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Refresh Agent

FIELD

[0001] This disclosure relates to retfresh agents for uncured rubber compositions, particularly for

rubber compositions in the tire and air spring industry.

BACKGROUND

[0002] Rubber articles made from a plurality of uncured rubber components typically must be
held together in some manner during the building and curing process. Some methods of joining
uncured rubber components include mechanical methods such as stitching and joining with
adhesives. Solvent refresh agents, such as toluene and hexane, may also be used to temporarily
increase the tack inherent in the uncured rubber sufficiently to join the rubber components for
building and curing. However, conventional refresh agents are typically highly volatile
compounds. In addition, adhesives add weight to the rubber article by creating an additional
layer of material between the two rubber layers that are being joined. Mechanical methods may
not be effective in all building processes that range from highly automated to entirely manual.
[0003] Certain alkanes or cycloalkanes, commonly known as light Naphtha, have been used to
clean and remove uncured rubber from machinery. This 1s a much different use than as a refresh
agent to temporarily bond uncured rubber.

[0004] Example rubber articles that typically incorporate a plurality of uncured rubber

components that are joined by some mechanism while curing 1s performed are rubber air springs

and tires.

SUMMARY

[0005] In an embodiment, a coated rubber composition comprises a rubber composition coated
with a liquid refresh agent selected from the group consisting of one or more liquid terpenes,
limonene, carvone, pinene, pine needle oil, citral, orange oil, dodecane, decane, undecane,
dipentene, 1,8-cineole, eucalyptol, citronellol, geraniol, citronellene, terpinen-4-ol, and
combinations thereof.

[0006] In an embodiment, a coated rubber composition comprises a rubber composition coated

with a liquid refresh agent selected from the group consisting of one or more liquid terpenes,
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limonene, carvone, pinene, pine needle oil, citral, orange oil, dipentene, 1,3-cineole, eucalyptol,
citronellol, geraniol, citronellene, terpinen-4-ol, Co-C;5 aliphatics, Cy-C;s cycloaliphatics, ethyl
lactate, and combinations thereof.

[0007] In an embodiment, an article of manufacture comprises a first uncured rubber component
comprising an elastomer selected from the group consisting of: polychloroprene, butyl rubber,
hevea and non-hevea natural rubber, polyisoprene, polybutadiene, nitrile rubber, poly(isoprene-
styrene), poly(isoprene-butadiene), poly(styrene-butadiene), terpolymers of isoprene, styrene,
and butadiene, and combinations thereof. The first uncured rubber component includes a first
coated surface. The surface 1s coated with an organic liquid having the following characteristics:
an evaporation rate of about 0.1 mg/min to about § mg/min at 25°C; and a flash point of about
30°C to about 100°C.

[0008] In an embodiment, a method comprises the following steps: applying a refresh agent to a
surface of a first uncured rubber component, the refresh agent being selected from the group
consisting of: one or more terpenes, limonene, carvone, pinene, pine needle oil, citral, orange oil,
dodecane, decane, undecane, dipentene, 1,8-cineole, eucalyptol, citronellol, geraniol,
citronellene, terpinen-4-ol, and combinations thereof, thereby forming a first coated surface; and
joining a second uncured rubber component to the first coated surface of the first uncured rubber
component at an interface or joining the first coated surface to an overlapping or butt-end portion
of the first uncured rubber component at an interface.

[0009] In an embodiment, a method comprises the following steps: applying a refresh agent to a
surface of a first uncured rubber component, the refresh agent being selected from the group
consisting of: one or more terpenes, limonene, carvone, pinene, pine needle oil, citral, orange oil,
dodecane, decane, undecane, dipentene, 1,8-cineole, eucalyptol, citronellol, geraniol,
citronellene, terpinen-4-ol, Co-C;5 aliphatics, Cy-Cis cycloaliphatics, ethyl lactate, and
combinations thereof, thereby forming a first coated surface; and joining a second uncured
rubber component to the first coated surface of the first uncured rubber component at an
interface or joining the first coated surface to an overlapping or butt-end portion of the first
uncured rubber component at an interface.

[0010] In certain embodiments, all the tack-improving agents or adhesives used on the rubber

component may consist essentially of the agents listed above.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 1s a partial cross-sectional view of an embodiment of an air spring.

[0012] Fig. 2 1s a cross-sectional view of a portion of an embodiment of a tire.

DETAILED DESCRIPTION

[0013] A refresh agent functions to bring out, improve, or “refresh” the tack present in an
uncured rubber compound component. Immediately after forming, an uncured rubber compound
component has a warm, unbloomed surface that may be significantly tacky depending on the
compound composition. However, after cooling and surface deposition, either from exterior
sources such as dust, oils, soap, and dirt, or from components of the rubber composition
blooming to the surface such as wax, sulfur, processing aids, or anti-oxidants, the rubber
compound loses tack. A refresh agent 1s a compound that 1s applied onto the uncured rubber
composition to refresh the tack present in the rubber composition.

[0014] A refresh agent differs from an adhesive in that it 1s a transitory coating that swells the
rubber surface, but evaporates or elutes from the rubber compound prior to or during curing. A
refresh agent also differs from tackifiers or wetting agents that are mixed into the rubber
composition during compounding in that 1t 1s a coating directly on the surface of the rubber that
evaporates or elutes from the rubber compound prior to or during curing. In an embodiment
where the rubber component is a tire component, the joined rubber components may be set on a
spinning drum in the manufacturing process and the spinning action aids in the evaporation and
eluting of the refresh agent. As the refresh agent 1s a transitory coating, it results in a reduced
welght rubber article compared rubber articles that use adhesives for joining uncured rubber.
[0015] In an embodiment, rubber 1s soluble in the refresh agent, and the refresh agent wets and
swells the rubber surface that it 1s applied to. Without being bound to theory, when the refresh
agent 1s applied to an elastomer substrate, the agent operates to open up the interstices of the
polymeric matrix of the elastomeric compound it 1s applied to. This solubilizing and swelling of
the rubber surface facilitates reabsorption of components that may have bloomed to the surface
of the rubber during aging. The surface area of the interfaced elastomer substrates may also be
increased, contributing to a strong cured bond at the joint interface. While this may be only a

temporary effect, i1t 1s sufficient for improving tack until the rubber joint interfaces are cured.
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[0016] In an embodiment, the refresh agent has lower volatility compared to chemicals such as
hexane and toluene. Furthermore, the refresh agent has a longer duration of tack-improving
effect compared to highly volatile solvents. In addition, a reduced amount of the refresh agent
disclosed herein may be used in comparison to highly volatile solvents, thereby further reducing
the overall VOC emissions released.

[0017] In an embodiment, the refresh agent 1s a liquid at room temperature and standard pressure
and selected from the group consisting of: liquid terpenes, limonene, carvone, pinene, pine
needle oil, citral, orange oil, dodecane, decane, undecane, dipentene, 1,8-cineole, eucalyptol,
citronellol, geraniol, citronellene, terpinen-4-ol, and combinations thereof. In an embodiment the
refresh agent may be selected from the group consisting of: liquid terpenes, limonene, carvone,
pinene, pine needle oil, citral, orange oil, dodecane, decane, undecane, dipentene, 1,8-cineole,
eucalyptol, citronellol, geraniol, citronellene, terpinen-4-ol, Co-C;s aliphatics, Cy-Cis
cycloaliphatics, ethyl lactate, and combinations thereof.

[0018] In an embodiment, the refresh agent has an evaporation rate at 25°C and ambient pressure
(such as 1 atm) of about 0.1 to about 8 mg/min, such as about 1 to about 7 mg/min, or about 1.5
to about 5 mg/min. In an embodiment, the refresh agent has a lower evaporation rate than
common highly volatile solvents. In an embodiment, the refresh agent has an evaporation rate at
25°C and ambient pressure (such as 1 atm) of about 0.01 to about 0.8 mg/min, such as about 0.1
to about 0.7 mg/min, or about 0.15 to about 0.5 mg/min.

[0019] In an embodiment, the refresh agent has a flash point of about 30°C to about 100°C, such
as, for example, about 33°C to about 83°C, or about 40°C to about 60°C. In an embodiment, the
refresh agent has a higher flash point than common highly volatile solvents.

[0020] In an embodiment the refresh agent has a molecular weight (formula weight) of about
110 g/mol to about 1000 g/mol, such as, for example about 135 g/mol to about 250 g/mol, or
about 150 g/mol to about 200 g/mol. In an embodiment, the refresh agent has a higher molecular
welght than common highly volatile solvents, but a lower molecular weight than polymer-based
adhesive compositions.

[0021] In an embodiment, the refresh agent may have a viscosity at 25°C of, for example, of
about 0.0001 to about 100 cP, such as about 0.1 to about 30 cP, or about 0.25 to about 5 cP.
[0022] Those of skill in the art will understand an effective amount of the refresh agent that may

be used to provide an effective coating of the refresh agent to join rubber surfaces under the
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manufacturing conditions with the understanding that the amount is less than conventional highly
volatile refresh agent solvents.

[0023] In contrast to adhesives, that typically include several components that must be tailored to
be compatible with the rubber surfaces to be joined, the refresh agent works with whatever
rubber it 1s applied to in order to refresh the tack inherent in the rubber itselt. Thus, the refresh
agent does not need to be tailored to be compatible with different elastomers.

[0024] Particular examples of rubber articles that the refresh agent may be useful with include
those that require multiple components or layers that include rubber-to-rubber joints such as
those that are utilized to provide an air barrier, for example, air springs and tire components. In
an embodiment, the refresh agent may also be used for constructing multi-component hoses,
belts, and vibration 1solators.

[0025] The rubber composition that the refresh agent 1s used with includes an elastomer
component. In an embodiment, the rubber composition further includes a filler component, a
curing agent, and optionally one or more of coupling agents, accelerators, processing aids, metal
oxides, fatty acids, antioxidants, and surfactants.

[0026] The elastomer component may include elastomeric polymers, such as: polychloroprene,
butyl rubber, hevea and non-hevea natural rubber, polyisoprene, polybutadiene, nitrile rubber,
poly(isoprene-styrene), poly(isoprene-butadiene), poly(styrene-butadiene), terpolymers of
1soprene, styrene, and butadiene, and combinations thereof. In an embodiment, these elastomeric
polymers may contain one or more functional groups, including, for example, tin, silicon, and
amine containing functional groups. The rubber polymers may be prepared by emulsion,
solution, or bulk polymerization according to known suitable methods.

[0027] In an embodiment containing a blend of more than one polymer, the ratios (expressed in
terms parts per hundred rubber (phr) of such polymer blends can be adjusted according to the
desired final viscoelastic properties for the polymerized rubber compound. For example, in an
embodiment natural rubber or polyisoprene may comprise about 5 to about 80 phr, such as about
20 phr to about 60 phr, or about 35 phr to about 55 phr; and polybutadiene or styrene-butadiene
rubber may comprise about 60 phr to about 5 phr, such as about 50 phr to about 10 phr, or about
15 phr to about 25 phr. In an embodiment, one of the rubbers above 1s selected and comprises

the entire rubber component.



CA 02900699 2015-08-07

WO 2014/159805 PCT/US2014/025201

6

[0028] In an embodiment the rubber polymer, may have a number average molecular weight
(Mn) of about 100,000 to about 1,000,000, such as about 150,000 to about 600,000, or about
250,000 to about 500,000. In an embodiment, the polydispersity of the rubber polymer
(Mw/Mn) may range from about 1.5 to about 6.0, such as about 2.0 to about 5.0, or about 3.0 to
about 4.0.

[0029] In an embodiment, the reinforcing filler may be selected from the group consisting of
carbon black, silica, and mixtures thereof. The total amount of reinforcing filler may be from
about 1 to about 100 phr, from about 30 to about 80 phr, from about 40 to about 70 phr, or from
about 50 to about 100 phr of filler. Higher amounts of filler may contribute to reduced tack in
the uncured rubber composition.

[0030] The carbon black can be present in amounts ranging from about 0 to about 80 phr, such
as about 5 to about 60 phr, or about 20 to about 50 phr. The carbon black may have a surtace
area (EMSA) of at least about 20 m°/g, such as, at least about 35 m”/g up to about 200 m~/g or
higher. Surface area values used in this application are determined by ASTM D-1765 using the
cetyltrimethyl-ammonium bromide (CTAB) technique.

[0031] Among the useful carbon blacks are furnace black, channel blacks and lamp blacks.
More specifically, examples of useful carbon blacks include super abrasion furnace (SAF)
blacks, high abrasion furnace (HAF) blacks, fast extrusion furnace (FEF) blacks, fine furnace
(FF) blacks, intermediate super abrasion furnace (ISAF) blacks, semi-reinforcing furnace (SRF)
blacks, medium processing channel blacks, hard processing channel blacks and conducting
channel blacks. Other carbon blacks which can be utilized include acetylene blacks.

[0032] A mixture of two or more of the above blacks can be used in preparing the carbon black
filled embodiments. The carbon blacks utilized i1n the preparation of the vulcanizable
elastomeric compositions can be in pelletized form or an unpelletized flocculent mass.

[0033] A mixture of two or more of the above blacks can be used. Exemplary carbon blacks
include, but are not limited to, N-110, N-220, N-339, N-330, N-352, N-550, and N-660, as
designated by ASTM D-1765-82a.

[0034] Examples of reinforcing silica fillers which can be used include wet silica (hydrated
silicic acid), dry silica (anhydrous silicic acid), calcium silicate, and the like. Among these,
precipitated amorphous wet-process, hydrated silicas are preferred. Silica can be employed 1n an

amount of about 1 to about 100 phr, or in an amount of about 5 to about 80 phr, or in an amount
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of about 30 to about 70 phr. The useful upper range 1s limited by the high viscosity imparted by
fillers of this type. Some of the commercially available silicas that can be used include, but are
not limited to, HiS11® 190, HiS1l® 210, HiSil® 215, HiS1l® 233, and HiS11® 243, produced by
PPG Industries (Pittsburgh, Pa.). A number of useful commercial grades of different silicas are
also available from DeGussa Corporation (e.g., VN2, VN3), Rhone Poulenc (e.g., Zeos1il®
1165MPO0), and J. M. Huber Corporation.

[0035] The surface area of the silicas may, for example, be about 32 m®/g to about 400 m*/g,
such as about 100 m*/g to about 250 m*/g being preferred, or about 150 m*/g to about 220 m~/g.
The pH of the silica filler 1s generally about 5.5 to about 7 or about 6 to about 7.2, or about 3.5 to
about 6.8.

[0036] If silica 1s used as a filler, it may be desirable to use a coupling agent to couple the silica
to the polymer. Numerous coupling agents are known, including but not limited to organosulfide

polysulfides.  Suitable organosilane polysulfides include, but are not limited to, 3,3-

bis(trimethoxysilylpropyl)disulfide, 3,3'-bis(triethoxysilylpropyl)disulfide, 3,3-
bis(triethoxysilylpropyl)tetrasulfide, 3,3'-bis(triethoxysilylpropyl)octasulfide, 3,3'-
bis(trimethoxysilylpropyl)tetrasulfide, 2,2"-bis(triethoxysilylethyl)tetrasulfide, 3,3'-
bis(trimethoxysilylpropyl)trisulfide, 3,3'-bis(triethoxysilylpropyl)trisulfide, 3,3-
bis(tributoxysilylpropyl)disulfide, 3,3'-bis(trimethoxysilylpropyl)hexasulfide, 3,3-
bis(trimethoxysilylpropyl)octasulfide, 3,3'-bis(trioctoxysilylpropyl)tetrasulfide, 3,3-

bis(trihexoxysilylpropyl)disulfide, 3,3'-bis(tr1-2"-ethylhexoxysilylpropyl)trisulfide, 3,3'-
bis(triisooctoxysilylpropyl)tetrasulfide, 3,3'-bis(tri-t-butoxysilylpropyl)disulfide, 2,2'-
bis(methoxydiethoxysilylethyl)tetrasulfide,  2,2'-bis(tripropoxysilylethyl)pentasulfide,  3,3'-
bis(tricycloneoxysilylpropyl)tetrasulfide,  3,3'-bis(tricyclopentoxysilylpropyDtrisulfide, 2,2'-
bis(tri-2"-methylcyclohexoxysilylethyl)tetrasulfide, bis(trimethoxysilylmethyl)tetrasulfide, 3-
methoxyethoxypropoxysilyl 3'-diethoxybutoxy-silylpropyl tetrasulfide, 2,2'-
bis(dimethylmethoxysilylethyl)disulfide, 2,2'-bis(dimethylsecbutoxysilylethyl) trisulfide, 3,3'-
bis(methylbutylethoxysilylpropyl)tetrasulfide, 3,3'-bis(di t-butylmethoxysilylpropyl) tetrasultide,
2,2'-bis(phenylmethylmethoxysilylethyl)trisulfide, 3,3-bis(diphenyl
1sopropoxysilylpropyl)tetrasulfide,  3,3'-bis(diphenylcyclohexoxysilylpropyl)disulfide,  3,3'-
bis(dimethylethylmercaptosilylpropyl)tetrasulfide, 2,2'-bis(methyldimethoxysilylethyl)trisulfide,
2,2'-bis(methyl ethoxypropoxysilylethyl)tetrasulfide, 3,3-
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bis(diethylmethoxysilylpropyl)tetrasulfide, 3,3'-bis(ethyldi-secbutoxysilylpropyl)disulfide, 3,3'-
bis(propyldiethoxysilylpropyl) disulfide, 3,3'-bis(butyldimethoxysilylpropyl)trisulfide, 3,3'-
bis(phenyldimethoxysilylpropyDtetrasulfide,  3'-trimethoxysilylpropyl  tetrasulfide, 4.,4'-
bis(trimethoxysilylbutyl)tetrasulfide, 0,6'-bis(triethoxysilylhexyl)tetrasulfide, 12,12'-
bis(tritsopropoxysilyl dodecyl)disulfide, 18,18 -bis(trimethoxysilyloctadecyl)tetrasulfide, 18,18'-
bis(tripropoxysilyloctadecenyl)tetrasulfide, 4,4'-bis(trimethoxysilyl-buten-2-yl)tetrasulfide, 4.4 -
bis(trimethoxysilylcyclohexylene)tetrasulfide, J,5"-bis(dimethoxymethylsilylpentyl)trisulfide,
3,3'-bis(trimethoxysilyl -2-methylpropyl)tetrasulfide, 3,3"-bis(dimethoxyphenylsilyl-2-
methylpropyl)disulfide, and 3-octanoylthio-1-propyltriethoxysilane (NXT).  Mixtures of
organosilane polysulfide compounds can be used.

[0037] The amount of coupling agent in the composition 1s based on the weight of the silica in
the composition. The amount of coupling agent present in the composition may be from about
0.1% to about 20% by weight of silica, or from about 1% to about 15% by weight of silica, or
from about 2% to about 10% by weight of silica. For example, typical amounts of coupling
agents include about 4 to about 10, or about 6 to about 8 phr.

[0038] When both carbon black and silica are employed 1in combination as the reinforcing filler,
they may be used 1n a carbon black-silica ratio of about 10:1 to about 1:4, such as about 5:1 to
about 1:3, or about 2:1 to about 1:2.

[0039] Certain additional fillers may also be utilized, including mineral fillers, such as clay, talc,
aluminum hydrate, aluminum silicate, magnesium silicate, aluminum hydroxide and mica. The
foregoing additional fillers are optional and can be utilized 1in the amount of about 0.5 phr to
about 40 phr.

[0040] A rubber curing agent 1s included in the uncured rubber composition. Curing agents
include, for example, vulcanization agents. For a general disclosure of suitable vulcanizing
agents, one can refer to Kirk-Othmer, Encyclopedia of Chemical Technology, 3rd Ed., Wiley
Interscience, N.Y. 1982, Vol. 20, pp. 365 to 468, particularly "Vulcanization Agents and
Auxiliary Maternals,” pp. 390 to 402. Vulcanizing agents can be used alone or in combination.
In some embodiments, sulfur or peroxide-based vulcanizing agents may be employed. Examples
of suitable sulfur vulcanizing agents include “rubber maker’s™ soluble sulfur; elemental sulfur
(free sulfur); sulfur donating vulcanizing agents such as organosilane polysulfides, amine

disulfides, polymeric polysulfides or sulfur olefin adducts; and insoluble polymeric sulfur. In
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one embodiment, the sulfur vulcanizing agent 1s soluble sulfur or a mixture of soluble and
insoluble polymeric sulfur. Curing agents may bloom to the surface upon aging of the uncured
rubber composition. The curing agent may be present in the composition from about 0.001 to
about 10 phr, such as from about 0.1 to about 4 phr, or about 0.5 to about 2.5 phr.

[0041] In an embodiment, an antidegradant 1s used to protect the rubber from the oxidation
effects of atmospheric ozone. Antidegradants may also bloom to the surface of the rubber
composition upon aging of the uncured rubber. The amount of total antidegradant or staining
antidegradant in the composition may be, for example, from about 0.1 to about 15 phr, such as
from about 0.3 to about 6 phr, or about 2 phr to about 7 phr.

[0042] In an embodiment, the composition comprises a surtactant. Examples of surfactants that
may be added include, but are not limited to, polyoxyethylene sorbitan monostearate (e.g.,
Rheodol® Bs-106) and ether thioether surfactants, such as Vulkanol ® 85 and Vulkanol ® OT,
both being produced by Bayer Corporation. Surfactants may also bloom to the surface of the
rubber composition during aging and reduce tack of the uncured rubber surface. The amount of
surfactant may range, for example, from O to about 10 phr, such as about 0.5 to about 5 phr.
[0043] In an embodiment, the rubber composition disclosed herein may also contain additional
components, such as those listed below, and in the following amounts:

[0044] Processing aids, such as oils or resins: from about 0.001 to about 75 phr, such as from
about 5 to about 40 phr, or about 10 to about 25 phr.

[0045] Fatty acids, such as stearic acid: from about 0.001 to about 5 phr, such as from about 0.1
to about 3.5 phr, or about 0.5 to about 2 phr.

[0046] Metal oxides, such as zinc oxide: from about 0.001 to about 10 phr, such as from about
0.1 to about 5 phr, or about 0.5 to about 3 phr.

[00477] Accelerators: from about 0.001 to about 10 phr, such as from about 0.1 to about 6 phr, or
about 1.5 to about 4 phr.

[0048] In an embodiment, an uncured rubber composition 1s manufactured by compounding the
rubber with various additives and forming 1t into a desired shape. Over time, the uncured rubber
composition ages. As the rubber composition ages, the surface of the composition cools and
certain components may bloom to the surtace. The aging may last from about 0.5 hours to about

30 days, such as about 3 hours to about 48 hours, or about 24 hours to about 14 days.
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[0049] The refresh agent may be applied to an uncured rubber composition by, for example,
rolling, spraying, brushing, or dropping i1t onto the surface of a rubber component. The refresh
agent wets the surface (as opposed to beading) and coats and swells the rubber composition
surface, refreshing the tack.

[0050] In an embodiment, after application to a first uncured rubber component, a second
uncured rubber component 1s overlayed on the treated area of the first uncured rubber component
and joined to the first coated surface of the uncured rubber component at an interface. In an
embodiment, both interfacing surfaces of the first and second uncured rubber components are
coated with the refresh agent.

[0051] In another embodiment, the first coated surface 1s joined to an overlapping or butt-end
portion of the first uncured rubber component. For example, a planar rubber component such as
a tire inner liner may be wrapped around a cylindrical tire building apparatus and joined at an
overlapping portion or an end to form a toroidal, partial toroidal, or annular rubber component.
In an embodiment, both interfacing overlapping surtaces or both interfacing butt-ends of the first
uncured rubber component are coated with the refresh agent.

[0052] In an embodiment, the refresh agent may be applied at one or more of the butt-end or
overlapping surfaces of a first uncured rubber component 1n addition to a top or bottom surtace
of the first uncured rubber composition or an overlayered second uncured rubber component.
[0053] The interface need only hold the components together long enough for the rubber
components to be cured or partially cured. The duration of the joint may vary based on the
amount of refresh agent used. In an embodiment, in comparison to highly volatile refresh agents,
the refresh agents disclosed herein allow the joint to endure for a longer time period when
applied 1n an equivalent amount. Alternatively a decreased amount of refresh agent may be
used, such as about 25% to about 75% less, such as, for example, about 50% to about 65% less,
or about 30% to about 50% less than highly volatile solvents. Therefore, in an embodiment, by
using the refresh agents disclosed herein, improved processing conditions may be facilitated, less
amount of refresh agent may be used, or both.

[0054] The joined uncured rubber components are then cured under conditions necessary for the
rubber components to cure, for example, heat, pressure, or in some 1nstances radiation, such as
UV light. In an embodiment, the rubber components are vulcanized by methods known 1n the

art. In an embodiment, prior to or during curing, the refresh agent evaporates or elutes from the
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rubber components. Thus, after curing, it 1s believed no or essentially no residual of the refresh
agent remains in the cured rubber article. This stands 1n contrast to an adhesive which
substantially coats a rubber article and may be present in an amount of 1% or more by weight of
the rubber composition. In an embodiment, the cured rubber article 1s essentially free of the
refresh agent. The term “essentially free,” as used herein, also includes completely free.

[0055] Fig. 1 shows an embodiment of a reversible sleeve air spring 10. In Fig. 1, the air spring
assembly 10 includes flexible airsleeve 12. Bead plate 14 1s crimped to airsleeve 12 to form an
airtight seal between the bead plate 14 and airsleeve 12. Similarly, end closure 16 1s molded to
the flexible airsleeve 12 to form an airtight seal between end closure 16 and airsleeve 12. End
closure 16 of airsleeve 12 1s affixed to piston 18 by mechanical means well known in the art,
including, for example, a piston bolt (not shown). Piston 18 provides a surface for the flexible
airsleeve 12 to roll on during compressive travel. The reversible air spring assembly 10 may
optionally include a bumper 20 to support the vehicle when there 1s no air in the air springs or
during extreme road disturbances. Enclosed within airsleeve 12 1s a volume of gas 22. Studs 24
and hole 26 are used to secure the reversible air spring assembly 10 to the mounting surface of an
automobile (not shown).

[0056] In an embodiment, the refresh agent 1s applied on a surface of a rubber component of an
air-spring to securely join the components at an interface for curing. Such rubber components
may be layers containing fibers and/or woven-fabric for reinforcement.

[0057] Air springs are widely used 1n large vehicles, such as buses and trucks, because they
allow fixedly holding a vehicle’s posture against a load change from curb weight to payload
welght by controlling the supply of air and the discharge of air to the exterior. In addition, the
spring constant can be set to a low level to improve the ride comfort and prevent the damage of
freight.

[0058] Typical air spring rubber compositions include one or more diene polymers, such as
polychloroprene; a reinforcing filler, such as carbon black, in an amount such as 20-100 phr;
cure agent; and additives, such as accelerators, wax, plasticizing oil, and antioxidants. An
example air spring composition 1s disclosed in WO 2010/019862, which 1s incorporated herein
by reference.

[0059] Fig. 2 shows a cross-section of a tire 100. In an example application the refresh agent 1s

applied to various rubber components of the uncured tire 100. For instance, the refresh agent
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may be applied to join a spliced tread 110, a spliced inner liner 120, or a spliced bead 130, or to
join a sidewall 140 or a carcass layer 150 to the tread 110.

[0060] In an embodiment, new tires are constructed by assembling the individual components in
an uncured state by joining them together with a refresh agent coated on one or more surfaces,
and then, once assembled, the green tire 1s cured as a whole. An example tire manufacturing
method 1s disclosed 1in U.S. Patent No. 4,824,501, which 1s incorporated herein by reference.
[0061] As the Examples below show, the refresh agent described herein 1s well-suited for use in
the manufacture of multi-component rubber articles, such as tires, air springs, hoses, belts, and

vibration i1solators.

[0062] EXAMPLES
[0063] Examples 1-7

[0064] Seven examples of a low volatility liquid refresh agent were obtained. Certain properties

are reported 1n Table 1.
Table 1

Evaporation Rate
(mg/min)
at 25°C and
ambient pressure

54 °C (129 °F) - closed cup

136.23 0.415

g/mol

C10H16

Example 1
Orange Oil

Example 2 C10H16
Limonene

Example 3 C10H16

136.23

g/mol
136.23

0.192 48 °C (118 °F) - closed cup

0.394 33 °C (91 °F) - closed cup

Pinene g/mol
Example 4 70-97% 0.310 40.56 °C (105.01 °F) -
Pine Needle | CioH16; closed cup

Oil 3-30%

C12H2002
C12H26 170.33 0.194
g/mol

Example 5 83 °C (181 °F) - closed cup

Dodecane
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Example 6 118.13 0.373 58 °C (136°F) — closed cup
Ethyl H)COOCH | g/mol
Lactate
Example 7 Blend of 0.170 66°C (150°F) — closed cup

60 -
100% Co-
Cis
cycloalip
hatics 10
- 40% Co-
Cis
aliphatic
S

C9-C15 Co-

Cis
aliphatics,
Co-Cys
cycloalipha
tics

[0065] Examples 8-14 (Controls)

[0066] Examples 8-14 were also obtained as controls. These were all volatile organic solvents

and several physical properties are disclosed in Table 2.

TABLE 2

Evaporation Rate
(mg/min)
at 25°C and
ambient pressure
Example 8 C,Hg 92.14 3.661 4.0 °C (39.2 °F) - closed
Toluene g/mol cup

Example 9 CecH1a 86.18 6.686 -26.0 °C(-14.8 °F) - closed
Cyclohexane g/mol cup

Example 11 72.11 no data available -17.0 °C (1.4 °F) - closed
Tetrahydrofu g/mol cup

ran
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C7H16 100.20 2.31 -4.0 °C (24.8 °F) - closed
Example 12 g/mol cup
Heptane

Example 13 78.11 no data available -11.0 °C(12.2 °F) - closed
Benzene g/mol cup

Example 14 106.17 0.967 25 °C (77 °F) - closed cup
Xylenes g/mol

[0067] Examples 15-20

[0068] Examples 15-20 were performed to measure the peel strength of uncured rubber
components joined with the refresh agents of Examples 1-5 of Table 1 (Examples 16-20) 1n
comparison to uncured rubber components joined with one of the volatile organic solvents of
Table 2, Example 8 (toluene) (Control Example 15). The uncured peel strength measurement
primarily shows the tackiness of the joint. This measurement indicates an initial tackiness to
hold a joint together temporarily until 1t can be cured.

[0069] In Examples 15-20 rubber strips and adhesion pads were constructed with several rubber
compositions for a tire body ply. Three different elastomer blends were used in the rubber
compositions. These blends were (1) poly(styrene-butadiene), polybutadiene, and natural
rubber; (2) polybutadiene and natural rubber; and (3) poly(styrene-butadiene). Each of the
rubber compositions also included carbon black, silica, wax, antioxidant, sulfur, oil, and
accelerators. No significant variation in the refresh agent performance was observed across the
different blends, so the testing results were combined and averaged together.

[0070] For the refresh agent, a foam/sponge brush was used to apply the refresh agent in a thin,
uniform layer onto the face of the adhesion pad. It was observed that all of the refresh agents
coated and wetted each of the rubber surfaces well. The adhesion pads were dried at room
temperature for 5 minutes when no visible wetness was apparent. The application volume of
refresh agent in each Example was approximately the same.

[0071] The uncured rubber strips were joined to the coated rubber on the adhesion pad. After 9
days of aging, the joined rubber strips of Examples 15-20 were tested by a standard procedure

for 180° peel testing on an Instron 5565. These Examples were peel tested at a rate of 2 in/min
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and the gap distance was about 80 mm. Each refresh agent was tested a total of eight times and
an average and a maximum force based on all eight tests 1s reported 1n Table 3. In each case the

higher force indicates the stronger bond.

TABLE 3

Ave F
Refresh agent "g(Nc)’rce STD. DEV. m STD. DEV.

Example 15 (toluene)
control

Example 16 Orange
Oil
Example 17

Limonene
Example 18 Pinene

Example 19 Pine
Needle Oil

Example 20
Dodecane

[0072] The results indicate that lower volatility refresh agents have comparable tack to toluene,
and that such tack 1s sufficient for joining tire rubber components.

[0073] Examples 21-26

[0074] Examples 21-26 were performed to measure the cured peel strength of rubber
components joined with the refresh agents of Examples 1-5 of Table 1 (Examples 22-26) 1n
comparison to cured rubber components joined with one of the volatile organic solvents of Table
2, Example 8 (toluene) (Control Example 21). The cured peel strength measurement primarily
shows the strength and durability of the bond of the cured rubber components.

[0075] In Examples 21-26, rubber strips and adhesion pads were constructed as they were in
Examples 15-20, that 1s, with several rubber compositions for a tire body ply. Again, three
different elastomer blends were used in the rubber compositions. These blends were (1)
poly(styrene-butadiene), polybutadiene, and natural rubber; (2) polybutadiene and natural
rubber; and (3) poly(styrene-butadiene). Each of the rubber compositions also included carbon
black, silica, wax, antioxidant, sulfur, oil, and accelerators. No significant variation in the
refresh agent performance was observed across the different blends so the testing results were

combined and averaged together.
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[0076] For the refresh agent, a foam/sponge brush was used to apply the refresh agent in a thin,
uniform layer onto the face of the adhesion pad. It was observed that all of the refresh agents
coated and wetted each of the rubber surfaces well. The adhesion pads were dried at room
temperature for 5 minutes until no visible wetness was apparent. The application volume of
refresh agent in each Example was approximately the same.

[0077] The uncured rubber strips were then joined to the coated, uncured rubber on the adhesion
pad and the samples were cured at 170°C for 15 minutes.

[0078] After 9 days of aging, the joined and cured rubber strips and adhesion pads of
Examples 21-26 were tested by a standard procedure for 180° peel testing on an Instron 535635.
These Examples were peel tested at a rate of 2 in/min and the gap distance was 30 mm.

[0079] Shown 1n Table 4 are the results for the 180° peel test for cured Examples 21-26. Each
refresh agent was tested a total of eight times and an average and a maximum force based on all

eight tests 1s reported in Table 4. In each case, the higher force indicates the stronger bond.

TABLE 4

Max F
Cured Samples | Avg Force (N) | STD. DEV. a’;N;’rce STD. DEV.

Example 21 (toluene) 96 & 1020 13766 104.0
control

Example 2.2 Orange 240 3
Oil
Ex.ample 23 93E O
Limonene
Example 24 Pinene 899.6

Example 25 Pine
Needle Oil

Example 26
Dodecane

383.4

795.5

[0080] The results indicate that the lower volatility refresh agents of Examples 21-26 have
comparable vulcanized bond strength to toluene, and that such bond strength 1s sufficient for
joining vulcanized tire rubber components.

[0081] Examples 27 to 32

[0082] Additional stock adhesion test were performed on both uncured and cured stocks. These

tests were performed according to the test conditions listed above for Examples 21-26 except the
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cure time and temperature of the cured Examples 30-32 1s slightly different. The rubber stocks
tested were natural rubber and also included carbon black, silica, wax, antioxidant, sulfur, oil,

and accelerators. The results are reported 1n Table 3.

TABLE §
Max
Avg Force
Curing Treatment Force (N) | Std Dev (N) Std Dev
Example 27
(control) Heptane 104.3 11.3 161.0 43.9
Example 28 Orange Oil 109.8 1.9 146.9 3.4
Uncured
Example 29 C9-C15
cycloaliphatics
and aliphatics*® 110.8 13.6 135.4 12.5
Example 30 Heptane 888.4 52.7 1470.0 3.2
Example 31 Cured Orange Oil 634.5 322.6 1647.6 | 145.0
Example 32 (40 min at C9-C15
150°C) cycloaliphatics
and aliphatics * 502.6 168.1 1003.8 418.0

* Blend of 60 - 100% Cy-C;5 cycloaliphatics and 10 - 40% Co-Cy5 aliphatics

[0083] The results indicate that the lower volatility refresh agents of Examples 28, 29, 31, and 32
have comparable vulcanized and unvulcanized bond strength to heptane, and that such bond
strength 1s sufficient for joining vulcanized and unvulcanized tire rubber components.

[0084] Examples 33 to 35

[0085] In Example 33, a large tire (445/80R25) weighing approximately 330 lbs was constructed
using dodecane as the refresh agent to hold the tire components together for vulcanizing. In
Example 34 another large tire (445/80R25) weighing approximately 330 lbs was constructed
using orange oil as the refresh agent to hold the tire components together for vulcanizing. In
both examples the refresh agents were effective to hold the components together for curing.
Furthermore, in each example the volume of orange oil and dodecane applied was reduced by
approximately 63% compared to the volatile hexane/cyclohexane refresh agent used in prior
mining tire constructions of the same size. No refresh agent was detected in the joined and cured

tire components.
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[0086] Durability testing of Examples 33 and 34 according to DOT Test FMVSS119 showed
little or no variation (less than about 1%) 1n terms of mileage or time of use from a control
example 35 that was made with a hexane/cyclohexane agent to provide tack for building the tire.

[0087] To the extent that the term ““includes™ or “including” i1s used in the specification or the
claims, 1t 1s intended to be inclusive in a manner similar to the term “comprising” as that term 1s
interpreted when employed as a transitional word 1n a claim. Furthermore, the use of the term
“or’” herein 1s the inclusive, and not the exclusive use, unless the context clearly indicates the

2% ¢

contrary. Furthermore, the terms “a,” ““an,” and “‘the” are used herein to mean one or more. The
term “‘consist essentially of”” 1s meant to also encompass “‘consists entirely of,” and used 1n the
customary manner to mean the listed ingredients and unlisted ingredients that do not materially
atfect the basic and novel properties of the methods, articles of manufacture, or compositions
listed herein.

[0088] While the present application has been illustrated by the description of embodiments
thereof, and while the embodiments have been described 1in considerable detail, 1t 1s not the
intention of the applicants to restrict or in any way limit the scope of the appended claims to such
detail. Additional advantages and modifications will readily appear to those skilled in the art.
Therefore, the application, in its broader aspects, 1s not limited to the specific details, the
representative apparatus, and 1llustrative examples shown and described.  Accordingly,

departures may be made from such details without departing from the spirit or scope of the

applicant’s general inventive concept.
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It 1s claimed:
1. A coated rubber composition comprising a rubber composition coated with a liquid
refresh agent selected from the group consisting of:

one or more liquid terpenes, limonene, carvone, pinene, pine needle oil, citral, orange oil,
dodecane, decane, undecane, dipentene, 1,3-cineole, eucalyptol, citronellol, geraniol,

citronellene, terpinen-4-ol, and combinations thereof.

2. The coated rubber composition of claim 1, wherein the refresh agent has a viscosity at

25°C of about 0.0001 to about 100 cP.

3. The coated rubber composition of claim 1, wherein the flash point of the refresh agent 1s

about 30°C to about 100°C.

4. An article of manufacture comprising:

a first uncured rubber component comprising an elastomer selected from the group
consisting of: polychloroprene, butyl rubber, sevea and non-hevea natural rubber, polyisoprene,
polybutadiene, nitrile rubber, poly(isoprene-styrene), poly(isoprene-butadiene), poly(styrene-

butadiene), terpolymers of 1soprene, styrene, and butadiene, and combinations thereof;

the first uncured rubber component including a first coated surtace, the first coated

surface coated with an organic liquid having a flash point of about 30°C to about 100°C.

J. The article of manufacture of claim 4, wherein the organic liquid has a viscosity at 25°C

of about 0.0001 to about 100 cP.

0. The article of manufacture of claim 4, wherein the organic liquid 1s selected from the
group consisting of: one or more terpenes, limonene, carvone, pinene, pine needle oil, citral,
orange oil, dodecane, decane, undecane, dipentene, 1,8-cineole, eucalyptol, citronellol, geraniol,

citronellene, terpinen-4-ol, and combinations thereof.

7. The article of manufacture of claim 4, further comprising:
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a second uncured rubber component comprising an elastomer selected from the group
consisting of: polychloroprene, butyl rubber, hevea and non-fevea natural rubber, polyisoprene,
polybutadiene, nitrile rubber, poly(isoprene-styrene), poly(isoprene-butadiene), poly(styrene-
butadiene), terpolymers of 1soprene, styrene, and butadiene, and combinations thereof;

the second uncured rubber component being joined to the first coated surface of the

uncured rubber component at an interface.

3. The article of manufacture of claim 4, wherein the first coated surface 1s joined to an

overlapping or butt-end portion of the first uncured rubber component.

9. The article of manufacture of claim 4, wherein the article 1s a rubber air spring or a tire

component.

10.  The article of manufacture of claim 4, wherein the organic liquid has an evaporation rate

of about 0.01 mg/min to about 0.8 mg/min.
11. A method comprising the steps of:

applying a refresh agent to a surtace of a first uncured rubber component, the refresh agent
being selected from the group consisting of: one or more liquid terpenes, limonene, carvone,
pinene, pine needle oil, citral, orange oil, dodecane, decane, undecane, dipentene, 1,8-cineole,
eucalyptol, citronellol, geraniol, citronellene, terpinen-4-ol, and combinations thereof, thereby

forming a first coated surface; and

joining a second uncured rubber component to the first coated surtace of the first uncured

rubber component at an interface or joining the first coated surface to an overlapping or butt-end

portion of the first uncured rubber component at an interface.

12. The method of claim 11, further comprising curing the joined first and second uncured
rubber components or the first uncured rubber component and the overlapping or butt-end

portion of the first uncured rubber component to form a vulcanized rubber article.

13. A coated rubber composition comprising a rubber composition coated with a liquid

refresh agent selected from the group consisting of:
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one or more liquid terpenes, limonene, carvone, pinene, pine needle oil, citral, orange oil,
dipentene, 1,8-cineole, eucalyptol, citronellol, geraniol, citronellene, terpinen-4-ol, Cy-Cis

aliphatics, Cy-Cy5 cycloaliphatics, ethyl lactate, and combinations thereof.
14. A method comprising the steps of:

applying a refresh agent to a surface of a first uncured rubber component, the refresh agent
being selected from the group consisting of: one or more liquid terpenes, limonene, carvone,
pinene, pine needle oil, citral, orange oil, dipentene, 1,8-cineole, eucalyptol, citronellol, geraniol,
citronellene, terpinen-4-ol, Cy-C,5 aliphatics, Co-Ci5 cycloaliphatics, ethyl lactate, and

combinations thereof, thereby forming a first coated surface; and

joining a second uncured rubber component to the first coated surface of the first uncured
rubber component at an interface or joining the first coated surface to an overlapping or butt-end

portion of the first uncured rubber component.

15. The method of claim 14, comprising joining the first coated surface to the overlapping or

butt-end portion of the first uncured rubber component at the interface.
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