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RUBBER COMPOSITIONS CONTAINING PHLOROGLUCINGL ACETATE OR BUTYRATE
FOrR USE INTIRE TREADS OF HEAVY VERICLES

FIELD OF THE INVENTION

{601} This invention relates generally to a rubber compound for use in tires of heavy vehicles
such as large truck and bus. More specifically, the present invention relates to an eco-friendly,
fuel-efficient rubber compound for use in the treads of truck and bus tires that can wnclude standard
methylene donors, that does not include resorcinol, but that unexpectedly provides superior rolling

resistance and hardness properties for such rubber compounds.

BACKGROUND OF THE INVENTION

{602} Increasing pressure over the several past decades 1o improve vebicle fuel economy and
decrease ermtssions along with a strong sense of environmental stewardship has driven the tire and
subber industries to reduce tire rolling resistance. Corporate Average Fuel Economy (CAFE}
standards, the Greenhouse (Gas (GHG) protocol, other legislations promulgated by the National
Highway Trassportation Safety Admunistration (NHTSA) and the Environmental Protection
Agency {EPA) in the United States, regulations promulgated by Transportation Canada and the
Canadian Health Mimstry, and the European Union Tyre Label 1n Europe, have targeted an unmet
need for the accomplishment of additional augmentation in the fuel efficiency of tires, while
simultancously maintaining or improving other aspects of tire performance. One manner of
determining fuel efficiency is to examing parameters refated to the rolling resistance of the rubber
composition. These can be determined by varnous mechanical properties of the rubber
compostiions. Simply put, the lower the rolling resistance of the rubber compeosition, the more
fuel efficient the tire will be.

{603} Generally, it is known in the art that, by adding silica or sulfur-containing organosilane
coupling agent to tire fread rubber compositions, varicus properties, such as wet traction and
rolling resistance, can be improved. Thus, it has been shown in Japanese Patent No. 50-88 that tire
treads for winter season fires have an improved slipping resistance with a silane compound
containing a silicon atom and a sulfur atom 15 added to the rubber compound. Likewise, European
Patent No. EP 0 299 074 suggested the use of an alkoxysilane functionalized in rubber

~

compositions comprising stiica as a reinforcing filler. Similarly, in US Patent No. 5,227,425, the
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disclosure of which is incorporated herein by reference in its entirety, tire tread compositions are
disclosed 1n which the rubber component is a copolymer of a conjugated diene and a vinyl-
containing aromatic compound which was prepared in solution and in which the carbon black filler
was partially or completely replaced with silica and a silane coupling agent that was added during
smuxing separately from the polymer.

{0604} However, the rubber compounds disclosed in the patents above cannot meet the load
ndices required for heavy vehicles, such as commercial medium trocks weighing more than
13,000 lbs. or heavy-duty trucks weighing more than 26,000 Ibs. These rubber compounds are
more suited for small tires, such as are used on passenger cars and hight trucks.

{605] In French Patent No. 3054227, phloroglucinol tri-acetate 15 a known compound that
can be used with some silane-containing compounds.  However, the patent does not use
hexamethoxymethylmelaming (HMMM) as a methylene donor compound as the purpose of the
patent is to provide alternatives to methylene donor compounds. Instead, the patentee adds other
ingredients such as furfurals to their formulation, which are not methyiene donor compounds.
Finally, the French patent does not make mention of silanes anywhere. Importantly, furfurals are
not a substitute for HMMM or hexarethylenetetramioe (HMT) as they bave no resemblance to
these structures and have completely ditferent purposes.

{806} There have been attempts to address the 1ssue of providing high load bearing tread
composttions that include sifica to provide fuel efficient treads for use on tires for truck or bus
applications.  One such attempt i1s provided in U8 Patent Application Publication No. US
2020/0140661 Al, now USRS, Patent No. 11,267 955, which discloses and claims a rubber
compound containing natural rubber, a reinforcing filler such as silica that is reactive with a special
stiane coupling agent such as hexamethoxymethyimelamine (HMMM)-functionalized silane (i e,
not HMMM itself), and resorcinol or a resorcinol-formaldehyde resin-based secondary network.
Within the patent, phloroglucinol is referenced as a potential active hydrogen-containing
compound. However, it is important to note that phloroglucinol itself is not a phloroglucinolic
resin. Moreover, it is noted that this patent claims hexamethoxymethyl melamine-functionalized
stiane reactive with a reinforcing filler. This is believed to be the novelty of that patent, which does
not claim using hexamethoxymethylmelamine (HMMM) separate and apart from silane.

{607} On the other hand, resorcinol-formaldehyde resins, also referred to as RF resing or

resorcinolic resins, which are formed as the reaction product of resorcinel and formaldehyde, have
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been widely used in various apphications including rubber compounding. in rubber compound
formulations, solid RF resins have long been used to enhance rubber properties such as the
adbesion properties between rubber and reinforcing materials and the physical properties in articles
such as tires, belts and hose products.

{0608} The 1ssue with these resings is that resorcinol resins generally bave 10 to 20% unreacied
or free resorcinol. The amount of free resorcinol can be a critical factor when balancing umportant
properties, and the presence of free resorcinol can be problematic. For example, free resorcinol
gasily sublimes at melting temperatures and can volatilize during rubber mixing. Such
volatilization 13 often referred to as fuming, and thereby creates added issues with the rubber
mixing process. Further, the presence of the free resorcinol contributes to the hygroscopicity of
the resorcinol resin, which 1n turn creates storage and handling problems.

{809} Furthermore, formaldehyde has been used to produce resorcinol-formaldehyde resing
for many years. In view of its widespread use, toxicity, and volatility, formaldehyde presents
potential health and enviroomental problems. In 2011, the US National Toxicology Program
described formaldehyde as known to be a human carcinogen. Thus, rubber compositions that
included resorcinol or resorcinol-formaldebyde resin compounds are not accepted by some tire
manufacturers today.

{8010} In response to the need to not use resorcinol or resorcinolic-formaldehyde resins, WIPO
Publication No. W(32021/141934 provides for the use of phloroglucinolic resins as a substitute for
resorcinol or resorcinol-formaldehyde resins, but only where no silane additives were used. That
18, ltke moany of the other patents cited hereinabove, these resins bave only been suitable 1o rubber
compositions for use in light weight vehicle tires, as no silane additives were used in those patents
or tires. Without silane additives, the load indices for large truck tires cannot be met,

{6011 Accordingly, the need exists for the development of a high load-bearing rubber
compound with the load-carrying capacity of reinforced natural rubber, and the fuel efficiency of
silica-based tread for use in heavy vehicle (e.g, medium to heavy-duty truck and bus) tire
applications.

{p612] To date, there has only been one patent application that contains both a phloreghucinolic
resin and silica. That patent application has not yet been published by WIPO, but is owned by the
applicant of record heretn, and is suitable for many uses, including rubber corupounds for use o

the treads of truck and bus tires. However, it has recently been found that, while phloroglucinol
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resing improve upon resorcinol, with structural constderations, it can be seen that some of the
reaction sites of phloroglucinol are consumed by linkers during the process of producing the

phloroglucino! resin, and therefore have some deficiencies.

SUMMARY OF THE INVENTION

{6013] To establish a highly fuel-efficient tire for heavy trucks and buses, a rubber
composition containing phloroglucinol that is modified so as to not consume methylene donor
binding sites, while existing as a solid at room temperature, and having a melting point lower than
typical rubber masterbatch processing temperatures is desired. Such rubber compound
formuldations consisting of natural rubber, silica, specialty silane coupling agents, methylene donor
compounds such as hexamethoxymethylmelamine (HMMM]} (separate from the silane coupling
agents), and a specially modified phloroglucino! have been made. Surprisingly and unexpectedly,
these rubber formulations showed much better durability and hardness as compared to similar
rubber compounds that included phloroglucinol resin. This invention provides a much better
natural rubber-silica tread compound for truck and bus, without sacrificing any reaction sites.

{6014] At least one aspect of the present wvention can be found in a rubber composition
comprising {a} a rubbery polymer or blend of polymers; (b} at least one organosilane coupling
agent, {¢} at feast one reinforcing filler that 1s reactive with the at least one organosilane coupling
agent, {d) at least one methvlene donor compound; (e) at least one modified phloroglucinol
selected from the group consisting of phloroglucinol monoacetate, diacetate and triacetate and
butyrate; and {f) at least ovne a sulfur-donating compound. In various embodiments, the rubber
composition includes the ingredients above, wherein the rubbery component {a) ranges from about
25 to about 95 werght percent based on the total weight of the rubber composition; the organosilane
coupling agent {b) ranges from 0.035 parts to 30 parts organosilane coupling agent (b}, per 100 parts
of the rubbery polymer; the reinforcing filler (¢} that is reactive with the organosilane coupling
agent (b) ranges trom 1 part to 150 parts retnforcing filler, per 100 parts of the rubbery polymer,
the methyiene donor compound {(d) ranges from 0.1 parts to 30 parts methylene donor compounds,
per 100 parts of the rubbery polymer; the modified phloroglucinel (e} ranges from 0.1 parts to 15
parts modified phloroglucinol, per 100 parts of the rubbery polymer; and the sulfur-donating
compound (f) ranges frow 0.1 parts to 5 parts sulfur-donating compound, per 100 parts of the

rubbery compound.

i
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{B015] in one or more embodiments, the rubbery polymer {a) may be selgcted from the group
consisting of natural rubber (NR), synthetic polvisoprene (IR}, polybutadiene (BR), various
copolymers of butadiene, the copolymers of isoprene, solution styrene-butadiene rubber (SSBR),
emulsion styrene-butadiene rubber (ESBR), ethylene-propvlene terpolymers (EPDM),
acrylonitrile-butadiene rubber (NBR), and functionalized rubbers that are modified by at least one
alkoxysilyl group, tin-containing group, amine group, hvdroxyl group, carboxylic acid group,
polysiloxane group, epoxy group or phthalocyanimo group. In other, more particular embodiments,
the rubbery polymer includes natural rubber or a mixture of natural rubber and butadiene rubber.
[8016] In these and other embodiments, the reinforcing filler (b} may be chosen from fibers,
particulates or sheet-like structures comprising metalloid oxides or metal oxides having surface
hvdroxyl groups. In the same or other embodiments, the reinforcing filler (b) includes precipitated
silica.

{8017} In these and other embodiments, the methylene donor compound (d) may be selected
from the group cousisting of hexamethoxymethyloelamine (HMMM), hexamethyienetatramine
{HMT), polyisocyanates, polyisocyanurates, epoxy resins, amino resins and polyurethanes. In
these and other embodiments, an amino resio may be wcluded and selected from the group
cousisting  of  1,1,3.3-tetra-methoxymethylurea,  1,33-tris-methoxymethylurea, 1,3-bis-
methoxymethylurea, 1, I-bis-methoxymethylurea, 1,13 3-tetra-ethoxymethylurea, 1,3 3-tnis-
ethoxymethylurea, 1,3-bis-ethoxymethylurea, 1, 1-bis-ethoxymethylurea, 1,1.3 3 tetra-
propoxymethylurea, 1,3 3-tris-propoxymethylurea,  1,3-bis-propoxymethylurea,  1.1-bis-

propoxymethylurea, 1,1,3,3-tetra-butoxymethylurea, 1,1,3,3~tetra-phenoxymethylurea, N-(1,3,3-

1,33-tetra-ethoxymethylurea, N, N 7 -bis-{1,1,3-tris-

b

tris~ethoxymethylureidomethyl)-1

4

ethoxymethylureidomethyl}-1,3-bis-ethoxymethylurea, N, N -bis-(1,1,3-tris~

ethoxymethylureido-methoxymethyl)-1,3-bis-ethoxymethylurea, NNN° N~ N7 N7 .

2

hexakis-methoxymethyl-[1,3 Sltriazine-2 4,6-triamine, NNN °~ N~ N 7 .pentakis-

methoxymethyl-[1.3 5ltriazine-2 4 6-triamine, NNN ° N 7 -tetrakis-methoxymethyl-

[1,3,5triazine-2 4 6-triamine, NNN' N’ N” N” -hexakis-ethoxymethyl-[1,3 5ltriazine-

2

2.4 6-mamine, NNN° N7~ N7 -pentakis-ethoxymethvl-[1,3.SHriazine-2,4 6-triamine,
>N, ) f % Y
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MNMNNTONT etrakis-ethoxyroethyl-{ 1,3, SHriazine-2 4, 6-triarnine, NNN° N7 N7 N7 -
hexakis-propoxymethyi-[ 1,3, 5itriazine-2 4,6-triamine, NNN ~ N 7 N 7 -pentakis-
propoxymethyl-[13 Sjtriazine-2 4 6-triamine, NNN ~ N 7 _tetrakis-propoxymethyl-
[1,3,5]triazine-2 4, 6-friamine, NN N~ N N7 N -hexakis-phenoxymethyl-{1,3,5Jtriazine-
2.4 6-triamine, NNN" N N” .pentakis-phenoxymethyl-[1.3,5]triazine-2 4 6-triamine and
NNN' N7 -etrakis-phenoxymethyl-[1,3,5liriazine-2,4 6-triamine. Most preferred of the
methviene  donor  compounds  are  hexamethoxymethyimelamine (HMMM)  and
hexamethylenetatramine (HMT).
{8018} In these and other embodiments, the modified phioroglucinol {¢), as defined below,
may have one or more of the following structures, as set forth in Formulas (1), (11}, or (1)
O
AeH

ko

N

(a0

(1D

{6019} As noted by the structures above, it will be appreciated that the sohid modified

phioroglucinol used in the rubber composition may be the reaction product of a phloroglucinol and

-6~
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an acetic anhydride in the presence of an acid catalyst so as to form phloroglucinol mono-acetate
{as shown in Formula (1)), phloroglucinol di-acetate {as shown in Formula (II}), or phloroglucinol
tri-acetate {as shown in Formula (1)} or combinations thereof.

18020} Alternatively, it has been found that other solid modified phloroglucinols can be used
in the rubber composition, which nclude those that are the reaction product of a phloroglucinol
and a butyric anhvdride in the presence of an acid catalyst so as to form phloroghicinol mono-
butyrate, phloroglucinol, di-butyrate, or phioroglucinol tri-butyrate, or corsbinations thereof.
18021} Generally, it will be appreciated that the sulfur-donating compound () may be sulfur,
[8022] One or more other aspects of the present invention may be found in a process for the
preparation of the rubber composition as set forth above.

{6023} Still other aspects of the present invention may be found in a cured rubber composition
prepared from the rubber composition as set torth above. [t will be appreciated that other aspects
of the invention can be obtained by an article, such as a component of a tire, comprising this cured

rubber composition.

DETAILED DESCRIPTION

{0024 Truck tires, and other heavy-duty vehicle tires include an expandable construction of
multiple coniractible bands of rubber and composite materials. For instance, the layer above the
innerliner, consisting of thin textile fiber cords bonded into the rubber is called the carcass or
casing. Carcass and casing are interchangeable terms. Many tire carcasses are one or two body
phies. The tire carcass can weorporate fabric of steel, polyester, nylon or ravon cords within the
carcass rubber compound. A belt system can be disposed on top of (radially outside) the carcass
portion tn the tire construction process. A tread slab or cap portion can be disposed on top of
{radially outside) the belt system and/or carcass. The tread portion contacts the road and is
formulated to enhance the performance properties and durability of the tire. Key properties include
handling, traction, roliing resistance and wear resistance.

[0025] In the specification and claims herein, the following terms and expressions are to be
understood as indicated,

16026} Other than in the working examples or where otherwise indicated, all numbers
expressing arnounts of materials, reaction conditions, time durations, quantified properties of

materials, and so forth, stated in the specification and claims are to be understood as being modified
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in all instances by the term "about”. Moreover, where a number in a table is provided in a claim,
it will be appreciated that that number will mean “or less” where most or many of the other
numbers withio the same table for the same property, amount, etc. are lower than the number
provided. Conversely, where a number in a table is provided in a claim, it will be appreciated that
the number will mean “or more”™ where most or many of the other numbers within the same table
for the same property, amount, etc. are higher than the number provided.

{6027} All methods deseribed herein may be performed 1o any suitable order unless otherwise
indicated herein or otherwise clearly contradicted by context or unless claimed in & specific order.
The use of any and all examples, or exemplary language (e g, "such as") provided herein, is
intended merely to better dluminate the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed.

{8028 No language in the specification should be construed as indicating any non-claimed
element as essential to the practice of the invention.

[0029] The term “for instance” 15 to have the same meaniog as “for example.”

{0030] ft will be understood that any numerical range recited herein includes all sub-ranges
within that range and any combination of the various endpoiuts of such ranges or sub-ranges.
{6031} As used heretn, integer values of stotchiometric subscripts reter to molecular species
and noun-integer values of stoichiometric subscripts refer to a mixture of molecular species on a
molecular weight average basis, a number average basis or a mole fraction basts.

{0032} In the descrniption that follows, all weight percentages are based upon total weight
percent of the organic material{s) unless stated otherwise and all ranges given herein comprise all
subranges therebetween and any combination of ranges and/or subranges therebetween.

{B033] A “rubbery polymer”, as used herein, is an organic polymer containing at least two
carbon-carbon double bonds and a backbone comprising a chain or chains of carbon atoms, or
mixtures thereot. In one embodiment of the invention, rubbery polymer can be at least one member
selected from the group consisting of diene-based elastomers and rubbers. Rubbery polymer can
be any of those that are well known in the art and are described in numerous texts, of which two
exanapies, which are incorporated by reference berein, include natural rubber and butadiene rubber.
[6034] The term rubbery polymer does not exclude that parts of the polymer could be
temporarily or permanently in a partial or complete crysialline state. The terms used 1o this

description are, to the extent possible, the same as presented in the Vanderbilt Rubber Handbook;
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RF Ohm, ed; RT. Vanderbilt Company, Inc., Norwalk, C'T; 1990 and Manual For The Rubber
Industry; T. Kempermann, 8. Koch, J. Sumner, eds.; Bayer AG, Leverkusen, Germany; 1993
{8035} The term primary network refers to a nubbery polymer network that is cross-linked via
vulcamzation by a cross-linker in the cure package.

{B336] The term 1nterpenetrating vetwork refers to the pelymerization of rubber compound
ingredients within the compound without covalent interaction with the primary network.

{0037} The term “modified phloroglucinol” 15 specifically defined herein as meaning a
phloroglucinol that has had one or more of its -OH groups modified from -OH to form some other
group such as an acetate or a butyrate. Thus, a modified phloroglucinol does not include
phloroglucinolic resins, as those resins are known to bind to methylene donor binding sites and
not the -OH groups.

{8038 Some representative non-limiting examples of suitable rubbery polymer, the rubber
component of the composition, include those selected from the group consisting of natural rubber
{NR}, synthetic polvisoprene (IR}, polybutadiene (BR), various copolymers of butadiene, the
various copolymers of isoprene, sclution styrene-butadiene rubber (S8BR), emulsion styrene-
butadiene rubber {(ESBR), ethvlene-propylene terpolymers (EPDM), acryloniinle-butadiene
rubber (NBR} and combinations thereof. It 18 understood that natural rubber {NR) tncludes rubber
from various natural plant sources, including but not limited to, rubber trees, dandelions, guayule,
and so forth.

{0039} Suitable monomers for preparing the rubbery polvmers herein can be selected from the
group consisting of conjugated dienes such as the non-limiting exarples of woprene and 1.3-
butadiene; and suitable vinyl aromatic compounds, such as the non-limiting examples of styrene
and alpha methyl styrene; and combinations thereof. Rubbery polymers can be a sulfur curable
rubber. The diene based elastomers, or rubbers, can be selected, t¢ be at least one of ¢is-1 4-
polyisoprene rubber, including natural rubber and synthetic polyisoprene rubber, and more
specifically natural rubber, emulsion polymerization-prepared styrene/butadiene copolymer
rubber, organic solution polymerization-prepared styrene/butadiene rubber, 3 4-polyisoprene
rubber, 1soprese/buiadiene rubber, styrene/tsoprene/butadiene terpolymer rubber, cis- 1,4-
polybutadiene, medium vinyl polybutadiene rubber (35-50 percent wvinyl), high vinyl

polybutadiene rubber (50-75 percent vioyl),

styrene/isoprene  copolymers,  emuilsion

polymerization-prepared styrene/butadiene/acrylonitrile terpolymer rubber and

9.
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butadiene/acrylonitrile copolymer rubber. Emulsion polymerization-derived styrene/butadiene
rubbers (ESBR) arc also contemplated as dienc-based rubbers for use hercin including those
having a relatively conventional styrene content of 20 to 28 percent bound styrene or, for some
apphications, ESBR’s having a medium to relatively high bound styrene content, namely, a bound
styrene content of 28 1o 45 percent. Hroulsion polymerization-prepared styrene/butadiene/
acryvionitrile terpolymer rubbers containing 2 to 40 weight percent bound acrylonitrile in the
terpolymer are also contemplated as diene-based rubbers for use herein.

18040 The rubbery polymers can also be functionalized rubbers. Functionalized rubbers are
rubbers modified by at least one functional group containing an atom other than carbon or
hydrogen. The functional groups are typically allcoxysiiyl groups, tin-containing groups, amino
groups, hydroxyl groups, carboxylic acid groups, polysiloxane groups, epoxy groups, and the like,
or combinations of these functional groups. The functional groups can be introduced into the
rubbery polymer during the preparation of the synthetic rubber by co-polymerizing the monomers
used to make the rabber with a monomer, initiator, or terimynation unit containing the functional
group.

{6041} Alternatively, the rubber polymers can be modified with the functional group by
grafting the functional group onto the already formed rubbery polymer.

{6042} The functionalized rubbery polymer can be used in combination with other non-
functionalized rubbery polymers. The mixture can contain at least about S to about 95 parts per
hundred parts rubber of at least one styrene-butadiene rubber, which is functionalized with at least
one group selected from phthalocyanino, tin-containing groups, hydroxyl, epoxy, carboxylaie,
amino, alkoxysilyl and sulfido groups, where the styrene content is O to about 12 weight percent,
and froro about 5 o about 95 parts per hundred rubber of at least one further rubbery polymer The
functionalized rubbery polymers {rubber) generally have a glass transition temperature {Tg)
according to DSC of -120 to -10 °C n the unvulcanized state.

{8043} in another embodiment of the invention, rubbery polymer can be a diene polymer
functionalized or modified by an alkoxysilane derivative. Silane-functionalized organic solution
polymerization-prepared styrene-butadiene rubber and silane-functionalized organic solution
polymerization-prepared 1 4-polvbutadiene rubbers may be used. These rubber compositions are
knownu,; see, for exarple, U.S. Patent No. 5,821,290 the entire contents of which are tncorporated

by reference herein.

~10-
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{(3044] in yet another embodiment of the invention, rubbery polymer is a diene polymer
functionalized or modified by a tin dentvative. Tin-coupled copolymers of styrene and butadiene
may be prepared, for example, by introducing a tin coupling agent during the styrene and 1,3-
butadiene monomer copolymerization reaction in an organic solvent solution, usually at or near
the end of the polymenization reaction. Such tin~coupled styrene-butadiene rubbers are well known
to those skilled in the art; see, for example, U.S. Patent No. 5,268 439, the entire contents of which
are incorporated by reference herein. In practice, at least about 50 percent, and preferably from
about 60 to about 85 percent, of the tin is bonded to the butadiene units of the styrene-butadiens
rubbers to create a tin-dienyi bond.

{(3045] Properties of natural rubber (NR) are particularly useful in the manufacture of heavy
vehicle tires, bus tires and truck tires. One important reason for this is due to the combination of
natural rubber’s high content of cis-1, 4-poly isoprene, its large molecular weight, and its ability
to undergo strain-induced crystallization. In one embodiment of the invention, rubbery polymer
comprises natural rubber, or mixtures of natural rubber and synthetic rubbers. Preferably, when
the rubbery polymer is a mixture of rubbers, the rubber recipe should include at least about 10
percent by weight of natural rubber, preferably about 30 percent by weight of natural rubber, more
preferably at least about 50 percent by weight of natural rubber, and still even more preferably at
least about 70 percent by weight of natural rubber.

{(3046] Uncured rubber compositions preferably include a reinforcing filler. Reinforcing fillers
should be materials whose moduli are higher than the rubbery polymer(s) of the rubber
composition and should be capable of absorbing stress when the cured rubber composition is
strained. Reinforcing fillers can be materials that are reactive with the organocsilane coupling
agents and can include fibers, particulates and sheet-hike structures. They can be composed of
inorganic minerals, silicates, silica, clays, ceramics and diatomaceous earth. The reinforcing fillers
that are reactive with organosilane coupling agents can be a discrete particle or group of particles
in the form of aggregates or agglomerates. The organocsifane coupling agent can be reactive with
the surface of the filler. Particulate precipitated silica can be useful as reinforcing filler that s
reactive with the organosilanes coupling agent, particularly when the silica has reactive surface
silanols. The silicas may be provided in a hydrated form or be converted to a hydrated form by
reaction with water. The reinforcing filler can be used 1u the amount of from 1 to 150 parts

reinforcing filler, per 100 parts of the rubbery polymer, more specifically from 25 to 90 parts
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reinforcing filler, per 100 parts of the rubbery polymer, and more specifically from 40 to 80 parts
reintorcing filler, per 100 parts of the rubbery polymer.

{8047} Representative nop-limiting examples of reinforcing fillers that are reactive with
organosilane coupling agents include at least one metalloid oxide or metal oxide such as pyrogenic
stlica, precipitated siica, titamum dioxade, aluminosilicate, alumina and siliceous maternials
including clays and tale and combinations thereof.

{6048} In one or more embodiments herein, the reinforcing filler may be a silica used alone or
in combination with one or more other fillers, e.g., organic and/or inorganic fillers that do not react
with organosilane coupling agents. A representative, non-limiting example is the combination of
silica and carbon black, such as for reinforcing fillers for various rubber products, including the
non-hmiting example of treads for tires. Alumina can be used either alone or in combination with
siitca. The term "alumina" herein refers to aluminum oxide, or Al Use of alumina in rubber
compositions is known; see, for example, U.S. Patent No. 5,116,886 and EP 631 982, the entire
contents of both of which are incorporated by reference herein,

{0349} Reinforcing fillers that are reactive with the organosilane coupling agent may be used
as a carrier for the organosifane coupling agent. Other fillers that can be used as carriers ate non-
reactive with organosilane coupling agents. The nonreactive nature of the fillers is demonstrated
by the ability of organosilane coupling agents to be extracted at greater than 50 percent of the
joaded silane using an organic solvent. The extraction procedure is described in U §. Patent No.
6,005,027, the entire contents of which are incorporated by reference herein. Representative of
non-reactive catniers wnchude, but are not limited to, porous organic polymers and carbon black.
The amount of organosilane coupling agent that can be lcaded on the carrier is preferably between
0.1 and 70 percent and more preferably between 10 and 50 percent, based on the total weight of
the carrier and organosiiane coupling agent.

{0050] In one non-limiting embodiment of the invention, the other fillers that may be mixed
with reinforcing filler that is reactive with the organosilane coupling agent may be essentially inert
to the organosilane coupling agent with which they are admixed as is the case with carbon black
or organic polymers. In another embodiment, at least two reinforcing fillers that are reactive with
organosilane coupling agent can be mixed together and can be reactive therewith. Reinforcing
fillers that possess metalloid hydroxy!l surface functionality, such as silicas and other siliceous

particulates which possess surface silanol functionality, can be used in combination with
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reinforcing fillers containing metal hydroxyl surface functionality, such as alumina and other
siliceous fillers.

{0051} In one embodiment of the invention, precipiiated silica is utilized as reinforcing filler
that is reactive with organosilane coupling agent. In a preferred embodiment of the invention, the
stlica fillers can be characterized by having a Brunauer, Eromett and Teller (BET) surface area, as
measured using nitrogen gas, in the range of from about 40 to about 600 m2/g, preferably in the
range of from about 50 to about 300 wm2/g and roore preferably 1o the range of from about 100 to
about 220 m2/g. The BET method of measuring surface area, described in the Journal of the
American Chemical Society, Volume 60, page 304 {(1930), 1s the method used herein. In vyet
another preferred embodiment, the sifica is typically characterized by having a dibutyiphthalate
{DBP) absorption value in a range of from about 100 to about 350, preferably from about 150 to
about 300 and more preferably from about 200 to about 250, In other embodiments, the reinforcing
filler that 1s reactive with the organosilane coupling agent may be alumina and aluminosilicate
fillers, and possess a CTAB surface area in the range of from about 80 to about 220 m2/g. CTAB
surface area s the external surface area as determined by cety! trimethylammonium bromide with
a pH of about 9; the method for its measurement s described 1o ASTM D 3849,

{06052 Mercury porosity surface area is the specific surface area determined by mercury
porosimetry. In this technique, mercury is penetrated into the pores of the sample after a thermal
freatment to remove volatiles. In a more specific embodiment, set-up conditions use a 100
milligram sample, remove volatiles over 2 hours at 105 °C and ambient atmospheric pressure and
employ a measuring raoge of from ambient to 2000 bars pressure. Such evaluations caun be
performed according to the method described in Winslow, et al. in ASTM bulletin, p.39 {1959} or
according to DIN 66133, for such an evaluation, a CARLO-ERBA Porosimeter 2000 can be used.
Useful reinforcing fillers that are reactive with the silane include silica, which has an average
rercury porosity specific surface area in a range of from about 100 to about 300 m2/g, preferably
from about 150 to about 275 m2/g and more preferably from about 200 to about 250 m2/g.
{8053} Suitable pore size distribution for reinforcing filiers that are reactive with organosilane
coupling agents, nchuding the non-imiting examples of silica, alumina and aluminosilicate,
according to such mercury porosity evaluation, is considered herein to be tive percent or less of its
pores having a diameter of less than 10 nm; from about 60 to about 90 percent of its pores having

a diameter of from 10 to 100 nm; from about 10 to about 30 percent of its pores having a diameter
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of from 100 to 1,000 nm; and, from about 5 to about 20 percent of its pores having a diameter of
greater than 1,000 nm. These reinforcing fillers can normally be expected to have an average
ultimate particie size tn the range of from about 0.005 to about 0.075 mm, preferably of from about
0.01 to about 0.05 mm as determined by electron microscopy, although the particles can be smaller
or larger in average size. Various commuercially available stlicas can be used herein such as those
available trom PPG Industries under the HI-SIL trademark, in particular, HI-SIL 210, and 243;
silicas available from Scolvay, e g, ZEOSIL 1165MP; silicas available from Evonik, e.g., VN2 and
VIN3, etc., and silicas available from Huber, e g, HUBERSIL 8745,

[B054] In one embodiment of the invention, the filler can comprise a reinforcing filler that is
reactive with the organostlane coupling agent in the amount of from about 15 10 about 95 weight
percent precipitated silica, alumina and/or aluminosilicate, preferably silica and, correspondingly,
from about 5 to about 85 weight percent carbon black having a CTAB value in a range of from
about 8C to about 150, more preferably, the filler can comprise from about 60 to about 95 weight
percent of said silica, alumina and/or alurmnosilicate, preferably silica and, correspondingly, from
about 40 to about 50 weight percent of carbon black. The precipitated silica, alumina and/or
aluminostlicate filler and carbon black can be pre-blended or blended together during the
manutacture of the vulcanized rubber. When used, carbon black can be added in amounts ranging
from 0.5 parts to 10 parts carbon black, per 100 parts of the rubbery polymer.

{(3055] Tire tread portions are conventionally formulated with carbon black filler. Carbon
black provides tread portions with exceptional wear resistance, which leads to high mileage, long
fasting tires. When silica 1s used as filler, the dispersion of the silica throughout the rubber matrix
can be reversed to high-friction silica-silica and rubber-silica interactions. This friction can
interfere with tire properties, such as rolling resistance and wear. Adding conventional stlanes to
tire formulations can reduce rolling resistance by limiting internal friction of silica-silica
interactions and immobilizing polymer chains on the silica surface. However, not wishing to be
bound by theory, it is believed that sifane bonding to the rubber chains via sulfur can increase the
irans content of natural rubber, as discussed in 11 Cuneen, Rubber Chenustry and Technology,
vol 33, page 445, 1960; and 1.1 Cuneen and F.W. Shipley, Journal of Polymer Science, vol. 36,
page 77, 1959, This likely adversely affects performance properties such as wear resistance.
Furthermore, severely restricting chain mobility could affect the ability of natural rubber to

undergo stramn-induced crystallization and compromise wear resistance and tear resistance.
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{056} Conventional silanes react directly to polymer chains, and worsen critical properties of
the primary rubber network. Standard amino resin-resorcinol systems can reinforce the primary
polymeric network with an interpenetrating network, but can be trreversibly strained and with
degradation of key properties. Without being bound by theory, it is believed that organosilanes
react to build an wterpenetrating network that renforces the transfer of load from ouve filler to
another, and decreases the friction between filler aggregates. The concentration of thermosetting
wnterpenetrating network at the filler interface attracts the thermoset where strain is least.

{86057} Rolling resistance can be lowered by hydrophobating the silica. Increasing the effective
filler volume promotes wear resistance and tear resistance. Additionally, the load-bearing path
reinforcing interpenetrating network can increase reinforcement and stiffuess of the resulting tread
under static and dynamic deformations.

{0058} This load-bearing-path reinforcing interpenetrating network polymerization is believed
to grow from the reinforcing filler surface, especially silica surface, which has reacted with the
organosilane coupling agents. These orgavosilane coupling agents can function as initiators or ¢o-
mitiators during the rubber mixing and/or curing process. The resulting load-bearing path
rewnforcing interpenetrating vetwork may create additional poiots of physical and chemical chan
entanglerents for the rubber phase within the mmediate surrounding of fillers. These
entanglements, along with the resulting interpenetrating polymeric network and the silica, are
believed 10 create a hierarchical structure whose modulus gradient is useful for load transfer from
the rubbery polymer chains to the silica during static and dynamic deformation, thereby enhancing
tear and wear tesistance and reducing abrasion. The ioterpenetrating polymer network
polymerization from the filler surface can lead to the creation of a network structure on the filler
surface and increases the effective filler volume. This network structare and effective filler volume
result in additional reinforcement, which is also helptul for improved wear resistance.

{6059] Without being bound by theory, it is believed that such polymeric networks are formed
from the reinforcing interpenstrating polymer network, methylene donor compounds and modified
phloroglucinol. As a skilled person understands, a load-bearing path interpenctrating network can
also be referred 10 as a secondary network. Without being bound by theory, a secondary network
refers to two discrete polymer networks that are not distinguishable on a macroscale. A load-
bearing-path reinforcing interpenetrating network of the present 1uveuntion is formed from the

polymer, the methylene donor compound and a modified phloroglucinol that includes, but are not
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necessarily limited to, phloroglucinol mono-acetate, phioroglucinol di-acetate, or phloroglucinol
tri-acetate, phloroglucinol mono-butyrate, phloroglucinol di-butyrate, or phloroglucinol ri-
butyrate,and combinations thereof,

[8060] In one embodiment of the invention, methylene donor compounds are amino resing
selected  from  the group consisting of  hexamethoxymethylwelanune  (HMMM)  and
hexamethylenetatramine (HMT). Gther amino resins can be resins formed from the reaction of -
NH contaimng compounds, formaldebyde and alcohol More preferably, the aminoe resins are
derived from 24 0-triamino- 1,3, 5-triazine, benzoguanamine, urea, glycoluril  and
poly{methjacrylamide.

{6061} Methylene donor compounds can be used tn the amount of 0.1 to 30 parts methylene
donor compounds, per 100 parts of rubbery polymer, more specifically from 0.2 to 15 parts
methylene donor compounds, per 100 parts of rubbery polvimer, and even more specifically from
0.3 to 10 parts methvlene donor compounds, per 100 parts of rubbery polymer.

{80362} Represevtative and non-limiting examples of the methylene donor compounds, are
hexamethoxymethyimelamine (HMMM), hexamethylenetetramine (HMT), 1,1,33-tetra-
methoxymethyvlurea, 1,3 3~ris-methoxymethylurea,  1,3-bis-  methoxymethyiurea, 1,1-bis-
methoxymethyviurea, 1,1,3,3-tetra-ethoxymethylurea, 1,3,3-tris- ethoxymethy lurea, 1,3 -bis-
ethoxymethylurea, 1, 1 -bis-ethoxymethy lurea, 1, 1,3 3 -tetra- propoxymethylurea, 1,3 3-tris-
propoxymethylurea, 13-bis-propoxvmethyiurea, 1,1-bis- propoxymethylurea, 1,1,3 )3 -tetra-
butoxymethy lurea, |.1,3 3-tetra-phenoxymethylurea, N-{1,3 3~ tris-ethoxymethylureidomethyl}-
1, 1.3.3 -tetra~ethoxymethy forea, N, N <bis~( 1, 1 3 ~tris- cthoxymethylureidoroethyl)- 1,3 -
bis-ethoxymethylurea, N, N” -bis-{ 1, 1 3 -tris- ethoxymethylureido-methoxymethyl)- 1,3 -bis-
ethoxymethy lurea, NN, N N' N” N”-hexakis- methoxymethyl-{l, 3, 5ltriazine-2, 4, 6-triaming,
NN NN N -pentakis-methoxymethyl- {1 3 Shriazine-2, 4 6-triamine, N NN N"-tetrakis-
methoxymethyl-[1 | 3, Sltriazine-2, 4, 6-triamine, N, NN, N' N7 N”-hexakis-ethoxymethyl-{l, 3,
Shriazine-2, 4, 6-triamine, NN, N' N N”-pentakis- ethoxymethyl-[1 |3 ,S|triazine-2, 4,6-triamine,
NN N N"-tetrakis-ethoxymethyi-{l 3, 5Hnazine- 2, 4, O-triamine, N NN N, N N”-hexakis-
propoxymethyi-{l, 3, Shrazine-2, 4, 6-triaming N N, N' NI, N”-pesntakis-propoxymethyl-{i, 3,
Sitriazine-2, 4, 6-triamine, N, NN N"-tetrakis-propoxymethyi-[l, 3, 5itriazine-2, 4, 6-triamine,
NN NUNT N7-hexakis-phenoxymethyl- {13 Sliriazine-2, 4,6-triamine, NN, N, N N”-

pentakis-phenoxymethyl-{l | 3, Sitriazine-2, 4 6- triamine, N N N', N"-tetrakis-phenoxymethyi-{1,
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Shriazine-2, 4, oO-triamine, 134.0-tetrakis- methoxymethyl-tetrahydro-imidarzof4,5-
dlimidazole-2,5-dione, 1 3,4, 6-tetrakis-ethoxymethyl- tetrahydro-imidazol4,5-Jimidazole-2 5-
dione, 1,3.4,6-tetrakis-propoxymethyl-tetrahydro~ imidazo{4,5-dlimidazole-2,5-dione, 13,4.6-
tetrakis-phenoxymethyl-tetrahydro-imidazof4,5- d  ijmidazole-2, S-dione, 1 3 4-tris-
ethoxymethyi-tetrahydro-unidazo  [4,5-d] bwdazole-2, 5 -dione, 1 . 4-bis-ethoxymethyl-
tetrahvdro-imidazof4,5-djimidazole-2,5-dione, I 3.4 -tris-methoxymethyl-  tetrahydro-
imidazo{4,S-dimidazole-2 S-dione and 1 3 4 -tns-phenoxymethyl-tetrahydro- ymidazo {4,5-
dlinidazole-2,5 -dione.

{3063} Methvlene donor compounds can be obtained commercially. For example, amino resing
such as hexamethoxymethyimelamine (HMMM) and hexamethylenetatramine (HMT) can be
commercially purchased from PERFERE, formally INEOS Melamine GmbH, under the
tradenames, RESIMENE® 747 ULF, RESIMENE®735, RESIMENE®737, RESIMENER 764,
RESIMENE® CE 8824 ULF and MAPRENAL® UF 134/60B. Surprisingly, it has been found
that the hardness of the rubber composition containing both HMMM and modified phloroglucingl
has been found to sigmficantly increase.

{6064} HMMM will generally attach kivetically to the 2 4, and/or 6 positions of the benzene
ring of the pbloroglucinol mono- di, or tri-acetate or butyrate to form a methylene bridge. However,
because there may be some steric hinderance related to the acetate or butyrate group and
particularly the CH3 group thereon, it is possible that some of the HMMM will attach to various
acetate or butyrate groups due to steric hindrance. Where this happens, a dimer may form.
However, based upon our test results, there are very few dimers created for acetate, but not enough
testing has been completed to determine that what dimers are created for butyrate.

[B065] In one wstance, the organosilane coupling agents have the general Formula (IV}:

(R*0)a(R>)3..SH{RXH)
(V)
where each R2 1s independently hydrogen, an alkyl group having from 1 to 10 carbon atorms and
optionally at least one oxygen atom, a cycloalkyl group having from 3 to 10 carbon atorus, an
alkenyl group having from 2 to 10 carbon atoms, an aryl group having from 6 to 12 carbon atoms
or an aralkyl group having fromw 7 to 12 carbon atoms, more preferably an alkyl group having from

1 to 3 carbon atoms and even more preferably ethyi; each R3 is independently an alkyl group
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having from 1 to 3 carbon atoms or phenyl; R4 19 an alkylense group having from 1 to 10 carbon
atoms and optionally at least one oxygen atom, a cycloalkylene group having from 3 to 10 carbon
atoms, an alkenylene group having from 2 to 10 carbon atoms, an arylene group having from 6 to
{2 carbon atoms, an aralkvlene group having from 7 to 14 carbon atoms, more preferably an
alkylene group having fror 1 to 6 carbon atoms, and even more preferably. a propylene; X is one
or more sulfur atoms, preferably between | and 10, and even more preferably between 1.

{0066} Representative an non-limiting examples of silane contain a functional group of
Formula (1V} include 3-mercaptopropylirimethoxysilane, 3-merecaptopropyliriethoxysilane, 3-
mercaptopropyltripropoxy silane, 3 ~-mercaptopropy ldimethoxy ethoxy silane, 3 — mercaptopropyl
methyldiethoxysilane, 3-mercaptopropyldimethylethoxysilane, mercaptomethyltriethoxysilane, 4-
mercapto-3, 3-dimethyibutyltricthoxysilane, 3- mercaptopropylethoxy-{l,3,2}dioxasilinane, 3 -
mercaptopropy -3 -hy  droxy-Z-methylpropoxy)}5 - methyl-{l 3,2]dioxasilinane, 6-
mercaptohexyltriethoxysilane, 3-aminopropyltriethoxysilane, N- ethyl-3-aminopropyl
iriethoxysilane, N-methyl-3-aminopropyltriethoxysitane, N-ethyl-3,3- dimethy 1-4-aminobuty
ftriethoxy silane, n-phenyl-3 -aminopropy ltriethoxy silane, 3 - ureidopropyitriethoxy silane, 3 -
urerdopropyltrimethoxy silane and mixtures thereof.

{8067} The silane coupling agent 1o formula (1V) can be used in the amounts of from 0.05 to
30 parts mercaptosilane coupling agent, per 100 parts of the rubbery polvmer, more specifically,
from 0.5 10 15 parts mercaptosifane coupling agent, per 100 parts rubbery polymer, and even more
specifically from 1 to 10 parts mercaptosilane coupling agent, per 100 parts of the rubbery polymer.
{B8068] Organosilanes of formula (Tay can be obtained commercially, For example,
mercaptosilane coupling agent can be commercially purchased from Momentive Performance
Materials, Inc, under the tradenames, $1263, Usi-3301, Silquest A-189, Z-6062, KBM-R03,
MTMO, GENIOSIL®GEF 70, and § 810.

{6069] In another instance, the organosilane coupling agents are 3 silane that have the general

Formula (V)

(RAO)R5:SHRIX RISHR3..(R*O)
(V)
where each R2 13 independently hydrogen, an alky! group having from 1 to 10 carbon atoms and

optionally at least one oxygen atom, a cyclealky! group having from 3 to 10 carbon atoms, an
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alkenvi group having from 2 to 10 carbon atoms, an aryl group having from 6 to 12 carbon atoms
or an aralkyl group having from 7 to 12 carbon atoms, more preferably an alkyl group having from
I to 3 carbon atoms and even more preferably ethyi; each R3 is independently an alkyt group
having from 1 to 3 carbon atoms or phenyl; R4 is an alkylene group having from 1 to 10 carbon
atorgs and optionally at least one oxygen atom, a cycloalkylene group having from 3 to 10 catbon
atoms, an alkenylene group having from 2 to 10 carbon atoms, an arylene group having from 6 to
12 carbon atoms, an arallylene group baving from 7 to 14 carbon atoros, more preferably an
alkylene group having from 1 to 6 carbon atoms, and even more preferably, a propylene; X is ong
or more sulfur atoms, preferably between 2 and 10, and even more preferably between 2 and 4 on
average.

{B6G70] Representative an non-limiting examples of silane contain a functional group of

Formula (V} include bis{tripropoxysilylpropyl tetrasulfide; bis(triethoxysilyipropy! tetrasulfide;

bis(trimethoxysilylethyljtetrasuifide; bis(trimethoxymethyl itetrasuifide;
bis{tripropoxysilylpropylidisulfane; bis{triethoxysilylethyljtetrasuifide;
bis(triethoxysilylmethyltetrasulfide; Bis{3-triethoxysilylpropylidisulfane; Bis[3-
{(tricthoxysilylypropyl}-disulfide; bisf3-{inethoxysiiyhpropyl] persutfide; 3,37-Bis-

(triethoxysilylpropyl) disulfide; Bis[3-{triethoxysilyhpropyli perdisulfide; bis{tnethoxysilyl}-4,5-

dithicoctane; bis(tripropoxysilylpropyldisulfide; bis{triethoxysilylpropylidisultide;
bis{trimethoxysilylethylidisuifide; bis{triethoxysilylethyhdisulfide; and

bis{(triethoxysilvimethyldisulfide.

{8071} The silane coupling agent 10 formula (V) can be used w the amounts of from 0.05 to
30 parts organosilane coupling agent, per 100 parts of the rubbery polymer, more specifically,
from 0.5 to 1S parts organosilane coupling agent, per 100 parts rubbery polymer, and even more
specitically from 1 to 16 parts organosilane coupling agent, per 100 parts of the rubbery
polymer.

{8072} Organosilanes of formula (V) with X1 representing four sulfurs on average can be
obtained comumercially. For example, Si6% coupling agent can be commercially purchased from
Evonik. Crosile 69 TESPT can be purchased from Guangzhou Ecopower. 26940 can be
purchased from Owen Corning Corporation. A-1289 can be purchased from Momentive
Performance Materials, Inc. KBE-846 can be purchased from Shin-Eisu Co. Also, organosilanes

of the formula (V) can be purchased under tradenames St 75, HP 1589, JH-875, TESPD for X1
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{6673} (Generally, the di-substituted methylene bridge is linked to at feast two C1 to C10 alkyl
groups extending from the methylene bridge. In another embodiment, the methylene bridge
includes at least two C1 to C5 alkyl groups extending therefrom. In vet another embodiment, the
methylene bridge includes at least two C1 to C4 atky] groups extending theretrom. In stilf another
embodiment, the methylene bridge includes at least two C1 to C3 alkyl groups extending therefrom.
{n yet a further embodiment, the methylene bridge includes at least two C1 to C2 alkyl groups
extending theretrom.

18074} More particularly,  the modified phloroglucinol of the present invention may be

described as shown in Formulas (I}, (I}, or (i),
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{8075} Iu other words, the modified phloroglucinol may be selected from the group consisting of
mono-substituted, di-substituted, or tri-substituted phloroglucinol acetate or combinations thereof
Such modified phloroglucinol can be used in the amounts of from 0.1 to 15 parts modified
phloroglucinol, per 100 parts of the rubbery polymer, more specifically, from 0.5 to 10 parts
modified phloroglucinol, per 100 paris rubbery polymer, and even more specifically fromm 1 to 3

parts modified phloroglucinol, per 100 parts of the rubbery polymer.
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{#076] Aliernatively, the modified phloroglucinol may be selected from the group consisting of
mono-substituted, di-substituted, or tri-substituted phloroglucinol butyrate or combinations thereof
Such moditied pbloroglucinol can be used in the amounts of from 0.1 to 15 parts modified
phloroglucinol, per 100 parts of the rubbery polymer, more specifically, from 0.5 to 10 parts
modified phloroglucinol, per 100 parts rubbery polymer, and even more specifically from 1 o 8
parts moditied phloroglucinol, per 100 parts of the rubbery polymer.

{6077} A sulfur-donating compound may also be incorporated 1uto the rubber composition. The
sulfur-donating compound can be used to crosslink the rubbery polymer to form a crosslinked
primary network. Without wishing to be bound by theory, the sulfur-donating compound is
believed to donate sulfur atoms under curing conditions. The sulfur-donating compound generally
has more than two sultur atoms bonded together to form a chain of sulfur atoms. Polysulfides and
elemental sulfur are sulfur-donating compounds, preferably sulfur, Sz

{8078} Vulcanization can be conducted in the presence of sulfur-donating compound, often
referred to as a vulcanizing agent. It reacts with the rubbery polyrer countaining carbon- carbon
double bonds to form a crosslinked, or cured, rubber. Some non-limiting examples of suitable
suifur vulcanizing agents include, e.g., elemental sulfur (free sulfur) or sulfur-donating compound
such as the non-limiting examples of amino disulfide, polymeric poly sulfide or sulfur-olefin
adducts. These and other known and conventional vulcanizing agents are added in the usual
amounts during a mixing step referred to as a productive mixing step in the process for preparing
rubber compositions.

{6079] The sulfur-donating compounds are generally used at about 0.1 to about § phr, more
preferably from about 1 to about 3 phr, and even more preferably from about 1.5 to about 2.5 phr.
{(080] The rubber compositions can be compounded with other commonly used additive
materials such as, e g., retarders and accelerators, processing additives such as otls, resins such as
tackifving resins, plasticizers, pigments, fatty acid, zinc oxide, waxes, antioxidants and
antiozonants, peptizing agents, and the like. Depending on the intended use of the rubber
composttions, these and/or other rubber additives are used in conventional amounts.

{B081] Vulcanization accelerators can also be used if desired. Non-limiting examples of
vulcanization accelerators include benzothiazole, alkyl thiuram disulfide, guanmidine derivatives
and thiocarbamates. Other examples of such accelerators include, but are not limited to, mercapto

benzothiazole, tetramethyl thiuram disulfide tetrabenzy! thiuram disuifide, benzothiazole
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disutfide, diphenylguanidine, zinc dithiocarbamate, atkylphenoidisulfide, zinc butyl xanthate, N-
dicyclohexyl-2-benzothiazolesulfenamide,  N-cyclohexyl-2-benzothiazolesulfenamide,  N-
oxydiethylenebenzothiazole-2-sulfenamide, N N~ diphenylthicurea, dithiocarbamylsulfenamide,
N N-ditsopropylbenzothiozole-2-sulfenamide,  zinc-Z-mercaptotoluimidazole,  dithiobis(N-
methylpiperazine), dithiobis{N-beta-hydroxy ethyl piperazine) and dithiobis{dibenzyl amine). In
another embodiment, other additional sulfur donors include, eg. thiuram and morpholine
dertvatives. In a more specific embodiment, representative of such donors include, but are not
limited to, dimorpholine disulfide, dimorpholine tetrasulfide, tetramethyl thiuram tetrasulfide,
benzothiazyl- 2 N-dithiomorpholide, thioplasts, dipentamethylencthiuram  hexasulfide and
disulfidecaprolactam.

{6082] Accelerators may be used to control the time and/or temperature required for
vulcanization and to improve the properties of the valcanizate. In one embodiment of the invention,
a single accelerator system can be used, e, a primary accelerator. In another embodiment,
conventionally and preferably, a primary accelerator(s) is used wn total arvounts ranging from about
0.5 to about 4 phr, and preferably from about 0.8 to about 2.0 phr. In a preferred embodiment,
combinations of a primary and a secondary accelerator can be used with the secondary accelerator
being used in smaller amounts, e.g., from about 0.05 to about 3 phr in order to activate and to
improve the properties of the vulcanizate. In yet another embodiment, delayed action accelerators
can also be used. In still another embodiment, vulcanization retarders can also be used. Suitable
types of accelerators are those such as the non-limiting examples of amines, disulfides, guanidines,
thioureas, thiazoles, thiurams, sulfenamides, dithiocarbamates, xanthates and combinations
thereof. In a preferred embodiment, the primary accelerator is a sulfenamide. In ancther
embodiment, it a second accelerator is used, the secondary accelerator can be a guamdine,
dithiocarbamate or thivram compound, such as for example tetrabenzy! thiuram disulfide used at
fevels from about 0.1 to about 0.3 phr, more preferably about 0.2 phr.

{8083 Optional tackifier resins can be used at levels of from about 0.5 to about 10 phr and
preferably from about 1 to about 5 phr. In a preferred embodiment, the amounts of processing aids
range from about 1 to about 50 phr. Suitable processing aids can tnclude, as non-himiting examples,
aromatic, naphthenic and/or paraffinic processing otls and combinations thereof. In yet another
embodiment, preferred amounts of antioxidants are from about 1 to about 5 phr. Representative

antioxidants include, as non-limiting examples, diphenyl-p-phenylenediamine and others, e.g,
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those disclosed in the Vanderbilt Rubber Handbook (1978}, pages 344-346, which ts incorporated
by reference herein. In yet another embodiment, preferred amounts of antiozonants range from
about 1 to about S phr. Preferred amounts of optional fatty acids, which can include the non-
Hraiting example of stearic acid, range from about 0.5 to about 3 phr.
{0084] Preferred amounts of zine oxide range from about 2 to about S phr. Preferred amouuts
of waxes, e.g., microcrystalline wax, range from about 1 to about 5 phr. Preferred amounts of
peptizers range from about 0.1 to about 1 phr. Suttable peptizers include, as non-limiting examples,
pentachlorothiophenol, dibenzamidodipheny! disulfide and combinations thereof.
[B085] In one embodiment of the invention, the rubber compositions contain both a moditied
phloroglucinol and hexamethoxymethylmelamine, and the rubber composition preferably
comprises (a) at least one rubbery polymer used to torm a primary network, (b) at least one
reinforcing filler that is capable of reacting with the organosilane coupling agent; {(c) at least one
methylene donor compound (which 1s the hexamethoxymethvlmelamine); (d) at least one
organosilane coupling agent that can be reacted with the reinforcing filler; {e) at least modified
phloroglucinol selected from the group consisting of phloroglucinol monocacetate, phloroglucinol
diacetate, phloroglucingl trnacetate, phlorogiucinol mono-butyrate, phloroglucinol di-butyrate,
phioroglucinol tri-butyrate and combinations of each of the mono-, di- and tri- species; and () at
least one sulfur-donating compound, especially sulfur {8z) or at least one sulfur-donating
compound, especially sulfur {Sg). The rubbery polymer may comprise one or more rubber
components in which the rubber components add up to about 100 phr {parts per hundred rubber).
In one ermobodiment of the vention, natural rubber should be about SO to 100 phr of the primary
polymer blend portion of the rubber composition, preferably about 75 to 100 phr. The reinforcing
filler may comprise about 1 to about 150 phr of the rubber composition, preferably from about 15
to 90 phr, more preferably from about 20 to 55 phr.
{6036] Thus, 1n one or more embodiments, the rubber composition comprises:

(a} a rubbery polymer or blend of polymers;

(b) at least one organosilane coupling agent;

(¢} at feast one reinforcing filler that is reactive with the organosilane coupling agent;

{d}) at least one methylene donor compound;
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() at least one modified phloroglucinol selected from the group consisting of
phlorgluncinol  monoacetate, phloroglucinel  diacetate,  phloroglucinel  triacetate,  and
phioroglucinol butyrate, and

() optionally, at least one a sulfur-donating compound.

{6087] In another embodiment, the rubber composition comprises the rubbery component in
an amount of from about 25 to about 95 weight percent based on the total weight of the rubber
composition, the remnforcing filler that is reactive with the organosilane coupling agent in an
amount of from about 2 to about 70 weight percent based on the total weight of rubber composition,
the methylene donor compound 1n the amount of from about 0.2 to about 25 weight percent based
on the total weight of the rubber composition, the modified phloroglucinol in the amount of from
about 0.2 to about 25 weight percent based on the total weight of the rubber composition and the
amount of the sulfur-donating compound in an amount of from about 0.2 to about 3 weight percent
based on the total.

{3088} In the cured rubber composition, the prirnary polyrueric network is cured to form a
crosslinked rubber polymer or crosslinked blend of polymers by subjecting the rubber composition
to an elevated temperature for a time sufficient to react the rubber polymer or blend or rubber
polymers {a) with the at least one sulfur-donating compound.

[8089] In another embodiment of the invention, the process for providing the rubber
compositions described herein involves the mixing the at east one reinforcing filler, the at least
one methylene donor compound, the at least one organosilane coupling agent, the at least one
modified phloroglucinol, and optionally, the at Jeast one sulfur donating compound with a rubbery
component, such as natural rubber, in effective amounts. In one embodiment of a process in
accordance with the invention, an effective amount of organosilane coupling agent can range from
about 0.2 to about 20, preferably from about 0.5 to about 15 and more preferably from about 2 to
about 10, weight percent based on the total weight of rubber composition. An effective amount of
rubbery compounent can range from about 25 to about 95, preferably from about 50 to about 90 and
more preferably from about 60 to about 80, weight percent based on the total weight of the rubber
composition. An effective amount of the retnforcing filler that is reactive with the organosilane
coupling agent can range from about 2 to about 70, preferably from about 5 to about 55 and more
preferably from about 20 to about 50, weight percent based oun the total weight of rubber

composition. An effective amount of the methvlene donor compound can range from about 0.2 to
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about 25 weight percent, preferably from about 2 to about 15 weight percent and more preferably
from about 5 to about 10, weight percent based on the total weight of the rubber composition. An
effective amount of the active modified phloroglucinol can range from about 0.2 to about 23 weight
percent, preferably from about 2 to about 15 weight percent and more preferably from about 5 to
about 10, weight percent based on the total weight of the rubber composition. Au effective arsount
of the sulfur-donating compound can range from about 0.2 to about 5, preferably from about 0.5
to about 2.5 and more preferably from about 1 to about 2, weight percent based on the total weight
of the rubber composition.

[3096] In ancther embodiment of the invention, the process for preparing a rubber composition
can optionally comprise curing the rubber composition, before, during and/or after molding the
rubber composition. A vulcanized rubber composition should contain a sufficient amount of the
foad-bearing-path reinforcing interpenetrating network to contribute to 3 higher modulus and better
wear.

[B091] In one embodiment of the invention, the organosilane coupling agent is added
separately to the process mixture containing rubbery polymer component. Reinforcing filler and
organosiane coupling agent can be cousidered to couple or react i situ to form a reinforcing filler
tn which the organosilane coupling agent is chemically bonded to the filler.

[6092] In one embodiment of the invention, the process for preparing the rubber compositions
comprise multiple steps. In the non~productive step (i}, the rubbery component, reinforcing filler,
and organosiiane are mixed under reactive-mechanical-working conditions. As used herein, the
expression "teactive-mechanical-working conditions” shall be understood to mean the conditions
of elevated temperature, residence time and shear prevailing within a mechanical-working
apparatus, such as an exiruder, jutermeshing mixer, or tangential mixer, such conditions being
sufficient to bring about one or more of the following.

{6693} The reactive process of hydrolysis of organosilane coupling agent with water, which is
present on the reinforcing filler, may form stlanols. The reactive process of these silanols with
reinforeing filler may form covalent chemical bonds with the filler. There may be a breakdown of
reinforcing filler agglomerates into smaller aggregates and/or individual filier particles. Upon
dispersion into the rubbery polymer, the reinforcing filler may be covalently bonded to hydrolyzed

and subsequently condensed silane.
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{(094] in the non-productive step (i1}, the methylene donor compound and the modified
phloroglucinol are added to the muxture of step (1), In the non-productive step (i), components all
the components {except sulfur donating compound 1n this embodiment) are mixed under reactive-
mechanical-working conditions, where the conditions of elevated temperature, residence timne and
shear prevailing within a4 mechanical-working apparatus, such as an extruder, intermeshing mixer,
or tangential mixer, such conditions being sufficient to bring about one or more of the following,
namely, the dispersion into the miuxture of the rubbery polymer, reinforcing filler covalently
bonded to hydrolyzed and subsequently condensed, organosilane coupling agent of step (i)
methylene donor and modified phloroglucinol;, and/or the reaction of the reinforcing filler
covalently bonded to hydrolyzed and subsequently condensed organosilane coupling agent with
the methylene donor and the phloroglucinol resin; and/or optionally, the reaction of methylene
donor with the phioroglhucinol resin to form the load-bearing-path reinforcing interpenetrating
network dispersed within the primary network and provide for uncured rubber composition.
[B095] If either the methylene donor or the modified phloroglucinol are not added 1u step (1),
then the missing ingredient can be added in a second non-productive mixing step {(ii).

{8096} In the productive step (i1}, the sulfur-donating compound {f) 13 added to the mixture of
step {1},

{6097} In any of steps (1), (11) or (ii1), other components can be added to the rubber composition.
Representative and non-limtting examples of other components include activators, processing aids,
accelerators, waxes, oils, anti-ozonants and anti-oxidants.

{0098} The rubber composition 18 typically mixed 1n a mixing apparatus under high shear
conditions where it autogencusly heats up as a result of the mixing, primarily due to shear and
assoctated friction oceurring within the rubber mixiture.

{6099 In a preferred embodiment of the invention, the mixture of the desired amounts of the
rubbery polymer, the reinforcing filler, the methylene donor compound and the organosilane
coupling agent of step (i} is substantially homogeneously blended under reactive-mechanical-
working conditions in mixing step {1} carried out on a continucus Or nor-continuous basis. Non-
continuous mixing can be employed where a build-up of excessive heat might occur and the rubber
composition may need to be cooled. Cooling of the rubber will avoid or minimize thermal

decomposition of rubbery polymer componeni(s) or other compovents in the rubber composition.
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Preferably, mixing step {i}is conducted at temperatures from 100 °C to 200 °C and more preferably
from 140 °C to 180 °C.

{80100]  In step (it1), at least one sulfur-donating compound (£} along with other vulcanization
accelerators, can be mixed with the rubber composition from step (i), Mixing should be
accomplished under non-reactive-mechanical-working conditions. As used herein, the expression
"non-reactive-mechanical-working” conditions shall be understood to mean the conditions of sub-
ambient, ambient or slightly elevated temperature, residence tune and shear prevailing withio a
mechanical-working apparatus, such as an extruder, intermeshing mixer, tangential mixer, or roll
mill, such conditions being sutficient to bring about dispersion of the sulfur-donating compound,
e.g. vulcanizing agent, and vulcanization accelerators into the rubber composition of step (i}
without resulting in any appreciable vulcanization of the rubber compostition. Low temperatures
and low shear are advantageously employed in step (i11).

{80161}  In step (i1}, residence time can vary considerably and is generally chosen to complete
the dispersion of the vulcanizing agent. Residence times in most cases can range from 0.5 to 30
minutes and preferably from 5 to 20 minutes.

{60162] The temperature emploved in step (111} can range from 5 °C to 156 °C, preferably from
30 °C to 120 °C and more preferably from 50 °C to 110 “C. These teruperatures are lower than
those utilized for reactive-mechanical-working conditions in order to prevent or inhibit premature
curing of the sulfur-curable rubber, sometimes referred to as scorching of the rubber composition,
which might take place at higher temperatures.

{80163] The rubber composition may be allowed to cool, e.g., during or after step (i) or
between step (1) and step {11} or between step (i1} and step (ii1), to a temperature of 50 °C or less.
{B0184]  In another embodiment of the invention, when it is desired to mold and to cure the
rubber composition, the rubber composition is placed in the desired mold and heated to at least
about 130 °C and up to about 200 °C for a time of from 1 to 60 minutes to bring about the
vulcanization of the rubber,

{00105] Rubber compositions preferred for forming tire tread portions in accordance with
preferred embodiments of the invention comprise (a) a rubbery primary polymer or biend of
polymers, (b) reinforcing silica filler particles, {¢} an methylene donor compound, {d} a

organosiane coupling agent which can react with the reinforcing filler and/or () an active
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compound, namely, at feast one modified phloroglucinol, in which compaonents (b), {c}, {d) and (e}
contribute to the aforementioned load-beaning-path reinforcing interpenetrating network.

{801086] The rubber composition herein can be used for various purposes. In one embodiment
of the invention, there ts provided an article of which at least one component 1s the herein described
cured rubber composition. In another embodiment herein, there i3 provided a tire at least one
component of which, e.g., the tread, is the herein described cured rubber composition.

[B0167]  In yet another preferred embodiment, for exarople, the rubber composition can be used
for the manufacture of such articles as shoe soles, hoses, seals, cable jackets, gaskeis and other
industrial goods. Such articles can be built, shaped, molded and cured by various known and
conventional methods as is readily apparent to those skilled in the art. In particular, the
compositions and methods in accordance with the invention are particularly well sutted for the

manufacture of tires, in particular, truck or bus tires.

EXAMPLES
[B0108] In order to demonstrate the practice of the present invention, the following examples
have been prepared and tested. The examples should not, however, be viewed as limiting the scope
of the invention. The claims will serve to define the mvention.

Modified Phioroglucinol - Examples 1 and 2.

{80109] Under the N2 atmosphere, 50.0 g of phioroglucinol, 121.0 g of acetic anhydride for
Example 1 and 121.0 g of butynic anhydride for Example 2, and .25 g of pynidine, were charged

oo

to a flask and heated to 100 °C. The reaction mixture was maintained at about 100°C for 1 hours.
Solvent was then removed by vacuum distillation to 160 °C. When a temperature of 160 °C was
reached, the vacuum was released and the liquid was discharged from the flask After the cooling,
74.9 g phloroglucinol triacetate white crystal was obtained. The purity is confirmed by LC and
NMR.

{601108] Rubber compounds containing the phloroglucinol triacetate (Example 1), the
phlorogluciool butyrate (Hxample 2), and other control example s prepared with the usual rotang

method which is well known. Rubber compositions are shown in TABLE 1. More particularly, in
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a first mixing, natural rubber, silica and/or carbon black (N121}, a rubber processing oil (TDAE
Oil), and silane (5169) are mixed. To that first nuxing, carbon black, N-(1,3-dimethylbutyl)}-N'-
phenyl-p-phenvienediamine (6PPD) {(an astioxidant), 2,2 4-trimethyl~1,2-dihydroquinoline
(TM@), a microcrystalline wax, zinc oxide, stearic acid, and where applicable, either a
phloroglucinol acetone resin (for the cormparison) or a phloroglucinol acetate (for Example 1 of
the present invention) or a phloroglucinol butyrate (for Example 2 of the present invention), are
mixed with the first yopang to provide a second mixng. To that second nuxing,
hexamethoxymethylmelamine (HMMM) may be added as a third mixing. And finally, sulfur,
together with N-Cyclohexyl-2-benzothiazolesulfenamide (CBS) and Diphenylguanidine (DPG), 18
added.

{60111} For comparison, natural rubber carbon black-based rubber compositions and a rubber
composition containing the comparative phloroglucinel acetone resin were then tested as against
the rubber compositions of the present invention containing phicroglucinol acetate (Example 1} or
phloroglucinol butyrate (Example 2) as set torth in TABLE 1.

{66112)  The resultant rubber performance based upon the preparation of a vulcanized rubber as
set forth below 1s also provided in TABLE 2. 1t will be appreciated that T°90 was roeasured with
the Alpha Technologies MR Rheometer (MIDR2000) at 150°C, 0.5° arc and 1.0 Hz according to
ASTM D-5289. The rubber compounds were cured at 150 °C, 10 tons pressure, according to
parameters obtained from the MDRZ2000 rheometric test data. &7 and tan 6, an indicator of
compound hysteresis or heat build-up, was measured with a TA Instruments theometer (ARES) at
2.0% torsional shear strain at 1Hz and 60°C and was measured shore A Hardness according to

ASTM D-2240.

{60113] TABLE | -~ Composition of Examples 1-3.
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Mixer volume 1870 TESPT TESPT TESPT
CARBON {EX. 1) {EX. 2}
Material Description | BLACK POLESS | PG-Acetate | PG Butyrats
1st
Natural Rubber 100.0 100.0 100.0 100.0
Silica 7000GR 8.0 &50.0 50.0 50.0
Carbon Black 30.0 5.0 50 5.0
N121
TADE Qi 1.0 1.0 1.0 1.0
Si6Y 0.0 4.0 4.0 4.0
MB1 Total 131.0 1680.0 160.0 1680.0
and
1st compound 131.0 160.0 160.0 1680.0
Carbon Black 2590 50 5.0 5.0
N121
ePPD 2.0 2.0 2.0 2.0
TMQ 0.5 5 0.5 0.5
Microcrystalline 1.3 1.3 1.3 1.3
Wax
ZnQ 3.0 3. 3.0 3.0
Stearic Acid 2.0 2.0 2.0 2.0
Phioroglucinol 0.0 3.0 0.0 0.0
Acetone Reasin
Phioroghucing! .0 0.¢ 3.0 0.0
Acetate
Phioroglucingt 0.0 0.0 0.0 3.0
Bulyrate
MB2 Total 164.8 176.8 176.8 176.8
Jrd
Z2nd compound 164.8 176.8 176.8 176.8
PDL593 0.0 0.0 0.0 0.0
HMMM .0 2.0 2.0 2.0
MEB3 Total 164.8 178.8 178.8 178.8
4th
4th compound 1684.8 178.8 178.8 178.8
Sulfur 1.8 1.8 1.6 1.6
GBS 0.6 2.0 2.0 2.0
DPG 0.4 0.4 0.4 0.4
MB4 Total 167.4 182.8 182.8 182.8
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{60114] TABLE 2 — Comparison of Properties of Examples 1-3

G PG

CARBON PDL593 / | ACETATE/ | BUTYRATE/

BLACK HMIMM HMMM HMMM
Hardness 65 62 66 63
50% MOD 1.7 1.9 2.1 1.95
300% MOD 17 22 22 17.2
Elongation 494 434 405 507
tand 60C (2
radians) 0.17 0.06 (.06 (.085
Mooney Viscosity 23 48 33 26

{B0115] In comparison between the two phloroglucinol triacetate/tributyrate samples of the
present invention and those of the comparative examples, it will be appreciated that both the
phloroglucinol triacetate and phloroglucinol butyrate of the present invention show unexpectedly
and significantly much better bardoess and Modulus at 50% compared to the carbon black and
phloroglucinol resin. The phioroglucinol triacetate also shows significantly better Modulus at
300%. More surprsingly, phloroglucinol shows poor resulis to the conventional resorcinol
formaldehyde resin. Because of this, the results for phloroglucingl triacetate and butyrate are
totally unexpected.

{00116]  The resultant rubber performance based upon the preparation of a vulcanized rubber as
set forth below 1s also provided in TABLE 2. | will be appreciated that T°90 was measured with
the Alpha Technologies MR Rheometer (MIDR2000) at 150°C, 0.5° arc and 1.0 Hz according to
ASTM D-5289. The rubber compounds were cured at 150 °C, 10 tons pressure, according to
parameters obtained from the MDR2000 rheometric test data. &7 and tan 6, an indicator of
compound hysteresis or heat build-up, was measured with a TA Instruments rheometer (ARES) at
2.0% torsional shear strain at 1Hz and 60°C and was measured shore A Hardness according to

ASTM D-2240.
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{B0117]  ftcan be seen that hardness is higher in the rubber composition of the present invention
containing phloroglucinel acetate and HMMM, as compared to the carbon black rubber
composition or rubber composition containing phloroghucinolic resin. Hardness correlates with

tread wear.
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CLAIMS

What is claimed is
1. A rubber composition comprising:

{(a} a rubbery polymer or blend of polvmers;

{b) at least one organosiane coupling agent;

{c} at least one reinforcing filler that is reactive with the at [east one organosilane coupling
agent;

{d) at least one methylene donor compound;

(e} at least one modified phloroglucinol selected from the group consisting of
phlorogluciool  monoacetate,  phloroglucinol  diacetate;  phloroglucinol  triacetate  and
phloroglucinol butyrate and

(£} at teast one a sulfur-donating compound;

wherein a hardness of the rubber composition is increased when compared with a rubber
composition having a phioroglucinolic resin.

2. The rubber composition of claim 1, wherein the rubbery component {a) ranges from about
25 to about 95 weight percent based on the total weight of the rubber composition; the organosilane
coupling agent {(b) ranges from 0.05 parts to 30 parts organosilane coupling agent (b), per 100 parts
of the rubbery polymer; the reinforcing filler () that 1s reactive with the organosilane coupling
agent {(b) ranges from 1 part to 150 parts reinforcing filler, per 100 parts of the rubbery polymer;
the methylene donor compound (d) ranges from 0 1 parts to 30 parts methylene donor compounds,
per 100 parts of the rubbery polymer; the modified phloroglucinol {e} ranges from 0.1 parts to 10
parts modified phloroglucinol, per 100 parts of the rubbery polymer; and the sulfur-donating
compound (f) ranges from 0.1 parts {o 3 parts sulfur-donating compound, per 100 parts of the

rubbery compound.

3. The rubber composition of claim 2, wherein the rubbery polymer (a} is sclected from the
group counsisting of natural rubber (NR), synthetic polvisoprene (IR), polybutadiene {BR), various
copolymers of butadiene, the copolymers of isoprene, solution styrene-butadiene rubber (SSBR),
emulsion  styrene-butadiene rubber (ESBR), cthylene-propyvlene terpolymers {(EPDM),

acrylonitrile-butadiene rubber (NBR), and functionalized rubbers that are modified by at feast one



WO 2025/147697 PCT/US2025/010405

alkoxystlyl group, tin-containing group, amino group, hydroxyl group, carboxylic acid group,

polysiloxane group, epoxy group or phthalocyanimo group.

4. The rubber composition of claim 2, wherein the rubbery polymer (a) comprises natural

rubber of a mixture of natural rubber and butadiene rubber

5. The rubber composition of claim 2, wherein the reinforcing filler {¢) 1s chosen {from fibers,
particulates or sheet-like structures comprising metailoid oxides or metal oxides having surface

hydroxyl groups.

6. The rubber composition of claim 5, wherein the reinforcing filler (¢) comprises precipitated
silica.
7. The rubber composition of claim 2, wherein the methvlene donor compound (d) is selecied

from the group consisting of pelyisccyanates, polyisocyanurates, epoxy resins, aming resins and

polyurethanes,

8. The rubber composition of claim 7, wherein the amino resin 18 selected from the group

consisting of hexamethoxvmethyimelamine (HMMM) and hexamethylenetatramine (HMT).

9. The rubber composition of claims 2, wherein the modified phloroglucinot {e) has the

structure selected trom the group consisting of Formula (I} (II) and (1)
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The rubber composition of claim 9, wherein the modified phioroglucinol is a solid.

10.
wherein the solid modified phloroglucinot is the

11, The rubber composition of claim 2,
reaction product of a phloroglucinoel and acetic anhydride tn the presence of a base catalyst.

2, wherein the solid modified phloroglucinol is the

]

12 The rubber composition of claim
reaction product of a phloroglucinol and butyric anhydride in the presence of a base catalyst.

phloroglucinol

The rubber composition of claim 11, wherein the solid modified phloroglucinol 1s selected
mono-acetate, di-acetate,

13
of phloroglucinol

from the group consisting
phloroglucinol tri-acetate and combinations thereotf,
The rubber composition of claim 12, wherein the solid modified phloroglucinol is selected

t4.
from the group consisting of phloroglucinol mono-butyrate, phloroglucinol  di-butyrate,

phloroglucinol tri-butyrate and combinations thereof.

15. The rubber composition of claim 2, wherein the sulfur-donating compound (£} is sulfur.
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16. A process for the preparation of the rubber composition of claim 2.

17. A cured rubber composition prepared from the composition of claim 2.

18 Ag article comprising the cured rubber composition of claim 17
19, The article of claim 18, wherein said article is a component of g tive.
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