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COATING LIQUID FOR COVERING GLASS FIBER AND RUBBER-
REINFORCING GLASS FIBER USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a glass-fiber coating liquid for
forming a coating layer on a glass fiber usable as a reinforcement in various
rubber products, so as to enhance adhesion of the glass fiber to a base rubber

material, and also relates to a rubber-reinforcing glass fiber using the coating

liquid.
BACKGROUND OF THE INVENTION

[0002] ~ Inorder to provide a rubber product such as a transmission belt or a

tire with tensile strength and dimensional stability, it is common practice to
embed a high-strength fiber e.g. a glass fiber, a nylon fiber or a polyester fiber as
a reinforcement in a base rubber of the rubber product. The rubber-reinforcing
fiber, for use as the reinforcement embedded in the base rubber, needs to have
good adhesion to the base rubber to define a tight interface between the rubber-

reinforcing fiber and the base rubber and prevent separation of the rubber-

reinforcing fiber from the base rubber. The glass fiber itself cannot however be

adhered to the base rubber and, even if adhered, shows such weak adhesion as
to cause interfacial separation between the glass fiber and the base rubber and

fail to function properly as the reinforcement.

[0003] There is accordingly often used in e.qg. the transmission belt a
rubber-reinforcing glass fiber produced by preparing a glass-fiber coating liquid in
which a resorcinol-formaldehyde resin and various latex components are
dispersed in water, and then, applying and drying a coating layer of the glass-
fiber coating liquid onto a glass fiber cord of filament yarn, so as to enhance
adhesion between the glass fiber and the base rubber and prevent interfacial

separation of the glass fiber from the base rubber. The coating layer has the
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effect of adhering the glass fiber to the base rubber when the rubber-reinforcing
glass fiber is embedded In the base rubber and formed into the transmission belt
under high-temperature conditions, but the strength of adhesion between the
glass fiber and the base rubber is not always sufficient. For exampie, a heat-
resistant rubber such as hydrogenated nitrile rubber (hereinafter abbreviated as
"HNBR") is employed as the base rubber of the automotive transmission belt for
use in a high-temperature engine room environment. In the case where the
rubber-reinforcing glass fiber is treated only with the above coating process and
embedded in the heat-resistant base rubber, however, the transmission belt
cannot maintain adhesion strength between the rubber-reinforcing glass fiber and
the base rubber during running where the transmission belt is continuously bent
under high-temperature conditions. This can result in the occurrence of interfacial

separation between the rubber-reinforcing glass fiber and the base rubber during

long hours of running.

[0004] In view of the foregoing, Patent Documents 1 to 6 propose the

production of rubber-reinforcing glass fibers for use in transmission belts, by
performing the above coating process to form primary coating layers on glass
fiber cords and applying and drying secondary coating liquids of different

compositions to form secondary coating layers on the primary coating layers,

such that the transmission belts become able to maintain adhesion of the rubber-

reinforcing glass fibers to cross-linked HNBR belt materials, without causing
interfacial separation between the rubber-reinforcing glass fibers and the cross-

linked HNBR materials, and to secure long-term reliability even under high-
temperature running conditions.

[0003] More specifically, Patent Document 1 discloses a coating treatment

technique that uses a secondary coating liquid containing a halogen-containing
polymer and an isocyanate.

[0006] Patent Document 2 discloses a rubber-reinforcing glass fiber cord

produced by applying, drying and curing onto a rubber-reinforcing glass fiber a



10

15

20

25

CA 02581748 2009-06-10

primary coating of treatment liquid containing a resorcinol-formaldehyde
condensate and a rubber latex, and then, applying drying and curing a secondary
coating of different treatment liquid onto the primary coating, wherein the
secondary coating treatment liquid contains as main components a rubber-
blended material, a vulcanization agent and a maleimide-based vulcanization

accelerator.

[0007] Patent Document 3 discloses a rubber-reinforcing glass fiber cord
produced by applying, drying and curing onto a rubber-reinforcing glass fiber a
primary coating of treatment liquid containing a resorcinol-formaldehyde
condensate and a rubber latex, and then, applying drying and curing a secondary
coating of different treatment liquid onto the primary coating, wherein the
secondary coating treatment liquid contains as main components a rubber-
blended material, a vulcanization agent and a dimethacrylate-based vulcanization
accelerator and the rubber-blended material is a mixed rubber solution of a

hydrogenated nitrile rubber and a hydrogenated nitrile rubber in which zinc

methacrylate is dispersed.

[0008] Patent Document 4 discloses a rubber-reinforcing fiber treatment

liquid containing a rubber latex, a water-soluble resorcinol-formaldehyde

condensate and a triazinethiol.

[0009] Patent Document 5, filed by the present applicant, discloses a
rubber-reinforcing glass fiber material produced by applying and drying onto a
glass fiber a coating of emulsified glass-fiber coating liquid in which an acrylic
ester resin, a vinylpyridine-styrene-butadiene copolymer and a resorcinol-
formaldehyde resin are dispersed in water, and then, applying another coating of
glass-fiber coating liquid in which a halogen-containing polymer and 0.3 to 10.0%
by weight of a bis-allylnagiimide, with respect to the weight of the halogen-
containing polymer, are dispersed in an organic solvent. This rubber-reinforcing

glass fiber material has been proven to show good adhesion to HNBR.
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[0010] Patent Document 6, filed by the present applicant, discloses a
rubber-reinforcing glass fiber maternial produced by applying, drying and curing
onto a glass fiber a primary coating of glass-fiber coating liquid in which a
rescorcincl-formaldehyde resin and a rubber latex are dispersed In water, and
then, applying, drying and curing onto the primary coating a secondary coating of
different glass-fiber coating liquid in which a bis-allylnagiimide, a rubber
elastomer, a vulcanization agent and an inorganic filler are dispersed in an
organic solvent. This rubber-reinforcing glass fiber material has also been proven
to show good adhesion to HNBR and, when embedded in HNBR for use as the
reinforcement in the transmission belt, show high heat resistance without a

deterioration in tensile strength even after long hours of running under high-

temperature conditions.

[0011] As discussed above, the conventional heat-resistant transmission
belt is produced by applying and drying the glass-fiber coating liquid of
resorcinol-formaldehyde resin, vinylpyridine-styrene-butadiene copolymer and
chlorosulfonated polyethylene onto the glass fiber cord and embedding the
resulting rubber-reinforcing glass fiber in the heat-resistant HNBR material.
Further, the rubber-reinforcing glass fiber is generally provided with the

secondary coating layer before embedded in the heat-resistant HNBR material.

Patent Document 1: Japanese Examined Patent Publication No. 2-4715
Patent Document 2: Japanese Patent No. 3201330

Patent Document 3: Japanese Patent No. 3201331
Patent Document 4: Japanese Laid-Open Patent Publication No. 10-25665

Patent Document 5: Japanese Laid-Open Patent Publication No. 2004-203730

Patent Document 6: Japanese Laid-Open Patent Publication No. 2004-244785
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SUMMARY OF THE INVENTION

[0012] For use of the rubber-reinforcing glass fiber as the reinforcement
embedded in the base rubber of the transmission belt, the coating is applied to

the glass fiber cord to enhance adhesion between the rubber-reinforcing glass

fiber and the base rubber.

[0013] The above conventional transmission belt secures initial strength of
adheslon between the rubber-reinforcing coated glass fiber cord and the base
rubber, but does not combine high water resistance and high heat resistance to
maintain initial tensile strength without changes in dimension even after long
hours of running under high-temperature high-humidity conditions. The

conventional transmission belt is particularly inferior in water resistance.

[0014] It I1s required that the transmission belt, for automotive use, is
capable of withstanding exposure to engine heat and rainy weather. Namely, the
transmission beilt needs to have both of heat resistance and water resistance so
as to show good dimensional stability and maintain tensile strength after long

hours of running under high-temperature high-humidity conditions.

[00135] The development of a rubber-reinforcing glass fiber having a glass
fiber cord covered with a coating layer to show equal or higher strength of
adhesion to the heat-resistant rubber material, as compared to the conventional
transmission belt produced by embedding either of the rubber-reinforcing glass
fibers of Patent Documents 1 to 6 in the heat-resistant rubber, attain heat
resistance to maintain initial strength of adhesion between the glass fiber and the
rubber after long hours of running under high-temperature conditions and attain
water resistance to prevent water penetration into the glass fiber cord and
maintain initial strength of adhesion between the glass fiber and the rubber after

long hours of running under wet conditions has been thus awaited.

[0016] As a result of extensive researches, the present inventors have

found that, when a rubber-reinforcing glass fiber is produced by preparing a
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6
glass-fiber coating liquid containing a vinylpyridine-styrene-butadiene copolymer, a

chlorosulfonated polyethyilene and a monohydroxybenzene-formaldehyde resin
obtained by reaction of monohydroxybenzene and formaldehyde, applying and
drying a coating layer of the glass-fiber coating liquid onto a glass fiber cord and
providing an additional coating layer on the preceding coating layer and is then
embedded in a HNBR material for use as a transmission belt, it becomes possible to
achieve good adhesion between the rubber-reinforcing glass fiber and the heat-
resistant rubber and provide the transmission belt with high water and heat
resistance to maintain tensile strength and show good dimensional stability after

long hours of running under high-temperature wet conditions.

[0017] In other words, there is provided according to an embodiment of the
present invention, a glass-fiber coating liquid for forming a coating layer on a glass
fiber cord, prepared in the form of an emulsion by dispersing a phenol resin, a
vinylpyridine-styrene-butadiene copolymer (B) and a chlorosulfonated polyethylene
(C) into water, wherein the phenol resin is a monohydroxybenzene-formaldehyde
resin (A) obtained by reaction of monohydroxybenzene (D) and formaldehyde (E).

Another embodiment of the invention relates to a glass-fiber coating liquid as
defined hereinbefore, wherein the monohydroxybenzene-formaldehyde resin (A) is
a resol resin obtained by reaction of the monohydroxybenzene (D) and the
formaldehyde (E) in the presence of a base catalyst at a mole ratio of the
formaldehyde (E) to the monohydroxybenzene (D) of E/D = 0.5 to 3.0.

Another embodiment of the invention relates to a glass-fiber coating liquid as
defined hereinbefore, wherein the monohydroxybenzene-formaldehyde resin (A),
the vinylpyridine-styrene-butadiene copolymer (B) and the chlorosulfonated
polyethylene (C) are contained in amounts of A/(A+B+C) = 1.0 to 15.0% by weight,
B/(A+B+C) = 45.0 to 82.0% by weight and C/(A+B+C) = 3.0 to 40.0% by weight,
respectively.
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ba
Another embodiment of the invention relates to a glass-fiber coating liquid as

defined hereinbefore, wherein the vinyipyridine-styrene-butadiene copolymer (B) is

replaced with a styrene-butadiene copolymer (F) in an amount of F/B = 5.0 to 80.0%
by weight.

Another embodiment of the invention relates to a rubber-reinforcing glass fiber,

comprising:

a primary coating layer formed by applying and drying on the glass fiber, the glass-
fiber coating liquid as defined hereinabove; and

a secondary coating layer formed by applying a secondary glass-fiber

coating liquid on said primary coating layer,

wherein the secondary glass-fiber coating liquid 1s prepared by dispersing a
halogen-containing polymer (G) and a bis-allylnagiimide (H) in an amount of H/G =

0.3 to 10% by weight into an organic solvent, and

wherein the halogen-containing polymer (G) is contained in an amount of 10.0 to
70.0% by weight based on the weight of the secondary coating layer. According to a
particularly preferred embodiment, the bis-allyinagtimide (H) may be either one of N-
N'-hexamethylene diallylnagiimide, N-N'-(m-xylylene) diallylnagiimide and N-N'-(4,4'-
diphenyimethane) diallylnagiimide.

Another embodiment of the invention relates to a rubber-reinforcing glass fiber as

defined hereinabove, comprising:

a primary coating layer formed by applying and drying on the glass fiber, the glass-
fiber coating liquid as defined hereinabove, and

a secondary coating layer formed by applying a secondary glass-fiber coating, liquid

on said primary coating layer,
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6b
wherein the secondary glass-fiber coating liquid is prepared by dispersing a

halogen-containing polymer (G), zinc methacrylate (I) and an organic diisocyanate

(J) in an amount of J/G = 5.0 to 50.0% by weight into an organic solvent, and

wherein the halogen-containing polymer (G) is contained in an amount of 10.0 to
70.0% by weight based on the weight of the secondary coating layer. According to a
particularly preferred embodiment, the organic diisocyanate (J) may be either one of
hexamethylene  dilsocyanate, isophorone  diisocyanate, methylene-bis(4-
cyclohexylisocyanate), toluene diisocyanate, xylene diisocyanate, naphthalene
diisocyanate, and methylene-bis(phenylisocyanate). According to another
particularly preferred embodiment, the secondary glass-fiber coating liquid may be
prepared by dispersing the halogen containing polymer (G), the organic
diisocyanate (J) and the zinc methacrylate (1) in an amount of I/G = 0.001% into the
organic solvent, and wherein the halogen-containing polymer (G) is contained in an
amount of 10.0 to 70.0% by weight based on the weight of the secondary coating

layer.

Another embodiment of the invention relates to a rubber-reinforcing glass fiber as

defined hereinabove, comprising:

a primary coating layer formed by applying and drying on the glass fiber, the giass-
fiber coating liquid as defined hereinabove, and

a secondary coating layer formed by applying a secondary glass-fiber coating liquid
on said primary coating layer,

wherein the secondary glass-fiber coating liquid is prepared by dispersing a

halogen-containing polymer (G) and a maleimide (K) in an amount of K/G = 20.0 to

90.0% by weight into an organic solvent, and

wherein the halogen-containing polymer (G) is contained in an amount of 10.0 to

70.0% by weight based on the weight of the secondary coating layer. According to a
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6¢C
particularly preferred embodiment, the maleimide (K) may be selected from N,N-m-

phenylene di-maleimide, 4,4'-diphenylmethane bis-maleimide, polyphenylmethane
maleimide, m-phenylene bis-maleimide, 4-methyl-1,3-phenylene bis-maleimide,
4,4'-diphenylether bis-maleimide, 4,4'-diphenyisulfone bis-maleimide, chlorophenyl
maleimide, methyiphenyl maleimide, hydroxyphenyl maleimide, carboxyphenyil

maleimide, dodecyl maleimide and cyclohexy! maleimide.

Another embodiment of the invention relates to a rubber-reinforcing glass tiber as

defined hereinabove, comprising:

a primary coating layer formed by applying and drying on the glass fiber, the glass-
fiber coating liquid as defined hereinbefore, and

a secondary coating layer formed by applying a secondary glass-fiber coating liquid

on said primary coating layer,

wherein the secondary glass-fiber coating liquid is prepared in the form of an
emulsion by dispersing a halogen-containing polymer (G) and a triazine compound

(M) in an amount of M/G = 0.3 to 10.0% by weight into an organic solvent, and

wherein the halogen-containing polymer (G) is contained in an amount of 10.0 to
70.0% by weight based on the weight of the secondary coating layer. According to a

particularly preferred embodiment, the triazine compound (M) may be either triallyl
cyanurate or triallyl isocyanurate.

Another embodiment of the invention relates to a rubber-reinforcing glass fiber as
defined hereinabove, wherein the halogen-containing polymer is a chlorosulfonated

polyethylene.

Another embodiment of the invention relates to a transmission belt in which the
rubber-reinforcing glass fiber as defined hereinabove, may be embedded in a base

rubber material.
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6d
Another embodiment of the invention relates to an automotive timing belt in which

the rubber-reinforcing glass fiber as defined hereinabove, is embedded in a

hydrogenated nitrile rubber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a perspective sectional view of a transmission belt produced

by embedding a rubber-reinforcing glass fiber in a heat-resistant rubber.

[0019] FIG. 2 1s a schematic view of a water-resistance running fatigue tester

for the transmission belt.

10020] FIG. 3 is a schematic view of a heat-resistance and flexion-resistance

running fatigue tester for the transmission beilt.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] A rubber-reinforcing glass fiber in which a glass-fiber coating liquid of

the present invention is applied to form a coating layer on a glass fiber cord
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shows, when embedded in a heat-resistant rubber material such as HNBR cross-
linked with sulfur or peroxide, good adhesion to the cross-linked HNBR material.
Further, a transmission belt in which the above rubber-reinforcing glass fiber is
embedded In the cross-linked HNBR material combines heat resisiance and
water resistance to ensure good dimensional stability and maintain tensile
strength, without the possibility of interfacial separation between the glass fiber
and the heat-resistant rubber material, even after long hours of use i.e. running

under high-temperature high-humidity conditions.

[0022] The glass-fiber coating liquid of the present invention is prepared by
dispersing a monohydroxybenzene-formaldehyde resin (A) as a phenol resin, a
vinylpyridine-styrene-butadiene copolymer (B) and a chlorosulfonated
polyethylene (C) into water and is then applied and dried onto the glass fiber
cord. The thus-formed coating layer is supposed to have the function of
preventing water penetration into the glass fiber cord. Another glass-fiber coating

liquid Is applied and dried to form a secondary coating layer on the above coating
layer.

(0023] As compared fo conventional rubber-reinforcing glass fibers, the
rubber-reinforcing glass fiber of the present invention is capable of protecting the
glass fiber cord from water penetration and, when embedded in the heat-resistant
rubber material such as cross-linked HNBR for use as the transmission belt,

imparting not only high heat resistance but also high water resistance to the
transmission belt.

[0024] In the present Iinvention, the dispersion system of the

monohydroxybenzene-formaldehyde resin  (A), the vinylpyridine-styrene-
butadiene copolymer (B), the chlorosulfonated polyethylene (C) and water is

used as the glass-fiber coating liquid to form the primary coating layer on the

glass fiber cord as mentioned above.

[0025] Herein, the transmission belt refers to a power transmission belt for

driving an engine or another machinery device from a power source such as
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engine or motor. Examples of the transmission belt are a synchronous belt that
allows power transmission by mesh gearing and a V belt that allows power
transmission by friction gearing. The automotive transmission belt is one type of
heat-resis i transmission veit used in an automotive engine room and
exemplified as a timing belt having teeth in mesh with pulley teeth to transmit a
crankshaft rotation to a timing gear and thereby drive an engine camshaft for

valve open/ciose timing control.

[0026] As the monohydroxybenzene-formaldehyde resin (A) of the glass-
fiber coating liquid of the present invention, a water-soluble or water-solvent resol
resin obtained by reacting monohydroxybenzene (D) with formaldehyde (E) at a
mole ratio of the formaldehyde (E) to the monohydroxybenzene (D) of 0.5 to 3.0,
..e., E/D=0.5 to 3.0 in the presence of a base catalyst is usable. If the mole ratio
of the formaldehyde (E) to the monohydroxybenzene (D) is less than 0.5, the
adhesion between the rubber-reinforcing glass fiber and the heat-resistant rubber
becomes weak. If the mole ratio of the formaldehyde (E) to the
monohydroxybenzene (D) exceeds 0.3, the glass-fiber coating liquid becomes

prone to gelation. The mole ratio E/D is preferably within the range of 0.3 to 1.2.

[0027] An example of the monohydroxybenzene-formaldehyde resin (A)

suitable for use in the glass-fiber coating liquid of the present invention is a

phenol resin commercially available under the trade name of Resitop PL-4667
from Gun Ei Chemical Industry Co., Ltd.

[0028] The base catalyst can be either lithium hydroxide, sodium

hydroxide, potassium hydroxide, magnesium hydroxide, calcium hydroxide or
barium hydroxide.

[0029] As the vinylpyridine-styrene-butadiene copolymer (B) of the glass-
fiber coating liquid of the present invention, a copolymer of vinylpyridine, styrene
and butadiene with a vinylpyridine/styrene/butadiene weight ratio of (10-20):(10-
20).(80-60) is preferably usable. Examples of the vinylpyridine-styrene-butadiene

copolymer (B) suitable for use in the glass-fiber coating liquid of the present
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invention are those commercially available under the trade name of Pyratex from
Nippon A&L Inc., under the trade name of 0650 from JSR Corporation and under
the trade name of Nipol 1218FS from Nippon Zeon Corporation. In the case
where the vinylpyridine-styrene-butadiene copoiymer (B) 1s out of the above-
specified weight ratio range, the rubber-reinforcing glass fiber shows relatively
weak adhesion to the base rubber material even when the glass-fiber coating

liquid Is applied and dried onto the glass fiber cord.

[0030] As the chlorosulfonated polyethylene (C) of the glass-fiber coating
liquid of the present invention, a chlorosulfonated polyethylene having a chlorine
content of 20.0 to 40.0% by weight and a sulfone sulfur content of 0.5 to 2.0% by

weight is preferably usable. An example of the chlorosulfonated polyethylene (C)

suitable for use in the glass-fiber coating liquid is the one commercially available
as a latex having a solid matter content of about 40% by weight under the trade

name of CSM-450 from Sumitomo Seika Chemicals Co., Ltd. In the case where

the chlorine and sulfone sulfur contents of the chlorosulfonated polyethylene (C)

are out of the above-specified ranges, the rubber-reinforcing glass fiber shows
relatively weak adhesion to the cross-linked HNBR base material even when the

glass-fiber coating liquid is applied and dried onto the glass fiber cord.

[0031] In order to achieve a desired strength of adhesion between the
rubber-reinforcing glass fiber and the base rubber material for use in the
transmission belt, it is desirable that the glass-fiber coating liquid contains 1.0 to
15.0% by weight of the monohydroxybenzene-formaldehyde resin (A), 45.0 to
82.0% by weight of the vinylpyridine-styrene-butadiene copolymer (B) and 3.0 to
40.0% by weight of the chlorosulfonated polyethylene (C) based on 100% of the
total weight of the monohydroxybenzene-formaldehyde resin (A), the
vinylpyridine-styrene-butadiene copolymer (B) and the chlorosulfonated
polyethylene (C), i.e., the component weight percentages A/(A+B+C), B/(A+B+C)
and C/(A+B+C) are within the range of 1.0 to 15.0%, 45.0 to 82.0% and 3.0 to
40.0%, respectively.
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[0032] If the content of the monohydroxybenzene-formaldehyde resin (A)
in the glass-fiber coating liquid is less than 1.0%, the application of such a
coating liquid to the glass fiber cord results in weak adhesion between the glass
fiber and the base rubber so that it is difficuit to provige the transmission beit with
suitable water resistance and heat resistance. |f the content of the
monohydroxybenzene-formaldehyde resin (A) in the glass-fiber coating liquid
exceeds 15.0%, it is likely that the coating liquid will become unusable due to
coagulation and precipitation. For this reason, the content of the
monohydroxybenzene-formaldehyde resin (A) in the glass-fiber coating liquid is
preferably within the range of A/(A+B+C)=1.0 to 15.0% by weight, more
preferably 2.0 to 10.0% by weight, based on 100% of the totél weight of the
monohydroxybenzene-formaldehyde resin (A), the vinylpyridine-styrene-

butadiene copolymer (B) and the chlorosulfonated polyethylene (C).

[0033] If the content of the vinylpyridine-styrene-butadiene copolymer (B)
In the glass-fiber coating liquid is less than 45.0%, the application of such a
coating liquid to the glass fiber cord also results in weak adhesion between the
glass fiber and the cross-linked HNBR so that it is difficult to provide the
transmission belt with suitable heat resistance. If the content of the vinylpyridine-
styrene-butadiene copolymer (B) in the glass-fiber coating liquid exceeds 82.0%,
the application of such a coating liquid to the glass fiber cord is likely to result in
transfer of the coating layer due to coating stickiness and cause various
problems such as process contamination. The content of the vinylpyridine-
styrene-butadiene copolymer (B) in the glass-fiber coating liquid is thus
preferably within the range of B/(A+B+C)=45.0 to 82.0% by weight, more
preferably 55.0 to 75.0% by weight, based on 100% of the total weight of the
monohydroxybenzene-formaldehyde resin  (A), the vinylpyridine-styrene-

butadiene copolymer (B) and the chlorosulfonated polyethylene (C).

[0034] If the content of the chlorosulfonated polyethylene (C) in the glass-
fiber coating liquid is less than 3.0%, it becomes difficult to impart a desired level

of heat resistance to the transmission belt. If the content of the chlorosulfonated
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polyethylene (C) in the glass-fiber coating liquid exceeds 40.0%, the adhesion
between the glass fiber and the base rubber becomes weak so that it is difficult to
provide the transmission belt with suitable heat resistance. The content of the
chiorosulfonated polyethylene (C) in the glass-fiber coating liquid is thus
preferably within the range of C/(A+B+C)=3.0 to 40.0% by weight, more
preferably 20.0 to 35.0% by weight, based on 100% of the total weight of the
monohydroxybenzene-formaldehyde resin (A), the vinylpyridine-styrene-

butadiene copolymer (B) and the chlorosulfonated polyethylene (C).

[0035] In the present invention, another rubber elastomer may be used in
place of a part of the vinylpyridine-styrene-butadiene copolymer (B) as the
component of the glass-fiber coating liquid used in the rubber-reinforcing glass
fiber. When the vinylpyridine-styrene-butadiene copolymer is used alone as the
coating liquid component, it becomes likely that the rubber-reinforcing glass fiber

will undergo transfer of the coating layer due to coating stickiness and raise
workabllity deterioration problems such as process contamination. A styrene-
butadiene copolymer (F) compatible with the vinylpyridine-styrene-butadiene
copolymer (B) is preferably usable as such a rubber elastomer without causing
impairments of the adhesion between the rubber-reinforcing glass fiber and the
base rubber and the heat resistance of the base rubber required for use in the
transmission belt, although there can alternatively be used as the rubber

elastomer a carboxyl-modified styrene-butadiene rubber, an acrylonitrile-
butadiene rubber or the like.

[0036] The styrene-butadiene copolymer (F) can be used in place of the
vinylpyridine-styrene-butadiene copolymer (B) in an amount of F/B=5.0 to 80.0%
by weight based on 100% of the weight of the vinylpyridine-styrene-butadiene

copolymer (B). If the content of the styrene-butadiene copolymer (F) is less than
9.0%, there is no effect of preventing the coating layer of the rubber-reinforcing
glass fiber from transferring due to coating stickiness. The content of the styrene-
butadiene copolymer (F) is preferably 25.0% or more. If the content of the

styrene-butadiene copolymer (F) exceeds 80.0%, there arise losses of the
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adhesion of the rubber-reinforcing glass fiber to the base rubber and, when the
rubber-reinforcing glass fiber is embedded in the heat-resistant base rubber for

use as the transmission belt, the heat resistance of the transmission belt. The

content of the styrene-butadiene copoiymer (F) is preferably 55.0% or iess.

[0037] An example of the styrene-butadiene copolymer (F) suitable for use
In the glass-fiber coating liquid of the present invention is the one commercially

available under the trade name of J-9049 from Nippon A&L Inc.

[0038] The glass-fiber coating liquid of the present invention may further
include other additives such as an antioxidant, a pH adjuster and a stabilizer.
Examples of the antioxidant are diphenylamine compounds. An example of the

pH adjuster is ammonium.

[0039] Next, an explanation will be given to a first embodiment of the
present invention in which the rubber-reinforcing glass fiber is produced by
applying and drying the above glass-fiber coating liquid to form the primary
coating layer on the glass fiber cord, and then, applying the secondary glass-fiber

coating liquid to form the secondary coating layer on the primary coating layer.

[0040] It is preferable to form the secondary coating layer of the secondary
glass-fiber coating liquid in which a halogen-containing polymer (G) and a bis-
allylnagiimide (H) are dispersed in an organic solvent, after applying and drying
the primary coating layer of the above glass-fiber coating liquid onto the glass
fiber cord, for production of the rubber-reinforcing glass fiber. When the rubber-
reinforcing glass fiber is formed with such a secondary coating layer and
embedded in the base rubber, notably heat-resistant cross-linked HNBR material,
of the transmission belt, it becomes possible to provide good adhesion between
the glass fiber and the base rubber so that the rubber-reinforcing glass fiber
functions effectively as the reinforcement in the transmission belt. It becomes
further possible for the coating layer to provide high heat and water resistance,
show good dimensional stability and maintain tensile strength after long hours of

running of the transmission belt under high-temperature high-humidity conditions.
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As the organic solvent of the secondary glass-fiber coating liquid, there can be

used xylene.

[0041] Especially when produced by applying and drying the glass-fiber
coating liquid of the present invention, in which the monohydroxybenzene-
formaldehyde resin (A) obtained by reaction of monohydroxybenzene (D) and
formaldehyde (E), the vinylpyridine-styrene-butadiene copolymer (B) and the
chlorosulfonated polyethylene (C) are dispersed in water, onto the glass fiber
cord, applying the secondary glass-fiber coating liquid in which the halogen-
containing polymer (G) and 0.3 to 10.0% by weight of the bis-allylnagiimide (H)
based on 100% of the weight of the halogen-containing polymer (G), i.e.,
H/G=0.3 to 10.0% are dispersed in the organic solvent to form the secondary
coating layer with a content of the halogen-containing polymer (G) of 10.0 to
70.0% by weight based on the weight of the secondary coating layer, and then,
embedding the resulting rubber-reinforcing glass fiber in the cross-linked HNBR
material, the transmission belt combines heat resistance and water resistance to
secure good dimensional stability and tensile strength and maintain initial
adhesion strength between the coated glass fiber and the cross-linked HNBR

material even after long hours of running under high-temperature high-humidity

conditions as compared to the conventional transmission belts.

[0042] It the content of the halogen-containing polymer (G) in the
secondary coating layer is less than 10.0%, it becomes difficult to obtain the
above mentioned high heat resistance. If the content of the halogen-containing
polymer (G) In the secondary coating layer exceeds 70.0%, the adhesion
between the glass fiber and the base rubber becomes so weak that the

transmission belt is inferior in durability. The content of the halogen-containing

polymer (G) in the secondary coating layer is preferably within the range of 25.0
to 60.0%.

[0043] At this time, the content of the bis-allylnagiimide (H) in the
secondary glass-fiber coating liquid is preferably controlled to 0.3 to 10.0% by
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weight based on 100% of the weight of the halogen-containing polymer (G), i.e.,
H/G=0.3 to 10.0% as mentioned above. If the content of the bis-allylnagiimide (H)
In the secondary glass-fiber coating liquid is less than 0.3%, it is difficult to attain

tne above mentioned nigh heat resistance. If the content of the bis-allylnagiimide
(H) in the secondary glass-fiber coating liquid exceeds 10.0%, the adhesion
between the glass fiber and the base rubber becomes so weak that the
transmission belt is inferior in durability. The content of the bis-allylnagiimide (H)

in the secondary glass-fiber coating liquid is more preferably within the range of
0.3 to 2.0%.

[0044] The bis-allylnagiimide (H) is one kind of thermosetting imide resin
and, when being of low molecular weight, shows good compatibility with another
resin. After the curing, the bis-allylnagiimide resin has a glass transition

temperature of 300°C or higher and thus produces the effect of increasing the

heat resistance of the transmission belt.

[0045] There can be used, as the bis-allylnagiimide (H), N-N'-
hexamethylene diallylnagiimide, N-N'-(m-xylylene) diallylnagiimide and N-N'-(4,4'-
diphenylmethane) diallylnagiimide. Among others, N-N'-hexamethylene

diallylnagiimide is preferred.

[0046] Example of the bis-allylnagiimide (H) suitable for used in the rubber-

reinforcing glass fiber of the present invention are those commercially available

under the trade names of "BANI-M", "BANI-H" and "BANI-X" from Maruzen
Petrochemical Co., Ltd.

[0047] An explanation will be next given to a second embodiment of the

present invention in which the rubber-reinforcing glass fiber is produced by
applying and drying the above glass-fiber coating liquid to form the primary
coating layer on the glass fiber cord, and then, applying the secondary glass-fiber

coating liquid to form the secondary coating layer on the primary coating layer.
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[0048] It is preferable to form the secondary coating layer of the secondary
glass-fiber coating liquid in which a halogen-containing polymer (G) and a zinc
methacrylate (l) are dispersed in an organic solvent, after applying and drying the

L ]

ot the above glass-fiber coating iiquid onto the giass fiber

Q
Q)

'~
M

primary coat
cord, for production of the rubber-reinforcing glass fiber. When the rubber-
reinforcing glass fiber is formed with such a secondary coating layer and
embedded In the base rubber, notably heat-resistant cross-linked HNBR material,
of the transmission belt, it becomes possible to provide good adhesion between
the glass fiber and the base rubber so that the rubber-reinforcing glass fiber
functions effectively as the reinforcement in the transmission belt. It becomes
further possible for the coating layer to provide high heat and water resistance,
shown good dimensional stability and maintain tensile strength after long hours of
running of the transmission belt under high-temperature high-humidity conditions.

As the organic solvent of the secondary glass-fiber coating liquid, there can be

used xylene.

[0049] Especially when produced by applying and drying the glass-fiber
coating liquid of the present invention, in which the monohydroxybenzene-
formaldehyde resin (A) obtained by reaction of monohydroxybenzene (D) and
formaldehyde (E), the vinylpyridine-styrene-butadiene copolymer (B) and the
chlorosulfonated polyethylene (C) are dispersed in water, onto the glass fiber
cord, applying the secondary glass-fiber coating liquid in which the halogen-
containing polymer (G), the zinc methacrylate (1) and 5.0 to 50.0% by weight of
an organic diisocyanate (J) based on 100% of the weight of the halogen-
containing polymer (G), i.e., J/G=5.0 to 50.0% are dispersed in the organic

solvent to form the secondary coating layer with a content of the halogen-
containing polymer (G) of 10.0 to 70.0% by weight based on the weight of the
secondary coating layer, and then, embedding the resulting rubber-reinforcing
glass fiber in the cross-linked HNBR material, the transmission belt combines
heat resistance and water resistance to secure good dimensional stability and
tensile strength and maintain initial adhesion strength between the coated glass

fiber and the cross-linked HNBR material even after long hours of running under
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high-temperature high-humidity conditions as compared to the conventional

transmission belts.

[0050] if the content of the halogen-containing polymer (G) in the
secondary coating layer is less than 10.0%, it becomes difficult to obtain the
above mentioned high heat resistance. If the content of the halogen-containing
polymer (G) in the secondary coating layer exceeds 70.0%, the adhesion
between the glass fiber and the base rubber becomes so weak that the

transmission belt is inferior in durability. The content of the halogen-containing

polymer (G) in the secondary coating layer is preferably within the range of 25.0
to 60.0%.

[0051] At this time, the content of the organic diisocyanate (J) in the

secondary glass-fiber coating liquid is preferably controlled to 5.0 to 50.0% by
weight based on 100% of the weight of the halogen-containing polymer (G), i.e.,
J/IG=5.0 to 50.0% as mentioned above. If the content of the organic diisocyanate
(G) In the secondary glass-fiber coating liquid is less than 5.0%, it is difficult to
attain the above mentioned high heat resistance. If the content of the organic
diisocyanate (G) in the secondary glass-fiber coating liquid exceeds 50.0%, the

adhesion between the glass fiber and the base rubber becomes so weak that the

transmission belt is inferior in durability.

[0052] There can be used, as the organic diisocyanate (J), hexamethylene
diisocyanate, isophorone diisocyanate, methylene-bis(4-cyclohexylisocyanate),
toluene diisocyanate, xylene diisocyanate, naphthalene diisocyanate, and
methylene-bis(phenylisocyanate). Among others, methylene-

bis(phenylisocyanate) and hexamethylene diisocyanate are preferred.

[0053] It is further desirable to prepare the secondary glass-fiber coating
liquid by dispersing the halogen-containing polymer (G), the organic diisocyanate
(J) and 0.001 to 3.0% by weight of the zinc methacrylate (1) based on 100% of
the weight of the halogen-containing polymer (G), i.e., 1/G=0.001 to 3.0% in the

organic solvent and thereby form the secondary coating layer with a content of
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the halogen-containing polymer (G) of 10.0 to 70.0% by weight based on the
weight of the secondary coating layer. When produced by providing the rubber-
reinforcing glass fiber with such a secondary coating layer and embedding the
rubber-reinforcing glass fiber in the cross-linked HNBR material, the transmission
belt combines heat resistance and water resistance {o secure good dimensional
stability and tensile strength and maintain initial adhesion strength between the
coated glass fiber and the cross-linked HNBR material even after long hours of

running under high-temperature high-humidity conditions.

[0054] - It the content of the halogen-containing polymer (G) in the
secondary coating layer is less than 10.0%, it becomes difficult to obtain the
above mentioned high heat resistance. If the content of the halogen-containing
polymer (G) in the secondary coating layer exceeds 70.0%, the adhesion
between the glass fiber and the base rubber becomes so weak that the
transmission belt is inferior in durability. The content of the halogen-containing

polymer (G) in the secondary coating layer is preferably within the range of 25.0
to 60.0%.

[0055] The content of the zinc methacrylate (1) in the secondary glass-fiber
coating liquid is preferably controlled to 0.001 to 3.0% by weight based on 100%
of the weight of the halogen-containing polymer (G), i.e., 1/G=0.001 to 3.0% as
mentioned above. If the content of the zinc methacrylate (l) in the secondary
glass-fiber coating liquid is less than 0.001%, it is difficult to attain the above
mentioned high heat resistance. If the content of the zinc methacrylate (1) in the

secondary glass-fiber coating liquid exceeds 3.0%, the adhesion between the

glass fiber and the base rubber becomes so weak that the transmission belt is
Inferior in durability.

[0056] An explanation will be next given to a third embodiment of the
present invention in which the rubber-reinforcing glass fiber is produced by

applying and drying the above glass-fiber coating liquid to form the primary
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coating layer on the glass fiber cord, and then, applying the secondary glass-fiber

coating liquid to form the secondary coating layer on the primary coating layer.

[0057] It is preferable to form the secondary coating layer of the secondary
glass-fiber coating liquid in which a halogen-containing polymer (G) and a
maleimide (K) are dispersed in an organic solvent, after applying and drying the
primary coating layer of the above glass-fiber coating liquid onto the glass fiber
cord, for production of the rubber-reinforcing glass fiber. When the rubber-
reinforcing glass fiber i1s formed with such a secondary coating layer and
embedded in the base rubber, notably heat-resistant cross-linked HNBR material,
of the transmission belt, it becomes possible to provide good adhesion between
the glass fiber and the base rubber so that the rubber-reinforcing glass fiber
functions effectively as the reinforcement in the transmission belt. It becomes
further possible for the coating layer to provide high heat and water resistance,
show good dimensional stability and maintain tensile strength after long hours of
running of the transmission belt under high-temperature high-humidity conditions.

As the organic solvent of the secondary glass-fiber coating liquid, there can be

used xylene.

[0058] Especially when produced by applying and drying the glass-fiber
coating liquid of the present invention, in which the monohydroxybenzene-
formaldehyde resin (A) obtained by reaction of monohydroxybenzene (D) and
formaldehyde (E), the vinylpyridine-styrene-butadiene copolymer (B) and the
chlorosulfonated polyethylene (C) are dispersed in water, onto the glass fiber
cord, applying the secondary glass-fiber coating layer in which the halogen-
containing polymer (G) and 20.0 to 90.0% by weight of the maleimide (K) based
on 100% of the total weight of the halogen-containing polymer (G) and the
maleimide (K), I.e., K/(G+K)=20.0 to 90.0% are disposed in the organic solvent to
form the secondary coating layer with a content of the halogen-containing
polymer (G) of 10.0 to 70.0% by weight based on the weight of the secondary
coating layer, and then, embedding the resulting rubber-reinforcing glass fiber in

the cross-linked HNBR material, the transmission belt combines heat resistance
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and water resistance to secure good dimensional stability and tensile strength

and maintain initial adhesion strength between the coated glass fiber and the

cross-linked HNBR material even after long hours of running under high-

temperature high-humidity conditions as compa {

" ﬂﬂﬂﬂﬂﬂ :i"\ﬂﬁl
iIons as compared o the conventionai

transmission belts.

[0059] If the content of the halogen-containing polymer (G) in the
secondary coating layer is less than 10.0%, it becomes difficult to obtain the
above mentioned high heat resistance. If the content of the halogen-containing
polymer (G) In the secondary coating layer exceeds 70.0%, the adhesion
between the glass fiber and the base rubber becomes so weak that the
transmission belt is inferior in durability. The content of the halogen-containing

polymer (G) In the secondary coating layer is preferably within the range of 25.0
to 60.0%.

[0060] The content of the maleimide (K) in the secondary glass-fiber
coating liquid is preferably controlled to 20.0 to 90.0% by weight based on 100%
of the total weight of the halogen-containing polymer (G) and the maleimide (K),
l.e., K/(G+K)=20.0 to 90.0%. If the content of the maleimide (K) in the secondary
glass-fiber coating liquid is less than 20.0%, it is difficult to attain the above
mentioned high heat resistance. If the content of the maleimide (K) in the
secondary glass-fiber coating liquid exceeds 90.0%, the adhesion between the

glass fiber and the base rubber becomes so weak that the transmission belt is
Inferior in durability.

[0061] There can be used, as the maleimide (K), N,N-m-phenylene di-
maleimide, 4,4'-diphenylmethane bis-maleimide, polyphenylmethane maleimide,
m-phenylene  bis-maleimide, 4-methyl-1,3-phenylene bis-maleimide, 4,4'-
diphenylether bis-maleimide, 4,4'-diphenylsulfone bis-maleimide, chlorophenyl
maleimide, methylphenyl maleimide, hydroxyphenyl maleimide, carboxypheny!

maleimide, dodecyl maleimide and cyclohexyl maleimide. Among others, N,N-m-

phenylene di-maleimide is preferred.
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[0062] An explanation will be next given to a fourth embodiment of the
present invention in which the rubber-reinforcing glass fiber is produced by
applying and drying the above glass-fiber coating liquid to form the primary
coating layer on the glass fiber cord, and then, applying the secondary glass-fiber

coating liquid to form the secondary coating layer on the primary coating layer.

[0063] It is preferable to form the secondary coating layer of the secondary
glass-fiber coating liquid in which a halogen-containing polymer (G), a
vulcanization agent (L), a triazine compound (M) and an inorganic filler (N) are
dispersed In an organic solvent, after applying and drying the primary coating
layer of the above glass-fiber coating liquid onto the glass fiber cord, for
production of the rubber-reinforcing glass fiber. When the rubber-reinforcing
glass fiber is formed with such a secondary coating layer and embedded in the
base rubber, notably heat-resistant cross-linked HNBR material, of the
transmission belt, it becomes possible to provide good adhesion between the
glass fiber and the base rubber so that the rubber-reinforcing glass fiber functions
effectively as the reinforcement in the transmission belt. 1t becomes further
possible for the coating layer to provide high heater and water resistance, show
good dimensional stability and maintain tensile strength after long hours of
running of the transmission belt under high-temperature high-humidity conditions.

As the organic solvent of the secondary glass-fiber coating liquid, there can be
used xylene.

[0064] Especially when produced by applying and drying the glass-fiber
coating liquid of the present invention, in which the monohydroxybenzene-
formaldehyde resin (A) obtained by reaction of monohydroxybenzene (D) and
formaldehyde (E), the vinylpyridine-styrene-butadiene copolymer (B) and the
chlorosulfonated polyethylene (C) are dispersed in water, onto the glass fiber
cord, applying the secondary glass-fiber coating liquid in which the triazine
compound (M) Is dispersed in the organic solvent in an amount of M/G=0.3 to
10.0% based on 100% of the weight of the halogen-containing polymer (G) to

form the secondary coating layer with a content of the halogen-containing
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polymer (G) of 10.0 to 70.0% by weight based on the weight of the secondary

coating layer, and then, embedding the resulting rubber-reinforcing glass fiber in

the cross-linked HNBR material, the transmission belt combines heat resistance

\I!"\*‘ | & | o 1 R
L |

and water resistance to secure good aimensional stability and tensile strength
and maintain initial adhesion strength between the coated glass fiber and the
cross-linked HNBR material even after long hours of running under high-

temperature high-humidity conditions as compared to the conventional

transmission belt.

[0063] It the content of the halogen-containing polymer (G) in the
secondary coating layer is less than 10.0%, it becomes difficult to obtain the
above mentioned high heat resistance. If the content of the halogen-containing
polymer (G) in the secondary coating layer exceeds 70.0%, the adhesion
between the glass fiber and the base rubber becomes so weak that the

transmission belt is inferior in durability. The content of the halogen-containing

polymer (G) in the secondary coating layer is preferably within the range of 25.0
to 60.0%.

[0066] At this time, the content of the triazine compound (M) in the
secondary glass-fiber coating liquid is preferably controlled to 0.3 to 10.0% by
weight based on 100% of the weight of the halogen-containing polymer (G), l.e.,
M/G=0.3 to 10.0%. If the content of the triazine compound (M) in the secondary
glass-fiber coating liquid is less than 0.3%, it is difficult to attain the above
mentioned high heat resistance. If the content percentage of the triazine

compound (M) in the secondary glass-fiber coating liquid exceeds 10.0%. the

adhesion between the glass fiber and the base rubber becomes so weak that the

transmission belt is inferior in durability.

[0067] There can be used, as the triazine compound (M), triallyl cyanurate

and triallyl isocyanurate.

[0068] In each of the first to fourth embodiments of the present invention

where the rubber-reinforcing glass fiber is produced by applying and drying the
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above glass-fiber coating liquid to form the primary coating layer on the glass

fiber cord, and then, applying the secondary glass-fiber coating liquid to form the

secondary coating layer on the primary coating layer, it is desirable to add a
vulcanization agent (L) in the seccndary glass-fiber coating liquid. The content of
the wvulcanization agent (L) in the secondary glass-fiber coating liquid Is
preferably within the range of 0.5 to 50.0% based on 100% of the weight of the
halogen-containing polymer (G), i.e., L/IG=0.5 to 50.0%. If the content of the
vulcanization agent (L) in the secondary glass-fiber coating liquid is less than
0.5%, it becomes difficult to obtain the above mentioned high heat resistance. If
the content of the vulcanization agent (L) in the secondary glass-fiber coating
liquid exceeds 50.0%, the adhesion between the glass fiber and the base rubber

becomes so weak that the transmission belt is inferior in durability.

[0069] Examples of the vulcanization agent (L) are nitroso compounds

and/or zinc compounds.

[0070] It Is also desirable to add an inorganic filler (N) in the secondary
glass-fiber coating liquid in each of the first to fourth embodiments of the present
invention where the rubber-reinforcing glass fiber is produced by applying and
drying the above glass-fiber coating liquid to form the primary coating layer on
the glass fiber cord, and then, applying the secondary glass-fiber coating liquid to
form the secondary coating layer on the primary coating layer. The content

percentage of the inorganic filler (N) in the secondary glass-fiber coating liquid is
preferably within the range of 10.0 to 70.0% based on 100% of the weight of the

halogen-containing polymer (G), i.e., N/G=10.0 to 70.0%. If the content
percentage of the inorganic filler (N) in the secondary glass-fiber coating liquid is
less than 10.0%, it becomes difficult to obtain the above mentioned high heat
resistance. It the content percentage of the inorganic filler (N) in the secondary
glass-fiber coating liquid exceeds 70.0%, the adhesion between the glass fiber

and the base rubber becomes so weak that the transmission belt is inferior in

durability.
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[0071] Examples of the inorganic filler (N) are carbon black and
magnesium oxide.
[0072] The addition of the nitroso compound such as p-nitrosobenzene as

the vulcanization agent (L) and the inorganic filler (N) such as carbon black or
magnesium oxide into the secondary glass-fiber coating liquid is more effective
in, when the rubber-reinforcing glass fiber is formed with the secondary coating

layer and embedded In the base rubber for use as the transmission belt,

increasing the heat resistance of the transmission belt.

10073] The transmission belt attains higher heat resistance when produced
by applying the secondary glass-fiber coating liquid containing 0.5 to 20.0% by
weight of the vulcanization agent (L) and 10.0 to 70.0% by weight of the inorganic
filler (N) based on 100% of the weight of the halogen-containing polymer (G) to
form the secondary coating layer on the rubber-reinforcing glass fiber, and then,
embedding the resulting rubber-reinforcing glass fiber in the heat-resistant rubber
material. If the content percentage of the vulcanization agent (L) is less than
0.5% and if the content percentage of the inorganic filler (N) is less than 10.0%, it
may be difficult to obtain a sufficient heat resistance improvement effect. There is

no need to add more than 20% of the vulcanization agent (L) and more than 70%

of the inorganic filler (N).

[0074] In view of the heat resistance, it is desirable to use a

chlorosulfonated polyethylene (C) as the halogen-containing polymer (G).

EXAMPLES

[0075] Test samples of rubber-reinforcing glass fibers were produced by
preparing the glass-fiber coating liquid of the present invention in the form of an
emulsion of water, a monohydroxybenzene-formaldehyde resin (A), a
vinylpyridine-styrene-butadiene copolymer (B) and a chlorosulfonated
polyethylenes (C), applying and drying the glass-fiber coating liquid onto glass

fiber cords, preparing the secondary glass-fiber coating liquid in the form of a
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dispersion system of an organic solvent and either a halogen-containing polymer
(G) and a bis-allylnagiimide (H), a halogen-containing polymer (G), an organic
diisocyanate (J) and zinc methacrylate (1), a halogen-containing polymer (G) and
a maleimide (K) or a halogen-containing polymer (G) and a triazine compound

(M) and applying the secondary glass-fiber coating liquid. (Examples 1-8)

[0076] Test samples of rubber-reinforcing glass fibers (Comparative
Examples 1-3) departing from the scope of the present invention were produced.
For performance comparisons, the rubber-reinforcing glass fibers (Examples 1-8)
according to the present invention and the rubber-reinforcing glass fibers
(Comparative Examples 1-3) not according to fhe present invention were tested

for their strength of adhesion to heat-resistant rubber materials.

[0077] Further, transmission belts were produced by embedding the above
rubber-reinforcing glass fibers in heat-resistant rubber materials. Each of the
transmission beits having the rubber-reinforcing glass fibers (Examples 1, 2 and
4-8) according to the present invention and the rubber-reinforcing glass fibers
(Comparative Examples 1-3) not according to the present invention was
subjected to water-resistance running fatigue test. The water-resistance running
fatigue test was performed by running the transmission belt around pulleys for
long hours under wet conditions so as to test whether the transmission belt could
secure good dimensional stability without change in tensile strength after long
hours of running, owing to the ability of the coating layer to maintain initial
strength of adhesion to the base rubber material, and thereby evaluate belt water
resistance with comparisons of the test results. Each of the transmission belts
having the rubber-reinforcing glass fibers (Examples 2 and 4-8) according to the
present invention and the rubber-reinforcing glass fibers (Comparative Examples
1 and 2) not according to the present invention was also subjected to heat-
resistance and flexion-resistance running fatigue. The heat-resistance and
flexion-resistance running fatigue was performed by bending and running the
transmission belt around a plurality of pulleys for long hours under high-

temperature conditions so as {o test whether the transmission belt could secure



10

15

20

25

CA 02581748 2009-06-10

25

good dimensional stability without change in tensile strength after long hours of
running, owing to the ability of the coating layer to maintain initial strength of
adhesion to the base rubber material, and thereby evaluate belt heat resistance

- N .

with comparisons of the test results.

[0078] A detail explanation of these examples and comparative examples

will be given below.

Example 1
[0079] (Preparation of Glass-Fiber Coating Liquid of the Invention)
[0080] The synthesis of the monohydroxybenzene-formaldehyde resin (A)

will be first explained below. A three-neck separable flask having a reflux
condenser, a temperature gauge and a stirrer was charged with 100 parts by
weight of monohydroxybenzene (D), 15 parts by weight of aqueous formaldehyde
(E) (concentration: 35 wt %, mole ratio: E/D=1.8) and 5 parts by weight of
aqueous sodium hydroxide (concentration: 10 wt %), followed by stirring these
iIngredients for 3 hours under heating at 80°C After the stirring was stopped, the
resultant mixture was cooled, blended with 370 parts by weight of aqueous

sodium hydroxide (concentration: 1 wt %) and subjected to polymerization to

yield the monohydroxybenzene-formaldehyde resin (A).

[0081] Aqueous ammonia and water were added into the yielded
monohydroxybenzene-formaldehyde resin (A) together with commercially
avallable emulsions of the vinylpyridine-styrene-butadiene copolymer (B) and the

chlorosulfonated polyethylene (C), thereby obtaining the glass-fiber coating liquid
of the present invention.

[0082] More specifically, the glass-fiber coating liquid of the present
iInvention was prepared by mixing 42 parts by weight of the

monohydroxybenzene-formaldehyde resin (A), 476 parts by weight of the
emulsion of the vinylpyridine-styrene-butadiene copolymer (B) available under

the trade name of Pyratex (vinylpyridine-styrene-butadiene weight ratio:
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15:15:70, solid matter content: 41.0 wt %) from Nippon A&L Inc., 206 parts by
weight of the emulsion of the chlorosulfonated polyethylene (C) available under

the trade name of CSM450 (solid matter content: 40.0 wt %) from Sumitomo

Seika Chemicals Co., Ltd. and 22 parts by weight of 2

"l

Heous ammonia

alle
(concentration: 25.0 wt %) as the pH adjuster with water based on 100 parts by

weight of the total of these components.

[0083] The content percentages of the monohydroxybenzene-
formaldehyde resin (A), the vinylpyridine-styrene-butadiene copolymer (B) and
the chlorosulfonated polyethylene (C) in the glass-fiber coating liquid were
A/(A+B+C)=3.6%, B/(A+B+C)=67.8% ahd C/(A+B+C)=28.6%, respectively,
based on 100% of the total weight of the monohydroxybenzene-formaldehyde
resin  (A), the vinylpyridine-styrene-butadiene copolymer (B) and the
chlorosulfonated polyethylene (C). The weights of the vinylpyridine-styrene-
butadiene copolymer (B) and the chlorosulfonated polyethylene (C) were

determined by conversion of the solid matter contents of Pyratex and CSM450

into the weight units.

[0084] (Production of Rubber-Reinforcing Glass Fiber of the Invention)

[0089] The secondary glass-fiber coating liquid was next prepared by
mixing and dispersing a chlorosulfonated polyethylene (C), p-dinitrosobenzene,
hexamethylene diallylnagiimide as the bis-allylnagiimide (H) and carbon black

Into xylene to form the secondary coating layer on the rubber-reinforcing glass

fiber according to the present invention.

[0086] More specifically, 100 parts by weight of the chlorosulfonated
polyethylene (C) available as the halogen-containing polymer (G) under the trade
name of T15-430 from Tosoh Corporation, 40 parts by weight of p-
dinitrosobenzene, 0.3 parts by weight of N-N-hexamethylene diallylnagiimide
available under the trade name of BANI-H from Maruzen Petrochemical Co., Ltd.

and 30 parts by weight of carbon black were mixed together, followed by

dispersing the resultant mixture into 1315 parts by weight of xylene to obtain the
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secondary glass-fiber coating liquid. The contents percentages of N-N-
nexamethylene diallylnagiimide as the bis-allylnagiimide (H), p-dinitrosobenzene
as the vulcanization agent (L) and carbon black as the inorganic filler (N) in the
secondary glass-tiber coating liquid were H/G=0.3 wt %, L/G=40 wt % and
N/G=30 wt %, respectively, based on the weight of the chlorosulfonated
polyethylene (C).

[0087] Three glass fiber cords, each of which had 200 glass fiber filaments
of 9 um in diameter, were aligned with one another. The above-prepared glass-

fiber coating liquid was applied to the glass fiber cords and dried for 22 seconds

at a temperature of 280°C to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>