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[57} ABSTRACT

This invention is addressed to the improvement in the
bonding relationship between inorganic and organic
fibers with elastomeric materials in the manufacture of
fiber reinforced elastomeric products wherein impreg-
nated bundles of fibers are provided with at least a
coating of a vulcanization retarder to moderate the
rate of vulcanization of the elastomeric material with
which the bundles of fibers are combined to eliminate
an elastomer-elastomer interface heretofore formed to
thereby further improve the bonding relationship es-
tablished between the fiber bundles and the elasto-
meric material.

36 Claims, 5 Drawing Figures
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1
FIBER REINFORCED ELASTOMERS

This invention relates to elastomeric products rein-
forced or otherwise combined with organic or inor-
ganic fibers, and more particularly to a method and
composition employed in the treatment of fibers, in-
cluding glass fibers, metal fibers, and organic fibers
such as polyester fibers, nylon fibers and rayon fibers,
to enhance the bonding relationship between the fibers
and the elastomeric material for more complete utiliza-
tion of the desirable characteristics of the fibers in their
combination with the elastomeric materials.

As used herein, the term “elastomer” is meant to in-
clude natural rubber in the cured or uncured stage, vul-
canized or unvulcanized stage, and synthetic organic
elastomeric materials such as butadiene-styrene co-
polymer, butadiene-acrylonitrile copolymer, chloro-
prene, isoprene, neoprene, isobutyl rubber and the like
elastomeric polymers and copolymers in their cured or
uncured stages, and vulcanized or unvulcanized stages.
Included also are the EPDM rubbers, such as those
formed by the interpolymerization of ethylene, an al-
pha-monoolefin having from 3-20 carbon atoms, such
as propylene, and a polyene, such as dicyclopen-
tadiene, 1,4-hexadiene and preferably an alkylene or
alkylidene norbornene, such as 5-alkylidene-2-
norbornene and the like in which the alkylidene group
numbers from 2-12 carbon atoms, and polysulfone
rubber.

This invention is addressed to the more complete uti-
lization of the desirable characteristics of inorganic and
organic fibers as a reinforcement or as a stabilizing
agent in belt manufacture, as cords, strands and fabrics
to increase structure, life, wearability, and service char-
acteristics in rubber tires, and as a reinforcement and
the like in other elastomeric coated fabrics and molded
elastomeric products.

It is an object of this invention to provide a new and
improved method and composition for use in treating
such fibers, preferably in the form of cords, yarns,
strands and fabrics, hereinafter referred to as bundles,
to enable more complete utilization to be made of the
desirable characteristics of such fibers when used in
combination with elastomeric materials in the manu-
facture of fiber reinforced molded products and coated
fabrics.

This and other objects and advantages of the inven-
tion will hereinafter appear, and, for purposes of illus-
tration, but not of limitation, and embodiment of the
invention is shown in the accompanying drawing, in
which:

FIG. 1 is a cross-sectional view of a fiber reinforced
elastomeric product prepared in accordance with the
prior art; » '

FIG. 2 is a schematic flow diagram of a method for
treating impregnated fiber bundles in accordance with
one concept of the present invention;

FIG. 3 is a cross-sectional view of a fiber bundle pro-
cessed in accordance with the diagram shown-in FIG.
2

FIG. 4 is a cross-sectional view of a fiber bundle pre-
pared in accordance with another concept of this in-
vention; and,

FIG. § is a cross-setional view of a fiber reinforced
elastomeric product formed with a fiber bundle of the
type shown in FIGS. 3 or 4 in accordance with this in-
vention.
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2

The combination of fibers, such as metal fibers, poly-
ester fibers, nylon fibers, rayon fibers, and particularly
glass fibers, with elastomeric material in the manufac-
ture of fiber reinforced elastomeric products is now
well known to the art. In accordance with the usual
practice of forming such elastomeric products, a num-
ber of fibers are gathered together to form what is most
frequently referred to as a fiber bundle, and the bundle
is impregnated with an elastomer compatible material
whereby the impregnant serves to completely fill the
spaces between the individual fibers and form a unitary
bundle structure. Thereafter, the bundles of fibers are
combined in the desired manner with elastomeric ma-
terials and molded under heat and pressure to cure
and/or vulcanize the elastomeric material. It is gener-
ally recognized that the function of the impregnant in
the fiber bundle is to intertie the fiber surfaces to the
elastomeric material in which the fiber bundles are dis-
tributed.

One of the primary problems which has been encoun-
tered in the manufacture of fiber reinforced elasto-
meric products is the relative inability to securely bond
the fibers to the elastomeric material in which the fi-
bers are distributed. While this problem exists with re-
spect to polyester fibers, nylon fibers, and rayon fibers
as well as other synthetic organic fibers, the problem of
the bonding relationship between fibrous material and
elastomeric materials is particularly severe in the case
of metal fibers (e.g., wires) and glass fibers. With re-
spect to glass fibers, it is believed that this difficulty in
part stems from the completely smooth, rod-like sur-
faces of the glass fibers and in part from the fact that
the glass fiber surfaces are highly hydrophilic in nature,
thereby resulting in the formation of a thin, but tena-
cious film of moisture on the glass fiber surfaces almost
immediately after they are formed which serves to de-
stroy any bond, chemical or physical, which would oth-
erwise be established between the glass fiber surfaces
and the elastomeric material.

While progress has been made in promoting the
bonding relationship with fibrous materials, including
glass fibers, there is nevertheless room for further im-
provement in that it is frequently observed in the for-
mation of fiber-reinforced elastomeric products that
the fibers can literally be torn away from the elasto-
meric material in which they are distributed. It has
been observed that when fibers are so torn away from
elastomeric material in which they are distributed, the
elastomeric material immediately adjacent to and in
contact with the fibrous material, such as fiber bundles
of the type described above, adheres to the fiber bun-
dles. It has, therefore, been concluded that while a suf-
ficiently secure bond between the glass fiber bundles
and the elastomer immediately surrounding the bun-
dles has been established, there is formed an interface
between the elastomeric material immediately adjacent
to the fiber bundles and the remainer of the elastomeric
material in which the fiber bundles are distributed
which represents the weakest portion of the fiber bun-
dle-elastomer composite. '

The foregoing observations can be illustrated more
clearly by reference to FIG. 1 of the drawing which de-
picts a fiber bundle-reinforced elastomeric product
prepared in accordance with the concepts of the prior
art. As is shown in this figure, a plurality of fiber bun-
dles 10 are molded between layers 12 and 14 of elasto-
meric material to cure and/or vulcanize the elastomeric
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material to securely anchor the fiber bundles to the
elastomeric material. However, the interface 16 re-
ferred to above is formed between the elastomeric ma-
terial immediately adjacent to the fiber bundles 10 and
the elastomeric material forming the bulk of the contin-
uous phase 12 and 14 in which the fiber bundles are
distributed.

Significant research efforts have been made in an ef-
fort to determine the nature and causes of this elastom-
er-elastomer interface. It is presently believed that this
interface is formed as a result of unequal rates of cure
and/or vulcanization throughout the elastomeric mate-
rial. Thus, without limiting the present invention as to
theory, it is believed that the elastomeric material 16
forming the interface between the fiber bundles 10 and
the continuous phase 12 and 14 of the elastomeric ma-
terial is formed as a result of overcuring of the elasto-
meric material immediately ajacent to the fiber bun-
dles. It is further believed that the overcuring or
overvulcanization of the elastomeric material immedi-
ately adjacent to the fiber bundles is a result of the mi-
gration of low molecular weight components from the
impregnant in the fiber bundles into the elastomeric
material, to thereby trigger accelerators which are con-
ventionally blended with the elastomeric material for
activation during cure and/or vulcanization, and/or to
thereby serve as accelerators in their own right.

It has now been found in accordance with the present
invention that the elastomer-elastomer interface re-
ferred to above can be substantially minimized or elimi-
nated with the result that the bonding relationship be-
tween the fiber bundles is significantly improved by
providing the fiber bundles with at least a thin coating
of a vulcanization retarder. It has been determined that
the vulcanization retarder serves to moderate the rate
of vulcanization and/or cure of the elastomeric mate-
rial immediately adjacent to the fiber bundles with the
result that a more uniform rate of vulcanization and/or
cure takes place throughout the fiber bundle-
elastomeric composite.

As the vulcanization retarders, use can be made of a
variety of materials useful for this purpose. One pre-
ferred group of retarders are the N-nitroso amines de-
rived from secondary amines and having a boiling point
sufficiently high to minimize their elimination from the
bundle during vulcanization and/or cure of the bundle-
elastomer composite. Such retarders have the formula

N'O
N
72N
Ry R,

wherein R, is aryl containing 6 to 14 carbon atoms, and
preferably phenyl or naphthyl and R; is alkyl contain-
ing 2 to 20 carbon atoms (e.g., ethyl, propyl, butyl, iso-
butyl, pentyl, etc.), cycloalkyl containing 5 to 10 car-
bon atoms (e.g., cyclopentyl, cyclohexyl, etc.) or aryl
containing 6 to 14 carbon atoms. in addition, R, and/or
R, can be substituted by one or more substituents in-
cluding amino, cyano, C, to C; alkyl, hydroxy, etc.
Representative of such retarders inciude N-
nitrosodiphenylamine, N-
nitrosoisopropylphenylamine,  N-nitrosophenylnaph-
thylamine, N-nitrosophenylpentylamine, N-
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nitrosonaphthylethylamine, N-
nitrosotolylisopropylamine, N-nitroso-(p-
aminophenyl)-phenylamine, N-nitrosophenylcyclohex-
ylamine as well as a variety of others.

Another group of retarders which can be used in the
practice of this invention are the carboxylic acids and
their corresponding anhydrides or acid halides having
a boiling point above 200° C to minimize elimination of
the acid during cure and/or vulcanization. For exam-
ple, use can be made of benzoic acid as well as substi-
tuted derivatives thereof in which the substituents are
amino, cyano, C; to Cs alkyl, hydroxy groups as well as
a number of others. Salicylic acid has been found to be
a particularly suitable retarder in accordance with the
present invention.

In general, preferred acids are aromatic polycarbox-
ylic acids containing 8-20 carbon atoms and 2-6 car-
boxyl groups as well as their corresponding anhydrides
and acid halides.

Representative of such acids, anhydrides and acid ha-
lides are phthalic anhydride, phthalic acid, terephthalic
acid, isophthalic acid, 1,3,5-benzenetricarboxylic acid,
1,2,3,4-benzenetetracarboxylic  acid, 1,2,3,5-ben-
zenetetracarboxylic acid, benzenehexacarboxylic acid,
naphthalic acid, 1,2,3,4-naphthalenetetracarboxylic
acid, etc.

It is also possible to use cobalt complexing agents in
the practice of this invention, which have been found
to serve as vulcanization retarders. Preferred cobalt
complexing agents are the cobaltammines, and prefera-
bly the cobalthexammines and pentammines. Repre-
sentative of such complexing agents is cobalt IIl hexam-
mine chloride. However, it will be understood that a va-
riety of other cobalt complexing agent are well known
to those skilled in the art and may likewise be used in
the practice of the invention. However, since many of
the cobalt complexing agents are unstable in aqueous
systems, it is generally desirable to avoid the use of
such cobalt complexing agents in aqueous medium.

Again, without limiting the present invention as to
theory, it is believed that the foregoing acidic-type vul-
canization retarders are effective in providing a uni-
form rate of vulcanization and/or cure in a fiber rein-
forced elastomeric product through reaction with the
low molecular weight components in the impregnant to
thereby minimize or prevent migration of such compo-
nents into the continuous phase formed of the elasto-
meric material.

One of the most preferred impregnants for use in this
invention are the combinations of a basic elastomer
latex and a resorcinolaldehyde resin prepared in the
presence of primary and secondary alkyl amines in
which the alkyl groups contain 1 to 4 carbon atoms.
Such impregnants are commercially available under
the trademark “Lotol” of the U.S. Rubber Co., and the
method for their preparation is described in Canadian
Pat. No. 435,754. As is described in this Canadian pa-
tent, resorcinol is reacted in aqueous medium with a
lower aliphatic aldehyde, and preferably formaldehyde
in a mole ratio of at least 2.0 moles of aldehyde per
mole of resorcinol in the presence of the amine in a
mole ratio of at least 1.3 moles of amine per mole of
resorcinol to form an aqueous solution of the resor-
cinol aldehyde resin, which can be added to an alkaline
elastomer latex without precipitation of the resin or co-
agulation of the latex.
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It is believed that it is low molecular weight resor-
cinol-formaldehyde resin components of the combina-
tion of the amine-modified resorcinol-formaldehyde
resin and elastomer latex which have a tendency to mi-
grate into the elastomer, and the vulcanization retard-
ers of this invention react with this low molecular
weight component to minimize or prevent migration.

It is also possible to utilize, as an impregnant, terpoly-
mer latexes in which the terpolymer is formed of buta-
diene, styrene and vinyl pyridine in the practice of this
invention, either alone or in combination with an elas-
tomer latex. The vinyl pyridine-butadiene-styrene ter-
polymer is available from the General Tire and Chemi-
cal Company under the tradename “Gentac” or from
the Goodyear Tire and Rubber Company under the
tradename of ““Pliolite VP 100,” and in which the ma-
terials are present in the weight ratio of 15 percent by
weight vinyl pyridine, 15 percent by weight Styrene and
70 percent by weight butadiene.

It is believed that low molecular weight components
of the terpolymer, which is alkaline in nature, react
with the retarders used in this invention to prevent mi-
gration into the continuous elastomer phase to insure
uniformity in vulcanization or cure.

It will be understood that the concepts of the present
invention are applicable to any impregnant material
containing a low molecular weight component reactive
~with the acidic retarders of this invention. Representa-
tive impregnants include ureaaldehyde resins, mela-
mine-aldehyde resins, polyesters, polyamides, polye-
poxides, all of which are known to the art.

The retarder may be combined with the impregnant
in any convenient manner. In accordance with one em-
bodiment of the invention, an impregnated bundle is
coated with a thin coating of the retarder. However, the
retarder is preferably formulated into the impregnating
composition for the impregnation of a fiber bundle for
best results.

The amount of the retarder employed is not critical
and can be varied within wide limits. It is generally ad-
visable that the retarder, whether present as a coating
or as a component of the impregnant, constitutes from
0.1 to 25 percent by weight, and preferably 1 to 10 per-
cent by weight of the impregnant.

As indicated above, the concepts of the present in-
vention are applicable to a wide variety of fibers, in-
cluding metal wire fibers, and fibers formed from or-
ganic materials including rayon, polyamides, polyes-
ters, dacron and other systhetic fibers fromed of resin-
ous polymeric material. For a further description of the
formation of bundles from fibers of the type described,
reference is made to copending application Ser. No.
87,196, filed Nov. 5, 1970, and now.abandoned the dis-
closure of which is incorporated herein by reference. In
light of the fact that the phenomenon of the present in-
vention stems from the prevention of migration of low
molecular weight components from the impregnant
system in the fiber bundle, the chemical nature of the
fibers is not critical to the practice of the invention.
However, the concepts of this invention have been
found to be particularly suitable in the manufacture of
glass fiber-reinforced elastomeric products since glass
fibers have most unique properties as compared to
other fibers of the type described above, and thus the
preferred fibers for use in the practice of this invention
are glass fibers.

10

15

20

25

30

35

40

45

50

60

65

6

Having described the basic concepts of the present
invention, reference is now made to the following ex-
amples which are presented by way of illustration, and
not of limitation, of the practice of the invention in
treating fibrous materials to form fiber bundles em-
bodying the concepts of this invention and the combi-
nation of such fiber bundles with elastomeric materials
in the manufacture of fiber reinforced elastomeric
products.

EXAMPLE 1

This example illustrates the treatment of a glass fiber
bundle impregnated with a resorcinol formaldehyde
latex to form a coating of a vulcanization retarder on
the surface of the bundle.

Referring to FIG. 2 of the drawing, a strand 18 of
glass fibers which have been preferably, although not
necessarily, sized in forming is passed over a guide rol-
ler 20 for passage downwardly into an impregnating
bath 22 containing the following impregnating compo-
sition:

Natural rubber latex-resorcinol 25% by wt.
formaldehyde resin (38% solids-*Lotol

54407)

Water 75% by wt.

The bundle is then turned under a pair of rollers 24 to
effect a sharp bend in the bundle which operates to
open the bundle to facilitate more complete penetra-
tion of the aqueous impregnating composition in the
bundle of sized glass fibers for complete impregnation
of the bundle. The impregnated bundle is then raised
from the bath for passage through a roller or die 26

which operates to remove excess impregnating compo-
sition from the bundle and to work the impregnating
composition into the bundle. Thereafter, the endless
bundle is advanced over roller 28 into a drying oven 30,
preferably in the form of an air drying oven maintained
at a temperature above ambient temperature, and pref-
erably within the range of 150°-250° F. to accelerate
removal of the aqueous diluent and to set the impreg-
nant in situ in the fiber bundle. Drying will occur in rel-
atively short time, generally ranging from 1-30 minutes
depending somewhat on the temperature of drying.

After passage through the drying oven 30, the im-
pregnated bundle 32 is coated with a solution of one of
the retarders of this invention dissolved in an inert sol-
vent. Application of a coating may be made by passing
the impregnated bundle 32 over a roller 34 which is
constantly wet with the retarder solution from bath 36.
In this example, use is made of a solution of N-
nitrosodiphenylamine dissolved in acetone although it
will be understood that any of a variety of suitable inert
solvents can be used. ) .

The resulting bundle is shown in cross-section in FIG.
3 of the drawing. As can be seen from this figure, bun-
dle 10 is formed of a plurality of individual glass fibers
40 having optional size coating 42 on the surfaces
thereof. The impregnant 44 which completely pene-
trates the bundle serves to separate the glass fibers each
from the other and to form a unitary bundle structure.
The N-nitrosodiphenylamine forms a thin coating 46
on the dried and impregnated bundle and is thus avail-
able to moderate the cure and/or vulcanization when
the bundle is combined with elastomeric materials in
the manufacture of glass fiber-reinforced elastomeric
products.
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EXAMPLE 2

The procedure of Example 1 is repeated using a plu-
rality of steel fibers which have been previously coated
with zinc to reduce corrosion. Introduction of the im-
pregnant composition is made in an amount to impreg-
nate with dry solids of 10-25 percent by weight of the
fiber system, and preferably 10-15 percent by weight.
In formulating such impregnant compositions, it is gen-
erally desirable that an elastomer compatible material,
such as the RFL employed in this example, be present
in the impregnant composition in an amount sufficient
to provide a composition having a solids content within
the range of 10-50 percent by weight.

EXAMPLE 3

The procedure of Example 1 is again repeated using
as the fibrous material, polyester fibers. Again, the im-
pregnant composition is applied to the bundle in an
amount to provide dry solids constituting from 10-25
percent by weight of the fiber system.

EXAMPLE 4

The procedure of Example 1 is again repeated using
a plurality of sized glass fibers and the following im-
pregnant composition:

Vinyl pyridine-butadiene-styrene 30%
terpolymer (41% solids — “Gentac™)
Water i 70%

After drying, the impregnated bundle is then coated
in the manner described in Example 1 with a solution
of phthalic anhydride in an inert solvent (ethanol). The
concentration of phthalic anhydride in solution is ad-
Justed to provide a coating on the impregnated bundle
constituting about 6 percent by weight of the system.

EXAMPLE 5

In this example, the procedure of Example 1 is again
repeated using a resorcinol formaldehyde latex impreg-
nant composition. After drying of the impregnated
bundle, the bundle is coated in the manner described
in Example 1 with a solution of cobalt III hexammine
chloride in hexane. The bundle, after coating with the
cobalt complexing agent, is found to contain about 2.7
percent by weight of the cobalt complexing agent.

EXAMPLE 6

This example illustrates the use of a vulcanization re-
tarder in accordance with the present invention which
has been formulated in the impregnant composition.

A resorcinol formaldehyde latex of the type de-
scribed above is' formulated with an N-
nitrosodiphenylamine vulcanization retarder in accor-
dance with the following example:

25%

Natural rubber latex-resorcinol

formaldehyde resin (38% solids-“Lotol

5440") .
N-nitrosodiphenylamine 3%
Water 72%

The foregoing impregnant composition containing
the vulcanization retarder is then applied to a bundle
of sized glass fibers in accordance with the method de-
scribed in FIG. 2 of the drawing, except that the subse-

8

quent step of coating the treated bundle with the vulca-

nization retarder can be, if desired, omitted. The result-

ing bundle is illustrated in FIG. 4 of the drawing in

which the impregnant 48 in the glass fiber bundle con-
5 tains the N-nitrosodiphenylamine vulcanization re-
tarder dispersed uniformly throughout.

Additional examples of impregnant compositions for-
mulated to contain the vulcanization retarder in accor-
dance with the practice of the invention may be illus-
trated by the following examples.

EXAMPLE 7

10

15 Natural rubber latex-resorcinol 25%
formaldehyde resin (38% solids-*Lotol
54407)
N-nitrosotolylisopropylamine 4%
Water 71%
20 The foregoing composition is applied to nylon fibers

in accordance with the procedure described in Exam-
ple 6.

EXAMPLE 8
25
Natural rubber latex-resorcinol 25%
formaldehyde resin (38% solids-*‘Lotol
5440™)
Salicylic acid 5%
30 Water 70%

The foregoing impregnant composition is applied to
unsized glass fibers in accordance with the method il-
lustrated in FIG. 2 of the drawing and the procedure

35 described in Example 6.

EXAMPLE 9

40 Vinyl pyridine-butadiene styrene terpolymer (41% solids —
“Gentac”) 28%
" N-nitrosophénylcyclohexylamine

Water

2.8%
69.2%

45 The foregoing composition is applied to steel fibers

having a zinc coating of their surfaces in accordance
with the procedure described in Example 6.

50 EXAMPLE 10

Vinyl pyridine-butadiene styrene

30.0%

terpolymer (41% solids — “Gentac™")
Terephthalic acid : 5.8%
55  water 64.2%

The foregoing impregnant composition can be used

in the treatment of fibers of the type described above

0 in accordance with the method described in Example
6.

EXAMPLE 11

Melamine formaldehyde resin (63% 30%
solids)

N-nitrosophenylnaphthylamine 4%
Water . 66%
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EXAMPLE 12
Urca formaldehyde resin (average m.w. 31%
900)
1.3,5-Benzenetricarboxylic acid 6%
Water 63%

EXAMPLE 13

The impregnant used in this example is a polyepoxide
formed of the condensation reaction product of bis-
phenol A and epichlorohydrin (Epon 728) marketed
by Dow Chemical.

33%
5%
62%

Polyepoxide
N-nitrosophenylisobutylamine
Water

The impregnant compositions of Examples 11-13
can be used with any of the fiber systems described ab-
ove.

In accordance with another embodiment of the in-
vention, it is frequently desirable to include in the im-
pregnating composition an anchoring agent in the form
of an organo silicon compound which serves to more
securely anchor the fibers, and particularly glass fibers,
to elastomeric materials when bundles of impregnated
fibers are combined with elastomeric materials in the
manufacture of fiber reinforced elastomeric products.
One of the difficulties heretofore experienced with the
use of such anchoring agents is that, again, without lim-
iting the invention as to theory, it is believed that the
organo silicon anchoring agents also migrate into the
rubber from the impregnant of the bundle thereby con-
tributing to the elastomer-elastomer interface de-
scribed above. However, the concepts of the present
invention substantially minimize the problem of migra-
tion of these anchoring agents since the organo silicon
compounds are reactive with the vulcanization retard-
ers when the retarders are activated by heat during
cure and/or vulcanization of an impregnated bundle in
which the impregnant includes an anchoring agent to
thereby prevent or minimize migration of the organo
silicon compounds into the elastomeric continuous
phase of the fiber reinforced elastomeric product.

Representative of suitable anchoring agents which
can be used in the practice of this invention are the or-
gano silicons, their hydrolysis products and polymeriza-
tion products (polysiloxane) of an organo silane having
the formula:

Z(4—n) Sl Rn

wherein Z is a readily hydrolyzable group such as alk-
oxy having 1-4 carbon atoms (e.g., methoxy, ethoxy,
propoxy, etc.) or halogen, such as chlorine, » is an inte-
ger from 1 to 3, and R is hydrogen or an organic group
in which at least one R group is an alkyl group having
1-10 carbon atoms, such as methyl, ethyl, propyl, etc.;
alkenyl having 1-10 carbon atoms, such as vinyl, allyl,
etc.; cycloalkyl having 4-8 carbon atoms, such as cy-
clopentyl, cyclohexyl, etc.; aryl having 6-10 ‘carbon
atoms, such as phenyl, naphthyl, benzyl, etc.; alkoxy
alkyl, such as methyloxyethyl, etc.; alkenylcar-
bonyloxyalkyl, such as carbonylpropylmethoxy, etc.; as
well as the amino, epoxy, mercapto and halogen deriva-
tives of the foregoing groups.

Hlustrative of suitable silanes are ethyltrichlorosilane,
propyltrimethoxy silane, vinyl trichlorosilane, allyl trie-
thoxy silane, cyclohexylethyltrimethoxy silane, phenyl
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10
trichloro silané, phenyl dimethoxy silane, methacrylox-
ypropyltrimethoxy silane, gamma-
aminopropyltriethoxy silane, beta-aminovinyldie-

thoxy silane, N-(gamma-triethoxysilyipropyl)propyla-
mine, gamma-aminoallyltriethoxy silane, para-
aminophenyltriethoxy silane, N-(beta-aminoethyl)-
gamma-aminopropyltrimethoxy  silane, = gamma-
chloropropyltrichloro silane, glycidoxy propyltrime-
thoxy silane, 3,4-epoxycyclohexylethyltrimethoxy si-
lane, gamma-mercaptopropyltrimethoxy silane as well
as a wide variety of others. It will be understood that
the foregoing may be used in the form of the silane, the
silanol or the polysiloxane formed by one or more of
the foregoing materials.

The organo silanes are generally present in the im-
pregnant composition in an amount within the range of
0.1 to 5 percent by weight.

Examples of impregnant compositions formulated to
include such silanes may be illustrated by the following
examples.

EXAMPLE 14
Natural rubber latex-resorcinol 25%
formaldehyde resin (38% solids-*‘Lotol
5440™)
Gamma-aminopropyltriethoxy silane 1%
N-nitrosodiphenylamine 6%
Water 68%
EXAMPLE 15
Vinyl pyridine-butadiene-styrene 30%
terpolymer(41% solids-“Gentac™)
3,4-epoxycyclohexylethyl-trimethoxy 1.5%
silane
Phthalic anhydride 6.0%
Tetramethyl ammonium hydroxide 4.0%
Water 58.5%
EXAMPLE 16
Melamine formaldehyde resin(63% 31.0%
solids)
Delta-aminobutyltriethoxy silane 1.2%
N-nitrosophenylcyclohexylamine 4.0%
Water 63.8%

When formulating an anchoring agent into the im-
pregnant compositions in accordance with the con-
cepts of the invention, it is frequently desirable to ad-
Jjust the pH of the resulting impregnant composition to
insure the stability of the system and prevent precipita-
tion of the silane from the solution. For this purpose,
it is frequently desirable to formulate the impregnant
composition to include a quaternary ammonium hy-
droxide to adjust the pH to the alkaline side.

The foregoing compositions can be applied to any of
the fiber systems of the types described above whereby
the vulcanization retarder containing in the impregnant
composition serves to moderate the rate of vulcaniza-
tion when the impregnated bundle is combined with
elastomeric material in the manufacture of fiber rein-
forced elastomeric products. The use of such anchoring
agent is particularly desirable in the case of glass fiber-
reinforced elastomeric products since it is believed that
the anchoring agents of the type described serve to in-
tertie the impregnated bundle with the elastomeric ma-
terial with which the bundle is combined.
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It it desirable to achieve as full impregnation as possi-
ble into the bundles of fibers in order to more effec-
tively separate the fibers one from the other by the im-
pregnant. The deeper the penetration, the more effec-
tive will be the bond between the individual fibers in
the bundle and the elastomeric material with which the
bundles of fibers are combined in the subsequent man-
ufacture of fiber reinforced elastomeric products.

In the final system, the elastomeric material with
which the fiber bundle is combined will constitute a
continuous phase, and it is believed that the tie-in be-
tween the impregnated bundles of fibers and the elasto-
meric material forming the continuous phase will occur
primarily during cure or vulcanization of the elasto-
meric material during fabrication of the fiber rein-
forced elastomeric product.

In fabricating combinations of metal or synthetic
fiber bundles prepared in accordance with the proce-
dures of this invention with elastomeric materials, the
bundles are admixed with the elastomeric material or
otherwise laid down in the desired arrangement. The
combination of the impregnated bundle and the elasto-
meric material or system is achieved in a conventional
manner by molding or curing under heat and compres-
sion of the elastomeric material admixed with conven-
tional accelerators, vulcanizing agents and/or other
conventional processing aids in combination with the
impregnated bundle whereby the bundle becomes se-
curely integrated with the elastomeric material in the
resultant product without the formation of the unde-
sired elastomer-elastomer interface described above
which serves to weaken the overall bond otherwise es-
tablished between the impregnated fiber bundle and
the elastomeric material when it is combined.

In accordance with the concepts of this invention,
and as illustrated in FIG. 5 of the drawing, the glass
fiber bundles 10 are thus integrated in the elastomeric
material 11 forming the continuous phase without the
formation of the elastomer-elastomer interface since
the vulcanization retarders of this invention serve to
moderate the rate of vulcanization of the elastomeric
material immediately adjacent to the fiber bundles 10.

It will be understood that the concepts of the present
invention are applicable to strands formed of a plurality
of individual glass fiber filaments, and to cords formed
of a plurality of strands which have been assembled or
twisted together. Strands forming such cords may have
a twist, a reverse twist or no twist at all in accordance
with well known technology in the manufacture of glass
fibers. In addition, the concepts of the invention are
also applicable to woven and non-woven fabrics
formed from cords of the type described above.

It will be understood that various changes and modi-
fications can be made in the details of formulation,
methods of application and use without departing from
the spirit of the invention, especially as defined in the
following claims.

I claim:

1. A glass fiber bundle formed of a plurality of glass
fibers and an impregnant in the bundle, said impreg-
nant containing an alkaline polymeric elastomer com-
patible material and containing an acidic vulcanization
retarder capable of reaction with low molecular weight
components of the elastomer companble material, said
retarder being an N-nitroso amine.
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2. A fiber bundie as defined in claim 1 wherein the
amine has the formula

N]()
N
N
R:

/
R,

wherein R, is aryl and substituted derivatives thereof
and R, is selected from the group consisting of alkyl,
cycloalkyl, aryl and substituted derivatives thereof.

3. A fiber bundle as defined in claim 1 wherein the
retarder is present in the form of a thin coating on the
impregnated bundle.

4. A fiber bundle as defined in claim 1 wherein the
retarder is admixed with the elastomer compatible ma-
terial.

5. A fiber bundle as defined in claim 1 wherein the
elastomer compatible material is a mixture of an elasto-
mer latex with an amine-modified resorcinol aldehyde
resin.

6. A fiber bundle as defined in claim 1 wherein the
elastomer compatible material is a butadiene-styrene-
vinyl pyridine terpolymer.

7. A fiber bundle as defined in claim 1 wherein the
elastomer compatible material is selected from the
group consisting of urea-aldehyde resins, melamine-
aldehyde resins, polyesters, polyamides and polyepox-
ides.

8. A fiber bundle as defined in claim 1 wherein the
retarder is present in an amount within the range of 0.1
to 25 percent by weight based on the welght of the im-
pregnant in the bundle.

9. A fiber bundle as defined in clalm 1 wherein the
impregnant includes an organo silicon anchoring agent.

10. A fiber bundle as defined in claim 1 wherein the
fiber bundle is in the form of a cord formed of a plural-
ity of strands of glass fibers.

11. A fiber bundle as defined in claim 10 wherein the
strands forming the cords are twisted and plied to-
gether.

12. A fiber bundle as defined in claim 1 wherein the
fiber bundle is in the form of a woven or non-woven
fabric formed of fibers in the form of cords.

13. In a glass fiber-reinforced elastomeric product in
which an elastomeric material constitutes a continuous
phase in which bundles of glass fibers are distributed,
the improvement in the bonding relationship between
the glass fibers and the elastomeric material comprlsmg
an 1mpregnated glass fiber bundle in which the impreg-
nant is an alkaline, polymenc elastomer compatible
material and contains an acidic vulcanization retarder
capable of reaction with low molecular weight compo-
nents of the elastomer compatible material in response
to heat during cure or vulcanization, said retarder
being an N-nitroso amine. ,

14. A product as defined in claim 13 wherein the
amine has the formula
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wherein R, is aryl and substituted derivatives thereof
and R, is selected from the group consisting of alkyl,
cycloalkyl, aryl and substituted derivatives thereof.

15. A product as defined in claim 13 wherein the re-
tarder is present in the form of a thin coating on the im-
pregnated bundle.

16. A product as defined in claim 13 wherein the re-
tarder is admixed with the elastomer compatible mate-
rial.

17. A product as defined in claim 13 wherein the
elastomer compatible material is a mixture of an elasto-
mer latex with an amine-modified resorcinol aldehyde
resin.

18. A product as defined in claim 13 wherein the
elastomer compatible material is a butadiene-styrene-
vinyl pyridine terpolymer.

19. A product as defined in claim 13 wherein the
elastomer compatible material is selected from the
group consisting of urea-aldehyde resins, melamine-
aldehyde resins, polyesters, polyamides and polyepox-
ides.

20. A product as defined in claim 13 wherein the re-
tarder is present in an amount within the range of 0.1
to 25 percent by weight based on the weight of the im-
pregnant in the bundle.

- 21. A product as defined in claim 13 wherein the im-
pregnant includes an organo silicon anchoring agent.

22. A product as defined in claim 13 wherein the
fiber bundle is in the form of a cord formed of a plural-
ity of strands of glass fibers.

23. A product as defined in claim 22 wherein the
strands forming the cords are twisted and plied to-
gether.

24. A product as defined in claim 13 wherein the
fiber bundle is in the form of a woven or non-woven
fabric formed of fibers in the form of cords.

25. In the method for the manufacture of glass fiber-
reinforced elastomeric products in which a bundle of
impregnated fibers is combined with an elastomeric
material and the resulting combination is molded under
heat and pressure to integrate the glass fiber bundle in
the elastomeric material, the improvement comprising
providing at least a coating of an acid vulcanization re-
tarder on a bundle impregnated with an alkaline, poly-
meric elastomer compatible material and molding the
bundle with an elastomeric material under heat and
pressure whereby a uniform rate of vulcanization or
cure is achieved throughout the reinforced elastomeric
product, said retarder being an N-nitroso amine.

26. A method as defined in claim 25 wherein the
amine has the formula

wherein R, is aryl and substituted derivatives thereof

and R, is selected from the group consisting of alkyl,

cycloalkyl, aryl and substituted derivatives thereof.
27. A method as defined in claim 25 wherein the re-
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tarder is admixed with the elastomer compatible mate-
rial.

28. A method as defined in claim 25 wherein the elas-
tomer compatible material is a mixture of an elastomer
latex with an amine-modified resorcinol aldehyde resin.

29. A method as defined in claim 25 wherein the elas-
tomer compatible material is a butadiene-styrene-vinyl
pyridine terpolymer.

30. A method as defined in claim 25 wherein the elas-
tomer compatible material is selected from the group
consisting of urea-aldehyde resins, melamine-aldehyde
resins, polyesters, polyamides and polyepoxides.

31. A method as defined in claim 25 wherein the im-
pregnant includes an organo silicon anchoring agent.

32. A method as defined in claim 25 wherein the
fiber bundle is in the form of a cord formed of a plural-
ity of strands of glass fibers.

33. A method as defined in claim 32 wherein the
strands forming the cords are twisted and plied to-
gether. :

34. A method as defined in claim 25 wherein the
fiber bundle is in the form of a woven or non-woven
fabric formed of fibers in the form of cords.

35. A glass fiber bundle formed by a plurality of glass
fibers and an impregnant in the bundle, said impreg-
nant comprising an alkaline blend of a resorcinol-
aldehyde resin and an clastomer and containing an
acidic vulcanization retarder in the form of an N-
nitroso amine having the formula

wherein R, is aryl and substituted derivatives thereof
and R; is selected from the group consisting of alkyl,
cycloalkyl, aryl and substituted derivatives thereof.

36. In a glass fiber reinforced elastomeric product in
which an elastomeric material constitutes a continuous
phase in which bundles of glass fibers are distributed,
the improvement in the bonding relationship between
the glass fiber bundle and the elastomeric material
comprising an impregnated glass fiber bundle in which
the impregnant is an alkaline blend of a resorcinol-
aldehyde resin and an elastomer and contains an acidic
vulcanization retarder in the form of an N-nitroso
amine having the formula

wherein R, is aryl and substituted derivatives thereof
and R, is selected from the group consisting of alkyl,

cycloalkyl, aryl and substituted derivatives thereof.
* kK Tk ok



