim| § 0-hamess satin 10-hamess satin| 10-harness satin]
of woven jroorr--m=-- i el Sodedeeieiedieintel Iifiabel il ettt bnfdiieifeeddietel Minteiieleie il Sulielieliteeledied afieliele ittt
fabrie ffk:mb"r of multifilaments & vemf 100 50 100 100 100
(warp ’-.\i-li?;'g.f"‘--i-f-'l """" R D S I B e B
satin) ;’:SH;J of single HAmERS ! Sbersiem| 144 00 1800 14400 14400 | 14400

*1 Production method: Fiber production method selected from the foliowing:

Direct spinning: A method for obtaining fibers comprising melt spinning, drawing and hear weatment, without dissolving er splitting

Dissolving away: A method comprising the step of dissolving away the sea component of an islands-ri-sea type conjugate yam usmg a solvent. to obtain 1sland fibers oniy
Yarn splitting: Method of splitting a yarn by stressing the varn, to obtain fibers with 2 small fimeness

*2 Filament count: Number of single filaments constituting a muitifilament

*3 Type of saun weave: This refers to the number of warp yarns imersecring each weft vam or the number of weft yams intersecting cach warp yarn. A sarin weave in which
five warp yarns intersect each weft yarn or five weft yarns intersect each warp yarn is catled “S-harness satin” and if the number is 10 instead of 5, the satin weave 1s called
“10-harness satin."

*4 Number of multifilaments: Number of multifilaments per I crm. as the warp yarns in the direction paraliel to the rubbing direction on the surface of the satin weave fabric
t6 be pressed sgainst the orientation film

*5 Numnber of single filaments: Number of single filaments per | cm. of the warp yams exposed more than weft yarns on the surface to be pressed against the orientation film.

PET: Polyethylene terephthalate  PEN: Folyethylene naphthalate PTT: Polytrmethylene terephthainte  PBT: Polybutylene terephthalate Ny6: Nylon 6

[0060] (Production of warp yarns 2, 3 and 10): Wound multifilaments
were obtained by the same method as that of warp varn 1, except
that an extruder type conjugate yvarnmelt spinning machine eguipped
with two double-screw extruders {(screw length L/screw diameter D
= 35) was used to produce an islands-—-in-~sea type conjugate vyarn
2 or 3 (warp varn 2 .. 36 islands % 8 heles; warp yarn 3 .. 70 islands

% 35 holes) using PET as the island component and PEG~copolymerized



PET obtained by copolymerizing 15 wt% of polyethylene glycol (PEG)
having an average molecular weight of 1000 as the sea component,
or to produce a sheath-core con’jugate yarn (core .. PET, sheath ..
PEG-copolymerized PET; the sheath-core form as shown in Fig. 2;
144 holes in the die), and that the spinning temperature for melt
spinning was 275°C. The wound multifilaments were drawn and
heat-treated by the same method as that for the warp varn 1, to
obtain drawn multifilament yarns. The obtained varns were treated
with 1% sodium hydroxide aqueocus solution, to obtain warp yvarn 2,
warp yvarn 3 and warp varn 10.

[0061] (Production of warp varns 4 to 9): Melt spinning, drawing
and heat treatment were performed by the same methods as those for
producing the warp yarn 1, except that a die with holes as many
as the filament count shown in Table 1 (with a hole diameter of
0.3C mm for warp varn 4, 5, 7 or ¢ or 0.20 mm for warp yvarn 6 or
8) was used, to obtain drawn multifilament flat yarns (warp yarns
4 to 7 and 9) round in the cross sectional form of sach filament
shown in Table 1. Meanwhile, the warp varn 8 was obtained as =
crimped yarn twisted by 100 T/m.

[0062] (Production of warp yarns 11 to 14): Melt spinning, drawing
and heat treatment were performed by the same methods as those for
producing the warp varn 1, except that the polymer (warp varn 11
.. polyethylene naphthalate HIPERTUF 90000 produced by M&G Polymers,
hereinafter referred as PEN; warp varn 12 .. PTT; warp vyvarn 13
polybutylene terephthalate type 110088 produced by Toray Industries,
Inc., hereinafter referred to as PBT; warp varn 14 .. nylon 6 type
300 produced by Toray Industries, Inc.) shown in Table 1 was used,
that & die with holes as many as the filament count {(with a2 hole
diameter of 0.20 mm) was used, and that the spinning temperature

was 310°C for warp yarn 11 or 250°C for warp yarn 12, 13 or 14, to
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obtain drawn multifilament flat yvarns (warp varns 11 to 14) round
in the cress secticnal form of each filament shown in Table 1.
[0063] (Production of woven fabrics 2 to 14): Warp satin weave
fabrics {(woven fabrics 2 to 14) with 44 weft multifilaments per
centimeter, each multifilament being the same weft varn 1 as that
of the woven fabric 1, were prepared using the abovementiocned warp
yvarns 2 to 14. The types of satin, the numbers of warp
multifilaments and the numbers of warp single filaments of the
respective woven fabrics are shown in Table 1.
(0064} Examples 1 to 25 and Comparative Example 1

Rubbing cloths of Examples 1 to 25, each having the thickness
shown in Takle 3, using any cone cof the woven fabrics 1 to 14 shown
in Table 1, and having the properties shown in Table 2 and Figs.
3 and 4, were obtazined using pclyurethanse foam type TB-QJH
(characteristics as shown in Fig. 3; Examples 1 to 14 and 21 to
24; hereinafter referred as the elastic materizl 1) or type ZF
(characteristics as shown in Fig. 4; Examples 15 to 20 and 25;
hereinafter referred to as the elastic material 2} respecitively
preduced by Achilles Corporation, and an acrylic acid ester-pbased
adhesive, DICNAL K-1500 produced by Dainippon Ink and Chemicals,
Inc. (2 wt% of DICNAL V8-20 used as a thickener per 100 wt% of K~1500;
Examples 1 to 21 and 23 to 25; hereinafter referred as the adhasive)
or using a frame lamination method. A rubbing cloth using the woven
fabric 1 only without using any elastic material was evaluated as
Comparative Example 1. Evaluation results of alignment
performance (alignment regulation force) and fiber zbrasicon are
shown in Tabkle 3. It was found that the alignment performance and
the degree of fiber abrasion changed in response to the single
filament fineness, the polymer used for forming the filaments, the

number of warp single filaments and the type of satin weave (Examples



1 to 14) and that the alignment performance and the degree of fiber
abrasion changed also in response to the elastic material used,
the thickness of the rubbing cloth, and the method of bonding the
elastic material and the satin weave fabric (Examples 15 to 25).
However, generally good results were cbtained. On the other hand,
in Comparative Example 1, few fiber abrasion occurred, but since
there was no elastic material, it was difficult to uniformly press
the rubbing clcth against the alignment film, and alignment
irregularity occurred.
{0065] Comparative Example 2

The raised rayon cloth stated as No. 5 in Table 1 among the
examples of Patent Document 2 was used to evaluate the alignment
performance and fiber abrasion as in Example 1. Like Comparative
Example 1, no elasticmaterial was used. The alignment perfocrmance
was good, but so many fiber abrasion occurred as to be buried also
in the alignment film, and even 1% the cloth was washed with pure
water, the fiber abrasion could not be removed to show that the
cloth was pcor in fiber agbrasion.

[0066] [Table 2]

Table 2]
Properties ¢ Unit | Elastic material 1 Elastic material 2
Material - Polyurethane foam | Polyurethane foam
PI*5) | N 191 370
Properties of elastic materialf-------------~- R | LR
P2*¢) : N 264 723
RatioR (*7) | — 1.3 8 1.¢5

#5 P1: Siress at the time of 10% compression in the thickness direction of rubbing cloth
*G P2: Siress at the time of 50% compression in the thickness direction of rubbing cloth
*7 Ratio R Ratio of P2 to P1 (R =P2/P1)

[C067] [Table 3]
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$abie 3]

Pronemes »Umt i Example ] Exammle 2 Exemple 3 Example 4 Example 5 Exampie & Example 7 Exemple & Example 9
Woven fabric used E = [Woven fabric 1| Waven fabric 2| Woven fabric 3| Woven fabric 4 | Woven fabric 5| Woven fabric 6| Woven fabric 7] Woven fabric 8 | Woven fabric
| Elesticmmenial | | Blastic material| Elasnc matenial | Elastic matenal | Blasuc material ] Biastio materiel|
- U Boed LR S Lovedeomns U A o]
_ Bondmgmethod | w A Adhesve | Adnesive 1/ Adbegve | Adnesive i Adhesive |
!
Bonding site ¢ - § Eritive interface | Entire interface | Entire imterface | Entire interface I Entire interface
............. R R e ks LT T T I N B T T L v
o i ]
Ihickness o3 3.0 3.0 3.0 3.0 5.0
L Lapbbmedloth R e Tl ]
Criemanon b & o ) o )
L Loperformance vl e el
Fiberchips | - =) © 0 )] )]

Progemes L Unmitll Example 10 Examgie 11 Example 12 Example 13 Exmmple 14 Example 15 Example 16 Example 17 Example 18
Woven fabric

A 1 I J f W ) 3 ) ) ]
Woven fabric used| - Woven febnc | Woven fabne | Woven fabric oven fabric Waoven fabric 1| Woven fabric 3| Woven fabric 7 Woven fabric 9

Elastic matertal ! Elastic matertal | Elastic mazerial
o sed DR | ) UG RPUS g (RO RS VORI VO ON o 1 U SOL NN SR SRR S MUY SO
. Bonding method_: . Adbesive j Adhesive |
. Bondingsite o > [ Banre interface] Brure imerface | Entire pterface : Enpre interface | Entire interface | Bntire interface Ennire interface | I Entire mterface | Enuire interface |

Thickness of 1 30 3 g
. Jubbiog goth _; R
Onemtagon ¢
L _erformanee L d e A O __________ O _____
Fiberchips ¢ @] &
. [ Comparative | Comparative
8 G 2 3
Properties ' Unitf Exampie 19 Example 20 Example 21 Exampie 22 Example 23 Example 24 Example 25 Example | Exammnle 7
Woven fabric used; — WOV? Dfabnc Wﬂveﬁlfabm Waoven fabric 1| Woven fabric 1 | Woven fabric 1| Woven fabric 1{ Woven fabric 2| Woven fabric 1 Rﬁls;itr: yor
4

Fiber chips ¢ — ©: [} & & ) ) R & 7
*§ Dotted: The adhesive was applied as 5 mm dots with the distance between the centers of the respectively adiroent dots kept at 10 mem.
*9 Frame: Frame lamination method
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CLATIMS

[1] A rubbing cloth comprising a woven or knitted fabric, wherein
the woven or knitted fabric does not have raised lint and an elastic
material laminated on each other and integrated, wherein the
thickness of the rubbing cloth is 1.5 mm or more and 10 mm or less.
[2] A rubbing cloth, according to claim 1, wherein the woven or knitted
fabric is a satin weave fabric.

[3] A rubbing cloth, according to claim 1 or 2, wherein the fibers
constituting the woven or knitted fabric are long fibers.

[4] A rubbing cloth, according to claim 2 or 3, wherein the number
of single fibers of the warp vyarns or weft varns used to form the
surface layer of the satin weave fabric is 2000 fibers or more per
centimeter.

[5] A rubbing cloth, according to any one of claims 2 through 4,
wherein an intersection formed by five or more warp varns and one
welft yarn or formed by one warp varn and five or more weft yarns recurs,
(6] A rubbing cloth, according to any one of claims 2 through 5,
wherein the single fiber fineness of the warp yarns or weft VATNS
used to form the surface layer of the satin weave fabric is 2.0
decitexes or less.

t7]1 A rubbing cloth, according to any one of claims 2 through ¢,
wherein the warp varns or weft varns used to form the surface laver
of the satin weave fabric is & polyester and/or prolyamide.

[8] A rubbing cloth, according to any one of claims 2 through 7,
wherein the warp yarns or weft varns used to form the surface layer
of the satin weave fabric are formed of non-crimped fibers.

[2] A rubbing cloth, according to any one of claims 1 through 8,
wherein the elastic material used is such that the ratio R of the
stress at the time of 50% compression (P2) to the stress at the tfime
of 10% compression (P1) in the thickness direction of the rubbing

cloth (R = P2/Pl) is in a range of 0.90 £ R < 2.00.
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