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RUBBER BLENDS CONTAINING REGENERATED RUBBER

TECHNICAL FIELD

[001] The present disclosure relates to rubber blends prepared by mixing a regenerated
rubber and another rubber compound, such as a natural rubber, and more particularly, the present
disclosure relates to swelling a regenerated rubbers in a solvent prior to combining with a non-
regenerated rubber to form a rubber blend that includes a matrix of regenerated rubber and non-

regenerated rubber.

BACKGROUND

[002] Commercial tires contain high amounts of materials that are derived from petroleum
resources. Petroleum resources are limited in supply and therefore do not offer sustainable,
predictable sources that can reduce carbon footprint. The present invention aims to significantly
reduce reliance on non-sustainable resources and provide a blended rubber product for use in
compositions for a tire, in which the use of petroleum resources and non-recycled materials are
reduced for improving environmental friendliness of tires.

[003] There are many examples of recycled materials that can be used to increase material
circularity in tire production. One of them is regenerated rubber from end-of-life tires.
Depending on the process for manufacturing the regenerated rubber, it can be classified as one of
the following three: reclaim rubber, ground rubber, or devulcanized rubber. However, these
regenerated rubber products tend to lower physical properties of a rubber composition compound
when added. In particular, weak interfaces between the matrix rubber and the regenerated rubber
is a main contributor to reduction of tensile properties at high temperatures.

[004] The present invention focuses on a process for improving interactions between the
matrix rubber and the regenerated rubber of either cured particles, crumbs and/or molecules or

partially devulcanized rubber by using a solution mixing technology.



WO 2025/145012 PCT/US2024/062069

SUMMARY

[005] In a first aspect, disclosed is a method for preparing a rubber blend product, the
method includes mixing a regenerated rubber and a first solvent to form a regenerated rubber
slurry; separately mixing a rubber component, such as a synthetic rubber, natural rubber and/or a
non-regenerated rubber, and a second solvent to form a rubber mixture; blending the regenerated
rubber slurry and the rubber mixture to form a rubber blend mixture; and further removing a
portion of the first solvent and a portion of the second solvent from the rubber blend mixture to
form a rubber blend product.

[006] In an example of aspect 1, the regenerated rubber and/or the rubber (e.g., a non-
regenerated rubber) are solid when mixed with the first solvent or second solvent.

[007] In another example of aspect 1, the regenerated rubber slurry includes the regenerated
rubber in a solids content in the range of 1-15 weight percent based on the total weight of the
regenerated rubber slurry.

[008] In another example of aspect 1, the blending of the regenerated rubber slurry and the
rubber mixture is carried out under low shear conditions.

[009] In another example of aspect 1, the blending of the regenerated rubber slurry and the
rubber mixture is carried out in a water bath for controlling the temperature of the rubber blend
mixture. In other examples, the temperature of the rubber blend can be controlled in method
known in the art, for instance, steam jacketed vessel, water heated jacketed vessel, and the like.
[0010] In another example of aspect 1, the blending of the regenerated rubber slurry and the
rubber mixture, arranged in a container, is carried out by shaking, agitating or rotating the
container.

[0011] In another example of aspect 1, the regenerated rubber slurry contains only the
regenerated rubber and the first solvent. In an example, the regenerated rubber slurry if free of
water and is a non-aqueous slurry.

[0012] In another example of aspect 1, the regenerated rubber slurry is formed by mixing the
components at a temperature in the range of 10-55 °C or 15-35 °C and/or at a pressure in the

range of 2.75 to 115 psia.
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[0013] In another example of aspect 1, the regenerated rubber in the regenerated rubber
slurry swells in the first solvent to form swollen regenerated rubber (e.g., particles or molecules).
The swollen regenerated rubber provides open areas in the swollen matrix for incorporating
portions of the rubber in the rubber mixture.

[0014] In another example of aspect 1, the swollen regenerated rubber occupies more volume
as compared to non-swollen and/or the starting dry regenerated rubber used during mixing with
the first solvent for forming the regenerated rubber slurry.

[0015] In another example of aspect 1, the rubber of the rubber mixture penetrates or
becomes entangled with one or more portions of the swollen regenerated rubber of the
regenerated rubber slurry during blending. The blending forms intertwined material that
includes a swollen regenerated rubber intertwined with a rubber.

[0016] In another example of aspect 1, the rubber is a natural rubber, a natural rubber derived
from a guayule plant or is a guayule natural rubber cement. In an example, the guayule natural
rubber cement is fed from separate vessel to a tank for forming the rubber mixture.

[0017] In another example of aspect 1, the rubber mixture includes the rubber in a solids
content in the range of 5-30 or 5-15 weight percent based on the total weight of the rubber
mixture.

[0018] In another example of aspect 1, the rubber mixture contains only natural rubber and
the first solvent or only a non-regenerated rubber and the first solvent.

[0019] In another example of aspect 1, the rubber mixture is formed at a temperature in the
range of 15-55 °C and/or at a pressure in the range of 2.75 to 115 psia.

[0020] In another example of aspect 1, the first solvent and/or the second solvent includes a
hydrocarbon solvent. In an example, the hydrocarbon solvent is hexane or butene. In an
example, the first and/or second solvent is an organic solvent or a non-aqueous solvent.

[0021] In another example of aspect 1, the second solvent includes a ketone solvent or a
polar solvent. In an example, the ketone or polar solvent is acetone.

[0022] In another example of aspect 1, the rubber blend mixture includes a weight ratio of
the rubber to the regenerated rubber of 2:1 to 100:1, preferably 5:1 to 30:1. In another example,
the weight ratio of the rubber to the regenerated rubber is 5:1 to 25:1 or 15:1 to 25:1.

[0023] In another example of aspect 1, the regenerated rubber slurry and the rubber mixture

are blended in a vessel with agitation for at least 10 minutes, for example at least 10 to 120
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minutes, and at a temperature in the range of 15-35 °C or 20-55 °C and/or at a pressure in the
range of 2.75 to 115 psia. In an example, the vessel is a continuous stirred tank reactor.

[0024] In another example of aspect 1, a portion of the first solvent and the second solvent in
the rubber blend mixture is removed with a desolventizer, for example, the solvent is removed at
a temperature in the range of 90-130 °C. In an example, the desolventization can be
accomplished by drum drying, extruder drying, vacuum drying, and spray drying.

[0025] In another example of aspect 1, the portion of the first solvent and the second solvent
in the rubber blend mixture is removed under a vacuum in the range of -750 to 0 mmHg, or -50
to 0 mmHg, for example, in the desolventizer.

[0026] In another example of aspect 1, the rubber blend product has less than 2.5 or less than
5 weight percent of the first solvent, the second solvent, or a combination thereof based on the
total weight of the rubber blend product.

[0027] In another example of aspect 1, the rubber blend product has a total moisture content,
for example the total of the first and second solvents, of less than 5, preferably less than 2.5
weight percent based on the total weight of the rubber blend product.

[0028] In another example of aspect 1, the rubber blend product includes 1-50, 4-20 or 2-8
parts by weight of the regenerated rubber for every 100 parts by weight of the rubber.

[0029] In another example of aspect 1, the rubber blend product includes portions of the
regenerated rubber having a rubber matrix intertwined with portions of the rubber (e.g., non-
regenerated rubber). For example, regenerated rubber particles include a matrix that has
intertwined with the rubber. In another example, the rubber blend product can have a
crosslinked rubber network.

[0030] In a second aspect, disclosed is a rubber product that includes a blend of regenerated
rubber and natural or synthetic non-regenerated rubber. In an example, the blend of regenerated
rubber and natural or synthetic non-regenerated rubber is prepared by the method of aspect 1 or
any combination of the examples of aspect 1.

[0031] In an example of aspect 2, a rubber composition includes the rubber product.

[0032] In an example of aspect 2, a tire includes the rubber product or a rubber composition
that includes the rubber product.

[0033] In an example of aspect 2, the rubber product or a rubber composition that includes

the rubber product is included in a tire component, for example, a tread or sidewall.
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[0034] The above aspects (or examples of those aspects) may be provided alone or in
combination with any one or more of the examples of that aspect or another aspect discussed
above; e.g., the first aspect may be provided alone or in combination with any one or more of the
examples of the first aspect, second aspect, third aspect or other aspects discussed above.

[0035] Additional features and advantages will be set forth in the detailed description which
follows, and in part will be readily apparent to those skilled in the art from that description or
recognized by practicing the embodiments as described herein, including the detailed description

which follows, the claims, as well as the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] The present disclosure is better understood when the following detailed description is
read with reference to the accompanying drawings.

[0037] FIG. 1 shows a process diagram for preparing a rubber blend product according to an
embodiment of the present invention.

[0038] FIG. 2 shows an example illustration of non-regenerated rubber intertwined with

swollen regenerated rubber according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0039] The terminology as set forth herein is for description of the embodiments only and
should not be construed as limiting the invention as a whole.

[0040] Herein, when a range such as 5-25 (or 5 to 25) is given, this means preferably at least
or more than 5 and, separately and independently, preferably not more or less than 25. In an
example, such a range defines independently 5 or more, and separately and independently, 25 or
less.

[0041] The present disclosure relates to methods of preparing rubber blends that achieve a
non-regenerated rubber source (e.g., natural rubber) being in direct contact with regenerated

rubber and/or portions of the non-regenerated rubber source penetrating into regenerated rubber,
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for instance, regenerated rubber molecules or particles. The regenerated rubber is prepared by
allowing the regenerated rubber to be in contact with a fluid (e.g., solvent, organic solvent, non-
aqueous solvent) for a period of time to form a swollen version of the regenerated rubber having
a larger volume and open voids or expanded sections for contact with the non-regenerated
rubber. The swollen regenerated rubber is brought into contact with the non-regenerated rubber
source for forming a rubber blend mixture that includes the non-regenerated rubber being inter-
mixed with the swollen regenerated rubber to form an intertwined rubber matrix of regenerated
rubber and non-regenerated rubber. Fluids such as non-aqueous solvents can be removed from
the rubber blend to for a rubber blend product of regenerated rubber and non-regenerated rubber
for use in rubber compositions. The rubber compositions can be used in forming one or more
components of a tire or other rubber article (e.g., hose).

[0042] For the regenerated rubber of the rubber blend, various forms of rubber can be used,
for example, rubber recovered from end-of-life tires, reclaimed rubber, ground rubber,
devulcanized rubber or combinations thereof. The suitable rubber species of the regenerated
rubber are not Himited, and may inchude one or more selected from a natural rubber and a
synthetic rubber. Examples of g synthetic rubber, where a diene rubber is typical, include s
polyisoprene rubber, a styrens-butadiene copolymer rubber, a high-cis-1 4-polybutadiene nubber,
a low-cis-1 4-polvbutadiene rubber, an ethylene-propylene-diene terpolymer, a chioroprene
rubber, a butyl rubber, a halogenated buty! rubber, an acrylonitnie-butadiene rubber, and
combinations thereot. In one or more embodiments, a reclaimed rubber can be used and canbe a
pawdered yubber or sours rubber, which i a vulcanized powdered rubber recyeled from waste
rubber products {reclaimed powdered rubber.

[0043] In other embodiments, a recycled particulate rubber can be used as the regenerated
rubber. Recyoled particutate rubber is typically broken down and reclaimed and/or recycled by
any number of processes, which can include mechanical / physical breakdown, grinding,
chemical breakdown, devulcanization, grinding {e.g., oryogenic), 3 combination thereof, etc. The
oo recyoied particulate rubber can refate o both vulcanized and devulcanized rubber, where
devulcamzed recyele or recycled rubber relates to rubber which bas been vulcanized, ground mto
particulates and may have further undergone substantial or partial devanlcanization. For instance,
the recycled particulate rubber used is essentially free of devalcamzation. In a situstion where

the vulcanized rubber contains wire or textile fiber reinforcement, such wire or reinforcement



WO 2025/145012 PCT/US2024/062069

can be removed by any suitable process such as magnsetic separation, air aspiration and/or air
flotation step. In some examples, the recycled particulate rubber includes cured, 1.¢, vulcanized
{cross-tinked) rubber that has been ground or pulverized into particulate matter having a mean
average particle size.

[0044] o one or more embodiments, the regeneraied rubber may be in particulate form such
that the rubber particulates have a mean average particle size of about 35 to about 600 microns,
welnding 35 to 600 mucrons, about 100 to sbont 350 microns, 100 to 350 mycrous, about 150 to
about 230 microns, and 150 1o 250 microns. The average particle size may be measured by any
conventional means known in the art, for instance, methods according 10 ASTM DSod4 In
certain embodiments, the regenerated rubber may correlate to a U S mesh size of about 400 o
about 25, including 400 to 25, about 300 to about 100, 300 to 100, gbout 250 to about 130, and
250 1o 150

[0045] The regencrated rubber 15 blended with the non-regenerated rubber {2.2., natural
rubbery for forming the rubber blend nuxture. For mixing the two rabber components, the
regenerated rubber miay be provided with one or more solvents. The one or more solvents can be
an organic solvent. In one or more embodiments, the solvents can be a hydrocarbon solvent,
which inehudes non-polar and polar hydrocarbon solvents and combinations thereof. The non-
polar hydrocarbon solvent may include Cs 1o Cuo straight chain hydrocarbons, Csto Cie branched
chain hydrocarbons, T« 1o e cyclic hydrocarbons, Usto T aromatie bydrocarbons, and
mixtures thereof. In one or more embodiments, the solvents used to prepare the rubber blend
mixture are non-agueons such that the rubber blend yoorture i free of or substantially free of
water.

[0046] In other embodiments, the non-polar hydrocarbon solvent inchudes a pentane such as
cyclopentane, n-peniane, ise-pentane, neo-pentans, and mixtures thereof. Yet in other
embodiments, the non-polar hydrocarbon sobvent includes a hexane such as n-hexane, 130~
hexane, J-methyipentant, 2 3-dimethylbutase, neo-hevane, cvclohexane, and mixinres thereof. In
these or other embodiments, the non-polar hydrocarbon solvent includes a Ce to Cro aromatic
hydrocarbon such as benzene, toluene, o-xylene, m-xylene, p-xviene, ethyvibenzene, 1,23~
trimsethyibenrene, 1,2, 4-trimethyibenzens, mesitylene, 2-ethylicluene, S-ethyvitoluens, 4-
ethylioluene, and mixtures thercof In these or other emboduments, the hydrocarbon solvent

inciudes a polar organic sobvent such as acetone, C:-{salcohols, 2-Cy diols, propane, n-butane,
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isobutane, propene, 1-butene, isobutene, trans-2-butene, cis-2-butene, 1-pentene and mixiures
thereof

[0047] The rubber source for the non-regenerated rubber can be at least one of

natural rubber, disclosed below, and synthetic diene-based rubbers. As the synthetic diene-
based rubber is preferable one synthesized through emulsion polymerization or solution
polymerization. As the synthetic diene-based rubber are concretely mentioned

polyisoprene rubber, styrene-butadiene copolymer rubber, polybutadiene rubber, ethylene-
propylene-diene rubber, chloroprene rubber, halogenated butyl rubber, acrylonitrile-

butadiene rubber and so on.

[0048] As a natural rubber source, any suitable natural rubber from a sustainable source may
be used for mixing with the regenerated rubber. In one example, a natural polyisoprene may be
used. As uaed herein, the term “natural polyisoprene” refers to a polymer conaisting essentially
of cis-1 4-polyisoprene. Pure cis-1, d-polyisoprene is found 1n various trees, shrubs and plants,
e.g., Hevew braxifiensis, (e, the Amazonian rabber tree), Castilln elostica (e | the Panama
subber tree), various Landopfiia vines (. &irkii, L. fiendelotic, and L. owariensis}, various
dandelions (L e, Toravacum species of plants), and Fardhienion argentatum (guayule shrubs).
Although the present disclosure focuses on guavule as the source of the cis-1 d-polyisoprene
used in various embodiments of a rubber blend method herein, the processes disclosed herein
should not be viewed as being limited to only guayule as the source for cis-1,4-polyisoprene.
[0049] In certain embodiments, one of the naturally sourced and renewable rubbers above,
such as natural rubber, including Hevea and/or guayule rubber, or natural polyisoprene is
selected and consists of the entire natural rubber source for mixing with the regenerated rubber
for forming the blend.

[0050] In some embodiments, the natural rubber source can be present in a cement. As used
herein, the torm “cement” refers 10 a rubber cement, wiuch 15 & solution comprising natural
polyisoprene dissolved 1o one or more organic solvents. In various embodiments, a cement may
melude a single organic solvent {e.g., cyclohexane, acetone), or a blend of solvenis as the diluent
for the natural rubber,

[0051] The non-regenerated rubber source for blending with the regenerated rubber is
provided with one or more solvents, preferably a non-aqueous solvent. The one or more solvents

can be an organic solvent. In one or more embodiments, the solvents can be a hydrocarbon
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solvent, which inchedes non-polar and polar bydrocarbon solvents and combinations thereof

The non-polar hiydrocarbon solvent may nclude Cs 1o O strarght chain hydrocarbons, Csto

Cio branched chain hydrocarbons, Csto Cu oyelic bydrocarbons, Csto T aromatic
hydrocarbons, and mirtures thereof. In various embodiments, particular combinations of solvents
provide an azeotropic mixture, thus simplifyving reruoval of the solvenis at a later stage.

[0052] I particular embodiments, the non-polar hydrocarbon solvent includes 2 penfanse
such as cyclopentane, v-pentane, 1so-pentane, neo-peniane, and mixtures thereol In these or
other embodiments, the non-polar hydrocarbon solvent inclodes a hexane such a3 n-hexane, 150~
hexane, 3-methylpentant, 2.3-dimethylbutane, nec-hexane, oyvclohexane, and mixtures thereof In
these or other embodiments, the non-polar bydrocarbon solvent includes a Ue to Cy aromatic
hydrocarbon such as benzene, toluene, o-xylene, m-xylene, p-xviene, cthyibenzene, 1,2,3-
trimethyibenzene, 1,2 danimethylbenzene, mesitylens, Z-ethyitohuene, J-ethyltoluene, 4-
sthyltoluens, and mixtures thereof. In these or other embodiments, the hydrocarbon solvent
includes a polar organic solvent such as acetone, Ci-Ca aleohols, Co-Ca dicls, propane, n-butane,
isobutane, propene, 1-butene, isobutene, trans-2-butene, cis-2-butene, 1-pentene and mixiures
thereof

[0053] The regenerated rubber and solvent, a first solvent, is blended with the non-
regenerated rubber that may be provided with another solvent, a second solvent, to form a rubber
blend mixture. The first and second solvents may be the same or different, or share at least one
common solvent if multiple solvents make up the first and/or second solvent. Combining the
rubber components can take place in a vessel, tank or suitable container such that the rubber
components can be introduced by conventional means (e.g., a transfer pump). The regenerated
rubber and solvent and/or the non-regenerated rubber and solvent may be pre-mixed prior to
being introduced to each other for blending.

[0054] Multiple aspects of the processes disclosed herein are conducted at a temperature or
temperatures of 10-80° C. (i.e., different aspects of the process may be conducted at the same
temperature or at different temperatures). For example, the regenerated rubber and solvent may
be mixed in a vessel or similar suitable container to form a mixture or regenerated rubber slurry.
The regenerated rubber and solvent can be mixed at any suitable temperature, for example, in a
range of 15 to 55° C or at ambient or room temperature, 20 to 25° C and/or at a pressure in the

range of 2.75 to 115 psia.
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[0055] The regenerated rubber is present in the range of 1 to 30, 2 to 20 or 3 to 12 weight
percent based on the total weight of the mixture or regenerated rubber slurry. The solvent or
solvents is preferably present in the mixture or regenerated rubber slurry in the range of 70 to 99,
75 to 98 or 80 to 95 weight percent based on the total weight of the mixture. The regenerated
rubber and first solvent can be mixed, preferably at low shear and/or non-homogenized
conditions, for any suitable time, preferably to permit the regenerated rubber or particles or
molecules thereof time to swell for incorporation into the matrix or free chains of the non-
regenerated or natural rubber, for instance, 10 minutes to 2 hours, 15 minutes to 1.5 hours, 25
minutes to 1 hour, or 30 minutes, 35 minutes or 45 minutes. In one or more embodiments, the
low shear or non-homogenized mixing can be carried out for 2 hours to 2 weeks, 4 hours to 1
week, or 6 hours, 12 hours, 24 hours, 48 hours or 72 hours.

[0056] The formation of the mixture or regenerated rubber slurry allows the regenerated
rubber to swell in the presence of the solvent or solvents to form swollen regenerated rubber,
which can be in the form ofparticles or be described as molecules. The use of an organic solvent,
as opposed to water, allows the regenerated rubber to swell, which is generally not achievable
with use of water. The swollen regenerated rubber has an increased size or volume as compared
to the regenerated rubber used to form the slurry. The swelling of the regenerated rubber is
believed to open the rubber to create open voids or areas for easier penetration or intermixing
with the non-regenerated rubber.

[0057] The non-regenerated rubber and solvent may be mixed in a vessel or similar suitable
container to form a non-regenerated rubber mixture. The non-regenerated rubber and solvent can
be mixed at any suitable temperature, for example, in a range of 15 to 35° or 55° C or at ambient
or room temperature, 20 to 25° C and/or at a pressure in the range of 2.75 to 115 psia. The non-
regeneratedrubber is present in the range of 1 to 30, 2 to 20 or 3 to 12 weight percent based on
the total weight of the rubber mixture. The solvent or solvents is preferably present in the rubber
mixture in the range of 70 to 99, 75 to 98 or 80 to 95 weight percent based on the total weight of
the mixture.

[0058] In another example, a natural rubber-containing cement, inclusive of the
polymerization solvents and natural rubber source, can be used for mixing with the regenerated
rubber and solvent. The natural rubber-containing cement can include the natural rubber source

present in the range of 5 to 30, 10 to 25 or 12 to 20 weight percent based on the total weight of

10
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the cement, with the remaining weight being the primarily the polymerization solvents, for
instance, at 70 to 99, 75 to 98 or 80 to 95 weight percent. In one example, the blend of
polymerization solvents of the natural rubber-containing cement includes one or more of a
hexane and acetone. Hexanes can include at least one of an isohexane and a cyclohexane.

[0059] During mixing to form the rubber blend mixture, the total non-regenerated or natural
rubber to total regeneratedrubber amounts can be present in a weight ratio in the range of 100:1
to 100:50, 100:2 to 100:30, 100:3 to 100:20 or 100:4 to 100:15.

[0060] The regenerated rubber and first solvent and non-regenerated rubber and second
solvent can be mixed for any suitable time to uniformly distribute the rubber components and
allow direct contact between the regenerated rubber and the non-regenerated rubber in the first
and second solvents. The mixing step can be broken up into segments if desired depending on a
particular process or equipment availability. In another example, the regenerated rubber and first
solvent and non-regeneratedrubber and second solvent can be mixed at a constant temperature or
within an ambient or room temperature range before being allowed to cool, if needed, to about
the range of 20° to 30° C. In yet another example, the regenerated rubber and first solvent and
non-regeneratedrubber and second solvent can be mixed for 25 minutes to 4 hours, 35 minutes to
2.5 hours, 45 minutes to 2 hours, or 60 minutes, 1.5 hours or 2 hours. Mixing times can be
adjusted depending on the shear force applied to the rubber components. For instance, mixing
time can be measured by residence time in a vessel equipped with an agitator or mixing means
posited in the vessel. In another example, mixing time can be measured by the passage of the
rubber components and solvents through a recycle loop that contains a mixing apparatus (e.g., a
pump, static mixer, homogenizer, throttle valve, etc.), taking into account the volume of the
recycle loop and the number of cycles through the loop.

[0061] In one or more embodiments, the non-regenerated regenerated rubber and first solvent
and non-regenerated rubber and second solvent are mixed under low shear mixing to the rubber
blend mixture. One example of low shear mixing is agitation. Agitation can be achieved by
shaking or rotating a container containing the regenerated regenerated rubber and first solvent
and non-regenerated rubber and second solvent.

[0062] After mixing, the rubber blend mixture can be stored for later use or transferred

directly to a downstream process. A downstream process can include solvent removal to reduce

11
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or entirely eliminate the presence of any residual polymerization solvents, first or second solvent
in the rubber blend mixture.

[0063] In one or more embodiments, the rubber blend mixture can be pre-heated in a vessel
or desolventizer to remove any solvent present from mixing the regenerated rubber and natural
rubber. The desolventizer or vessel may include moving components for further agitating and
mixing of the rubber blend mixture. Operation of the mixing step in a desolventizer can
beneficially remove solvents from the mixture and reduce or eliminate downstream operations
that address solvent removal of the formed rubber blend mixture. Temperature in a desolventizer
can be maintained above the boiling point of the solvents but below that of the rubber
components, for example, in the range of 60° to 140° C, or 80° to 130° C. The vessel or
desolventizer may be equipped with an agitator or other mixing means in order to carry out the
mixing step on the rubber components for forming the rubber blend mixture.

[0064] In other embodiments, the rubber blend mixture is de-solventized. Practice of these
embodiments of the invention are not necessarily limited by the methods used to remove solvent
from the rubber blend mixture. The skilled person will appreciate that several methods can be
used to remove the solvent from the rubber blend mixture and thereby provide a de-solventized
rubber blend, which may also be referred to as a rubber blend product or a dried rubber blend. In
one or more embodiments, the de-solventized rubber blend product includes less than 5 wt %, in
other embodiments less than 2 wt %, and in other embodiments less than 0.5 wt % solvent (e.g.
less than 0.25 weight percent volatile organic compounds) based on total weight of the rubber
blend product.

[0065] In one or more embodiments, the rubber blend mixture is directly desolventized,
which refers to a process whereby the solvent is separated from the solids portion of the mixture
(i.e. separated from the polymer and regenerated rubber) to form a product that is substantially a
solid composite of the polymer and regenerated rubber. This can be distinguished from indirect
desolventization methods such as steam desolventization whereby water is added to drive off the
solvent and thereby produce a composition that would include water and polymers, whereas the
rubber blend product is substantially free of water or devoid of water. Direct desolventization
techniques, as well as the equipment for performing these methods, are generally known in the
art. For example, the temperature of the rubber blend mixture can be increased or maintained at a

temperature sufficient to volatize the solvent. Also, the pressure within the vessel in which the
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desolventization is conducted can be decreased, which will assist in the volatilization of solvent.
Still further, the rubber blend mixture can be agitated, which may further assist in the removal of
solvent from the masterbatch. In one embodiment, a combination of heat, decreased pressure,
and agitation can be employed.

[0066] The rubber blend product can also be used to prepare a rubber composition, for
example, a rubber composition for use as a component of a vehicle tire. The rubber composition
can include other components as known in the art and can include, but are not limited to,
elastomers, fillers, accelerators, cure packages, sulfur, zinc oxide, waxes, processing oils, ozone
agents, antioxidants, and the like. The liquid components of the dispersion can be removed,
primarily the solvents, and the remaining rubber component (e.g., particles or molecules) can be
dried for incorporation into a rubber composition. The liquid components can be removed as
known in the art, for instance, by oven drying, vacuum evaporation, spray drying or the like.

The rubber components from the blend can be incorporated into the ingredients of the rubber
composition as known in the art, for example, in a Banbury mixer, a kneader, an extruder and the
like.

[0067] Turning to FIG. 1, there is shown tank 14 for forming the regenerated rubber slurry
by feeding regenerated rubber 10 and one or more organic solvents 12 to tank 14. The fed
components 10, 12 are mixed in tank 14 by suitable mixing equipment. The components 10, 12
are subjected to a mixing step that applies mixing and shear forces, preferably with low shear
force, to form a slurry. The mixing step can be carried out in tank 14 by using a motorized
mixing element mounted in the tank. A mixing element can be positioned or mounted in tank
14, or in any similarly suitable vessel, at desirable. For example, a mixing element can be top-
mounted in a tank or alternatively bottom-mounted. Alternatively, the slurry can be mixed in
tank 14 by transferring the components 10, 12 through a recycle loop equipped with a mixer.
The recycle loop is in fluid communication with tank 16 and reintroduced the mixed slurry back
into tank 14 after passing through a mixer mounted in-line in the recycle loop.

[0068] The regenerated rubber of stream 10 is preferably mixed sufficiently in solvent 12 to
swell such that the slurry 16 contains swollen regenerated rubber. Alternatively, in addition to or
separately the regenerated rubber of tank 14 is fed to vessel 30 and allowed to swell in the
presence of the non-regenerated and/or natural rubber mixture or prior to the introduction of the

non-regenerated rubber mixture to vessel 30.
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[0069] For forming the non-regenerated rubber mixture, a non-regenerated or natural rubber
source 20 and one or more organic solvents 22 are fed to tank 24, which can be equipped with
mixing equipment for forming a mixture. The mixing equipment for tank 24 can be as described
for tank 14. In other examples, a natural rubber cement including polymerization solvents can be
fed to tank 14 as a natural rubber source. One or more organic solvents 22 can optionally be fed
to tank 14 to be mixed with the natural rubber cement, for instance, to reduce the solid content of
the natural rubber mixture to be less than that in the cement. To aid in flowability and transport,
the natural rubber cement can be at a higher temperature and/or tank 14 can be equipped with a
heating means, for example a steam jacket or heating coils, to maintain cement at a temperature
above the solubility temperature for the natural rubber in the cement.

[0070] The regenerated rubber slurry 16 and non-regenerated rubber mixture 26 are
transferred, for example by a pump, to vessel 30 that applies mixing and shear forces to the
rubber components to form a rubber blend mixture 34. The mixing step can be carried out in
tank 30 as shown by using a motorized mixing element 32 mounted in the tank. A mixing
element 32 can be positioned or mounted in tank 30, or in any similarly suitable vessel, at
desirable. During mixing, the non-regenerated rubber from the non-regeneratedrubber mixture
26 directly contacts the pre-formed swollen molecules of regenerated rubber. The rubber makes
intimate contact with swollen molecules of regenerated rubber and some non-regenerated rubber
will penetrate the swollen regenerated rubber molecules.

[0071] In one or more embodiments, a second non-regenerated rubber, as described herein,
may be added to the rubber blend mixture. The second non-regenerated rubber can be added
directly to tank 30 followed by further mixing to incorporate the second non-regenerated rubber
into the rubber blend mixture. The second non-regenerated rubber can be added to the rubber
blend mixture in a stream that contains a second non-regenerated rubber and one or more organic
solvents, wherein the solvent can be the same solvent or solvents used to form the rubber blend
mixture. In another example, the second non-regenerated rubber can be added to tank 30 along
with non-regenerated rubber mixture 26 and regenerated rubber slurry 16 to be mixed to form the
rubber blend mixture 34. In another example, the second non-regenerated rubber can be added to
the rubber blend mixture downstream of tank 30, for instance, in a separate mix tank, which can

be upstream of desolventizer 40, or in an instream mixing element such as an inline mixer.
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[0072] The formed rubber blend mixture including swollen regenerated rubber intertwined
with non-regenerated rubber is transferred to a holding tank for future use or downstream
processing, or simply retained in tank 30 with or without constant agitation. Downstream
processing can include solvent removal or direct incorporation into components of a rubber
composition for tires. Tank 30 can also be equipped with heating means to promote further
solvent removal or be in fluid communication with a solvent removal system to form a rubber
blend product being substantially free of hydrocarbon solvents, for instance, one or more
solvents used in the polymerization of the natural rubber cement.

[0073] In one or more embodiments as shown in FIG. 1, the rubber blend mixture 36 formed
in vessel 30 is fed to a desolventizer 40 that further mixes the rubber blend and removes solvent
in the blend to form a rubber blend product 42 of regenerated rubber, non-regenerated rubber and
portions of non-regenerated rubber intertwined or in a matrix with regenerated rubber.
Temperature in a desolventizer 40 can be maintained above the boiling point of any solvents in
the rubber blend mixture 36 (e.g., polymerization solvents), for example, in the range of 60° to
140° C, 80° to 120° C, or 90° to 115° C. The desolventizer 40 can also subject the rubber blend
mixture 36 to a vacuum condition for removal of the one or more remaining solvents or other
residual volatiles. The rubber blend mixture 36 can be exposed to a vacuum in the range of -750
to 0 mmHg.

[0074] The rubber blend product 42 substantially free of solvents can be separated and
vacuum dried for further compounding in a rubber composition for tires or other rubberized
items. The formed rubber blend product may have a non-regenerated or natural rubber to
regenerated rubber weight ratio of 100:1 to 100:20, 100:1 to 100:15, 100:1 to 100:10 or 100:1 to
100:8. In other examples, the rubber blend produce may include regenerated rubber in a range of
1 to 20 phr, 1to 15 phr, 1 to 10 phr or about 2, 3, 4, 5, 6, 7, 8 or 9 phr, wherein phr stands for
part per hundred non-regenerated or natural rubber (e.g., guayule rubber) in the rubber blend
product.

[0075] As shown in FIG. 2, the natural rubber, which can also be any non-regenerated rubber
(not shown), in the rubber blend mixture is dispersed in one or more solvents such that the
natural rubber contacts swollen regenerated rubber and becomes intertwined to form matrix of
regenerated rubber and non-regenerated or natural rubber. As the solvent is removed from the

rubber blend mixture, for example by a desolventizer, a rubber blend product forms and the
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matrix of regenerated rubber and non-regenerated rubber become unswollen and are secured
together for use in a rubber composition. The method of mixing natural rubber with swollen
regenerated rubber improves the interactions between the matrix rubber or natural rubber and the

regenerated rubber in the blend by using solution mixing technology.

EXAMPLES

[0076] The following examples illustrate specific and exemplary embodiments and/or
features of the embodiments of the present disclosure. The examples are provided solely for the
purposes of illustration and should not be construed as limitations of the present disclosure.
Numerous variations over these specific examples are possible without departing from the spirit
and scope of the presently disclosed embodiments. More specifically, the particular solvents,
rubber components, rubber composition components and other ingredients utilized in the
examples should not be interpreted as limiting since other such ingredients consistent with the
disclosure in the Detailed Description can utilized in substitution. That is, the particular
ingredients in the compositions, as well as their respective amounts and relative amounts should

be understood to apply to the more general content of the Detailed Description.

EXAMPLE 1

[0077] Regenerated rubber and styrene butadiene rubber blend mixture

[0078] Eight samples of styrene butadiene rubber (SBR) and regenerated crumb rubber or
devulcanized rubber were prepared in glass bottles. Each sample was prepared with hexane
solvent. The rubber contents in parts per hundred SBR of each bottle are shown below in Table
l.

[0079]  Table 1

Rubber Sample | Sample | Sample | Sample | Sample | Sample | Sample | Sample
1 2 3 4 5 6 7 8

SBR 100 100 100 100 100 100 100 100

40 mesh 15 30

crumb rubber
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Devulcanized 15 30

rubber

80 mesh 15 30

crumb rubber

200 mesh 15 30

crumb rubber

[0080] Glass bottles were filled with SBR, a specified amount of rubber and hexane. The
filled bottles were placed in a water bath maintained at a temperature of 50° C. The bottles were
slowly spun in the water bath over 48 hours to initiate a low shear mixing before removing the
bottles from the water bath and storing at room temperature for three weeks. Bottles containing
samples 1-2 and 5-8 yielded rubber blend mixtures that appear uniform and homogenous. Bottle
3 and 4 containing samples with the devulcanized rubber had visible separation of the rubber and
hexane solvent with the rubber at the bottom of the bottles with clean solvent above. Samples
from bottles 3 and 4 were not further used to prepare a dry rubber blend product.

[0081] Samples from bottles 1-2 and 5-8 were drum dried to prepare dry masterbatch
samples for incorporation into a rubber composition. The dry samples yielded 115 or 130 parts
of a dry rubber blend product (i.e. 100 parts SBR + 15 parts crumb rubber or 100 parts SBR + 30
parts crumb rubber). Rubber compositions containing the dry rubber blend products (i.e. Stocks
2,4, 6,8, 10, 12) were prepared in Barbender mixer and compared to the same rubber
compositions without the dry rubber blend products but replaced with separate amounts of SBR
(100 parts) and crumb rubber (15 or 30 parts) (i.e. Stocks 1, 3,5, 7,9, 11). Twelve separate

rubber compositions were prepared as shown below in Tables 2 and 3. Amounts in Table 2 are

in phr.
[0082]  Table 2
Stock 1 Stock 2 Stock 3 Stock 4 Stock 5 Stock 6
Sample 1 115
Sample 2 130
Sample 5 115
SBR 100 100 100
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40 mesh 15 30
crumb
rubber
80 mesh 15
crumb
rubber
Carbon 50 50 50 50 50 50
Black
Processing | 10 10 10 10 10 10
Oil
Stearic 2 2 2 2 2 2
Acid
Wax 2 2 2 2 2 2
6PPD* 1 1 1 1 1 1
Zinc Oxide | 2.5 2.5 2.5 25 2.5 25
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5
TBBS** 0.5 0.5 0.5 0.5 0.5 0.5
MBTS*** 0.5 0.5 0.5 0.5 0.5 0.5
DPG**#* 03 0.3 0.3 0.3 0.3 03
* N'-(4-Methylpentan-2-yl)-N*-phenylbenzene-1,4-diamine
** N-Tertiarybutyl-2-benzothiazole sulfenamide
*¥*% 2 2'-Dibenzothiazole Disulfide
##%% N,N’-Diphenylguanidine
[0083]  Table3
Stock 7 Stock 8 Stock 9 Stock 10 Stock 11 Stock 12
Sample 6 130
Sample 7 115
Sample 8 130
SBR 100 100 100
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80 mesh 30

crumb

rubber

200 mesh 15 30

crumb

rubber

Carbon 50 50 50 50 50 50
Black

Processing | 10 10 10 10 10 10
Oil

Stearic 2 2 2 2 2 2
Acid

Wax 2 2 2 2 2 2
6PPD* 1 1 1 1 1 1
Zinc Oxide | 2.5 25 2.5 2.5 2.5 25
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5
TBBS** 0.5 0.5 0.5 0.5 0.5 0.5
MBTS*** 1 0.5 0.5 0.5 0.5 0.5 0.5
DPG**** |03 0.3 0.3 03 0.3 0.3

* N'-(4-Methylpentan-2-yl)-N*-phenylbenzene-1,4-diamine

** N-Tertiarybutyl-2-benzothiazole sulfenamide

*¥*% 2 2'-Dibenzothiazole Disulfide

##%% N,N’-Diphenylguanidine

[0084] The rheometry of the compositions (Stocks 1-12) was measured according to ASTM
D5289 (ML) and ASTM D2084 (MH). The results of the measurements are shown below in
Table 4.
[0085]  Table 4
ML (dNm) MH (dNm)
Stock 1 2.07 16.34
Stock 2 2.39 16.26
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Stock 3 2.51 15.60
Stock 4 2.60 15.60
Stock 5 2.05 15.81
Stock 6 2.25 16.89
Stock 7 2.38 14.2
Stock 8 2.65 16.86
Stock 9 2.25 15.83
Stock 10 2.18 16.53
Stock 11 2.53 15.32
Stock 12 2.82 16.23

[0086] As shown in Table 4, the Stocks using the prepared rubber blend products from
Samples 1-2 and 5-8 generally evidence essentially the same or significantly higher ML and MH
values as compared to the same composition that replaces the sample rubber blend products with
the same amount of SBR and crumb rubber in a dry blended state.

[0087] For example, Stock 2 exhibited a 15.5% increase in ML, Stock 4 exhibited a 3.6%
increase in ML, Stock 6 exhibited a 9.8% increase in ML, Stock 8 exhibited a 11.3% increase in
ML, and Stock 10 exhibited a 11.5% increase in in ML as compared to their respective
comparative Stocks having unblended SBR and crumb rubber of varying mesh sizes, namely
Stocks 1, 3, 5, 7and 11. In another example, Stock 6 exhibited a 6.8% increase in MH, Stock 8
exhibited a 18.7% increase in MH, Stock 10 exhibited a 4.4% increase in MH and Stock 12
exhibited a 5.9% increase in MH as compared to their respective comparative Stocks having
unblended SBR and crumb rubber of varying mesh sizes, namely Stocks 5, 7, 9 and 11.

[0088] The trend of increasing values of ML and MH for Stocks with the solution
masterbatch of Sample rubber blend products indicates a greater interaction between the SBR
and crumb rubber as compared to SBR and crumb rubber being added in separate quantities.

The dry mixing of the SBR and crumb rubber in Stocks 1, 3, 5, 7, 9 and 11 appears to result in no
penetration or entanglement of free SBR chains with the crumb rubber.

[0089] The dynamic properties, modulus G, of the compositions (Stocks 1-12) were
measured according to ASTM D5992, with conditions of 10 Hz, 0.25% strain and a temperature

sweep from -100° C to 0° C.  The results of the measurements are shown in FIGS. 3, 4 and 5.
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[0090] As shown in FIG. 3, two peaks for each Stocks 2 and 4 that used SBR and Samples 1
and 2 of rubber blend products are closer than the two peaks in each Stocks 1 and 3 that used the
same amount of SBR and crumb rubber in a dry blended state. Notably, the two peaks in each
Stocks 2 and 4 are less distinctive compared with the two peaks for each Stocks 1 and 3. These
two observations indicate more intimate interactions between SBR and crumb rubber in Stocks 2
and 4 compared to Stocks 1 and 3.

[0091] As shown in FIG. 4, two peaks for each Stocks 6 and 8 that used SBR and Samples 5
and 6 of rubber blend products are closer than the two peaks in each Stocks 5 and 7 that used the
same amount of SBR and crumb rubber in a dry blended state. Notably, the two peaks in each
Stocks 6 and 8 are less distinctive compared with the two peaks for each Stocks 5 and 7. These
two observations indicate more intimate interactions between SBR and crumb rubber in Stocks 6
and 4 compared to Stocks 5 and 7.

[0092] As shown in FIG. 5, two peaks for each Stocks 10 and 12 that used SBR and Samples
7 and 8 of rubber blend products are closer than the two peaks in each Stocks 10 and 12 that used
the same amount of SBR and crumb rubber in a dry blended state. Notably, the two peaks in each
Stocks 10 and 12 are less distinctive compared with the two peaks for each Stocks 9 and 11.
These two observations indicate more intimate interactions between SBR and crumb rubber in
Stocks 10 and 12 compared to Stocks 9 and 11.

[0093] The dynamic properties, modulus G’, of the compositions (Stocks 1-12) were
measured according to ASTM D5992, with conditions of 10 Hz, temperature 60° C, and strain
sweep from 0.1% to 16%. The results of the measurements are shown in FIGS. 6, 7 and 8.
[0094] As shown in FIG. 6, the G’ modulus curve was shifted upward to higher values for
Stocks 2 and 4 that used Samples 1 and 2 of rubber blend products as compared to Stocks 1 and
3 that used the same about of SBR and crumb rubber is a dry blended state. It is indicated in FIG.
6 that Stocks 2 and 4 exhibit an increased G’ property and show more intimate interactions
between SBR and crumb rubber in the rubber blend product of Samples 1 and 2 as compared to
Stocks 1 and 3.

[0095] As shown in FIG. 7, the G’ modulus curve was shifted upward to higher values for
Stocks 6 and 8 that used Samples 5 and 6 of rubber blend products as compared to Stocks 5 and
7 that used the same about of SBR and crumb rubber is a dry blended state. It is indicated in FIG.

7 that Stocks 6 and 8 exhibit an increased G’ property and show more intimate interactions
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between SBR and crumb rubber in the rubber blend product of Samples 5 and 6 as compared to
Stocks 5 and 7.

[0096] As shown in FIG. 8, the G’ modulus curve was shifted upward to higher values for
Stocks 10 and 12 that used Samples 7 and 8 of rubber blend products as compared to Stocks 9
and 11 that used the same about of SBR and crumb rubber is a dry blended state. It is indicated
in FIG. 8 that Stocks 10 and 12 exhibit an increased G’ property and show more intimate
interactions between SBR and crumb rubber in the rubber blend product of Samples 7 and 8 as

compared to Stocks 9 and 11.

EXAMPLE 2

[0097] High shear mixed regenerated rubber and styrene butadiene rubber blend mixture
[0098] Two samples of styrene butadiene rubber (SBR) and regenerated crumb rubber (80
mesh) were prepared in a container and allowed to soak for one week at room temperature. Each
sample was prepared with hexane solvent. The rubber contents in parts per hundred SBR of each
bottle are shown below in Table 5.

[0099]  Table s

Rubber Sample 9 Sample 10
SBR 100 100
80 mesh crumb rubber 15 30

[00100] After soaking for one week, the contents of each container were mixed for 10 minues
at 10,500-12,000 rpm using a tabletop homogenizer to achieve high shear mixing. The contents
of each container were dried at 50° C for 4 hours and at -30 in H20 vacuum.

[00101] Dry samples 9 and 10 yielded 115 or 130 parts of a dry rubber blend product (i.e. 100
parts SBR + 15 parts crumb rubber or 100 parts SBR + 30 parts crumb rubber). Rubber
compositions containing the dry rubber blend products (i.e. Stocks 14, 16) were prepared in
Barbender mixer and compared to the same rubber compositions without the dry rubber blend
products but replaced with separate amounts of SBR (100 parts) and crumb rubber (15 or 30
parts) (i.e. Stocks 13, 15). Four separate rubber compositions were prepared as shown below in

Table 6. Amounts in Table 6 are in phr.
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[00102] Table 6
Stock 13 (Dry- Stock 14 (Wet- | Stock 15 (Dry- | Stock 16 (Wet-
RKO008 15) RKO008 15) RKO008 30) RKO008 30)
Sample 9 115
Sample 10 130
SBR 100 100
80 mesh crumb 15 30
rubber
Carbon Black 50 50 50 50
Processing Oil 10 10 10 10
Stearic Acid 2 2 2 2
Wax 2 2 2 2
6PPD* 1 1 1 1
Zinc Oxide 25 2.5 2.5 2.5
Sulfur 1.5 1.5 1.5 1.5
TBBS** 0.5 0.5 0.5 0.5
MBTS*** 0.5 0.5 0.5 0.5
DPG**** 03 03 0.3 03

* N'-(4-Methylpentan-2-yl)-N*-phenylbenzene-1,4-diamine

** N-Tertiarybutyl-2-benzothiazole sulfenamide
**% 2 2'-Dibenzothiazole Disulfide
##:#% N,N’-Diphenylguanidine

[00103]

The dynamic properties, modulus G”’, of the compositions (Stocks 13-16) were

measured according to ASTM D5992, with conditions of 10 Hz, 0.25% strain and a temperature

sweep from -100° C to 0° C.  The results of the measurements are shown in FIG. 9.

[00104]

As shown in FIG. 9, the curves for Stocks 13 and 14 and curves for Stocks 15 and 16

are almost identical. There is no signs of more intimate interactions between SBR and crumb

rubber in the rubber blend product of Samples 9 and 10 as compared to Stocks 13 and 15. Itis

believed that the high shear mixing used to prepare Samples 9 and 10 did not result in the same
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intimate interactions between SBR and crumb rubber as the low shear mixing carried out in
Example 1.

[00105] The tensile properties, stress (MPa), of the compositions (Stocks 13-16) were
measured according to ASTM D412,  The results of the measurements are shown in FIG. 10.
[00106] As shown in FIG. 10, the top line in the chart is for Stock 13 and thus there was no
shift upward in tensile values for Stocks 14 and 16. FIG. 10 indicates that Stocks 14 and 16 did
not exhibit more intimate interactions between SBR and crumb rubber in the rubber blend
product of Samples 9 and 10 as compared to Stocks 13 and 15. It is believed that the high shear
mixing used to prepare Samples 9 and 10 did not result in the same intimate interactions between
SBR and crumb rubber as the low shear mixing carried out in Example 1.

[00107] While various aspects and embodiments of the compositions and methods have been
disclosed herein, other aspects and embodiments will be apparent to those skilled in the art. The
various aspects and embodiments disclosed herein are for purposes of illustration and are not

intended to be limiting, with the true scope and spirit being indicated by the claims.
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CLAIMS:

1. A method for preparing a rubber blend, the method comprising:
a. mixing a regenerated rubber and a first solvent to form a regenerated rubber
slurry;
b. mixing a rubber and a second solvent to form a rubber mixture;
c. blending the regenerated rubber slurry and the rubber mixture to form a rubber
blend mixture;
d. removing a portion of the first solvent and the second solvent from the rubber

blend mixture to form a rubber blend product.

2. The method of claim 1, wherein the regenerated rubber slurry comprises the regenerated
rubber in a solids content in the range of 1-15 weight percent based on the total weight of

the regenerated rubber slurry.

3. The method of claim 1, wherein the regenerated rubber in the regenerated rubber slurry

swells in the first solvent to form swollen regenerated rubber.

4. The method of claim 3, wherein the swollen regenerated rubber has a larger volume as
compared to the regenerated rubber used to mix with the first solvent for forming the

regenerated rubber slurry.
5. The method of claim 1, wherein the rubber in the second solvent is a natural or non-
regenerated rubber of the rubber mixture and penetrates the swollen regenerated rubber of

the regenerated rubber slurry during the blending of step (¢).

6. The method of claim S5, wherein the natural rubber is derived from a guayule plant or a

guayule natural rubber cement.
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10.

11.

12.

13.

14.

15

The method of claim 1, wherein the rubber mixture comprises the rubber in a solids
content in the range of 5-30 weight percent based on the total weight of the rubber

mixture.

The method of claim 1, wherein the rubber mixture of step (b) is formed at a temperature
in the range of 15-35 °C and the regenerated rubber slurry of step (a) is formed at a

temperature in the range of 15-35 °C.

The method of claim 1, wherein the first solvent comprises a hexane, the second solvent

comprises a hexane and/or the second solvent comprises an acetone.

The method of claim 1, wherein the rubber blend mixture comprises a weight ratio of the

rubber to the regenerated rubber of 2:1 to 100:1, preferably 5:1 to 30:1.

The method of claim 1, wherein the rubber blend mixture comprises a weight ratio of the

rubber to the regenerated rubber of 5:1 to 25:1.

The method of claim 1, wherein the regenerated rubber slurry and the rubber mixture are
blended in a vessel with agitation for at least 10 minutes, preferably at least 10 to 120

minutes, at a temperature in the range of 10-55°C or 15-35 °C.

The method of claim 1, wherein the portion of the first solvent and the second solvent in

the rubber blend mixture is removed with a desolventizer.

The method of claim 13, wherein the portion of the first solvent and the second solvent in

the rubber blend mixture is removed at a temperature in the range of 90-130 °C.

. The method of claim 1, wherein the portion of the first solvent and the second solvent in

the rubber blend mixture is removed under a vacuum in the range of -750 to 0 mmHg.
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16.

17.

18.

19.

20.

The method of claim 1, wherein the rubber blend product comprises less than 5 weight
percent of the first solvent, the second solvent, or a combination thereof based on the

total weight of the rubber blend product.

The method of claim 1, wherein the rubber blend product comprises a total moisture
content of less than 5 weight percent, preferably less than 2.5 weight percent, based on

the total weight of the rubber blend product.

The method of claim 1, wherein the rubber blend product comprises 1-50, preferably 4-

20 parts by weight of the regenerated rubber for every 100 parts by weight of the rubber.

The method of claim 1, wherein the rubber blend product comprises portions of the

regenerated rubber having a rubber matrix intertwined with portions of the rubber.

The method of claim 1, wherein the first and/or second solvent is a non-aqueous solvent.
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