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RUBBER WITH RECYCLED CONTENT

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates generally to crumb rubber and more specifically, to

crumb rubber content in rubber compositions.

Description of the Related Art

[0002] In 2005, nearly 300 million tires were generated in the United States and
259 million scrap tires were consumed in end-use markets. Scrap tires are consumed in a
variety of scrap tire markets, including tire-derived fuel, civil engineering and ground
rubber applications. Ground rubber is also known as crumb rubber or recycled rubber.

[0003] Ground rubber applications used about 12 percent of the scrap tires
generated. These applications include, for example, rubber-modified asphalts, molded
products, sports surfacing, animal bedding, new tire manufacturing and horticultural
applications. New tire manufacturing is thought to include about seven percent of the
ground rubber market in the United States. Sources for ground rubber include tire
buffings from retread operations and processed whole scrap tires. Whole scrap tires are
processed by removing the wire and textile to create ground rubber as specified by the
market application.

[0004] Ground rubber is typically classified by particle size or mesh. Mesh is
defined as the number of holes per square inch of a screen used for sorting particles into
different sizes. The higher the number of holes in the screen, the smaller the hole size.
For example, particles that are 100 mesh or smaller are those that will pass through a
screen having 100 holes per square inch of screen.

[0005] Only low amounts of ground rubber, usually less than 5% by weight of
the rubber in the tire, are used in new tires. The addition of higher percentages of ground
rubber has been shown to lower important functional properties such as strain modulus
and tensile strength. There is a need for a rubber composition and a method for
incorporating ground rubber that does not compromise desirable properties of the rubber

composition.
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SUMMARY OF THE INVENTION

[0006] Particular embodiments of the present invention include a cross-linked
rubber composition comprising a diene rubber and a masterbatch material.  The
masterbatch comprises between 50 and 75 wt.% natural rubber and between 25 and 50
wt.% crumb rubber particles, the crumb rubber particles being 40 mesh or smaller.

[0007] Another embodiment of the present invention includes an article
comprising the cross-linked rubber composition, wherein the cross-linked rubber
composition comprises a diene rubber and a masterbatch material. The masterbatch
comprising between 50 and 75 wt.% natural rubber and between 25 and 50 wt.% crumb
rubber particles, the crumb rubber particles being 40 mesh or smaller.

[0008] Particular embodiments of the present invention include a method for
preparing a rubber composition utilizing crumb rubber. The method may comprise mixing
a masterbatch, the masterbatch comprising between 50 and 75 wt.% natural rubber and
between 25 and 50 wt.% crumb rubber particles and mixing the masterbatch with a diene
rubber.

[0009] Particular embodiments of such methods may further include cooling the
masterbatch prior to mixing the masterbatch with the diene rubber. Another embodiment
may include adding an additives package during the step of mixing the masterbatch with a
diene rubber. Still another embodiment of the method includes milling the semi-finished
batch and incorporating a curatives package.

[0010] The foregoing and other objects, features and advantages of the invention
will be apparent from the following more detailed descriptions of particular embodiments

of the invention.

DETAILED DESCRIPTION OF PARTICULAR EMBODIMENTS

[0011] Particular embodiments of the present invention include rubber
compositions, methods of making rubber compositions and articles comprising the rubber
compositions having crumb rubber particles in the rubber compositions. Typically, when
ground rubber is added to a rubber composition certain performance properties deteriorate.
The inventors of the present invention have discovered that if the crumb rubber is

incorporated into the rubber composition through a masterbatch that contains the crumb
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rubber then the resulting rubber composition may be characterized as having comparable
and even enhanced performance properties.

[0012] A masterbatch may be a plastic, rubber, or elastomer mixture in which
there is a high additives concentration. The additives are then added to the final product
composition by adding the masterbatch to the final product composition rather than adding
the additive neat. Examples of masterbatches include rubber with carbon black or plastic
with color pigment. The masterbatch allows for a homogeneous distribution of the
additive throughout the final product composition, in this case, crumb rubber throughout
the rubber mixture.

[0013] Particular embodiments of a cross-linked rubber composition in
accordance with the present invention include a diene rubber and a masterbatch material.
The masterbatch comprises a diene rubber and crumb rubber. Suitable diene rubbers for
the masterbatch may include, for example, natural rubber (NR), polybutadienes (BR),
polyisoprenes (IR), butadiene copolymers, isoprene copolymers and mixtures of these
rubbers. The consistency of the masterbatch is dependant upon the rubber chosen for use.
Some materials may require additional mixing to improve the consistency of the
masterbatch to improve handling properties. In particular embodiments a natural rubber is
the diene rubber used in the masterbatch. The masterbatch material may comprise, for
example, between 50 and 75 wt.% diene rubber or in other embodiments between 60 and
70 wt.% diene rubber. Particular embodiments of the present invention include use of
only a highly unsaturated dienic rubber, such as, natural rubber.

[0014] The masterbatch also comprises crumb rubber. Crumb rubber particles
are characterized by mesh size. As discussed earlier, the mesh size is defined by the
number of holes per square inch of screen so the larger the number of holes, the smaller
are the holes in the screen. Crumb rubber particles are readily available on the market in
40 to 220 mesh sizes. Typically the smaller particles are easier to process and yield better
performance. Particles that are 40 mesh or smaller are particles that pass through a 40
mesh screen. In particular embodiments, the crumb rubber particles are 40 mesh particles
or smaller, 60 mesh particles or smaller, 80 mesh particles or smaller, 120 mesh particles
or smaller or combinations thereof. Smaller particles sizes may also be used in particular
embodiments.

[0015] Crumb rubber particles may be recovered from many types of rubber

products, including from whole tires or from the tread only parts of the tires. Particular
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embodiments of the present invention use crumb rubber particles from tread only
materials. Other embodiments use crumb rubber from whole tires. The tread-only
particles may include, for example, natural rubber and styrene-butadiene rubber. The
whole tire particles may include, for example, natural rubber, styrene-butadiene rubber
and butyl rubber in varying concentrations. Particular embodiments include crumb rubber
that has not been biodegraded with a biologic agent.

[0016] Crumb rubber particles may be ground using a cryogenic process or a
mechanical grinding process. In both processes the steel components are removed using a
magnetic separator and the fiber components are separated by air classifiers or other
separation equipment. In the cryogenic process, shredded rubber is frozen at an extremely
low temperature then shattered into small particles. The mechanical grinding process uses
a variety of grinding techniques, such as cracker mills, granulators, etc. to mechanically
break down the rubber into small particles. Particular embodiments of the present
invention use crumb rubber particles produced using a cryogenic process. Other
embodiments use crumb rubber particles produced through a mechanical grinding process.
A suitable crumb rubber for use in the present invention is, for example, commercially
available under the trade names PolyDyne (80 mesh and smaller particles) from Lehigh
Technologies or Micron (40 mesh and smaller particles & 80 mesh and smaller particles)
from Edge Rubber. PolyDyne from Lehigh is produced using a cryogenic process and
Micron from Edge is produced using a mechanical wet grinding process.

[0017] While not limiting the invention to any particular range of crumb rubber
content, particular embodiments of the present invention include a masterbatch comprising
between 25 and 50 wt.% crumb rubber particles, between 30 and 40 wt.% crumb rubber
particles, between 1 and 60 wt.% crumb rubber particles or between 15 and 50 wt.%
crumb rubber particles.

[0018] Particular embodiments of the present invention include a masterbatch
mixed with a diene rubber to form a semi-finished batch or cross-linked rubber
composition. The diene rubber included in particular embodiments is an essentially
unsaturated diene rubber. Diene elastomers or rubber is understood to mean those
clastomers resulting at least in part (i.e., a homopolymer or a copolymer) from diene
monomers (monomers bearing two double carbon-carbon bonds, whether conjugated or

not). Essentially unsaturated diene elastomers are understood to mean those diene
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clastomers that result at least in part from conjugated diene monomers, having a content of
members or units of diene origin (conjugated dienes) that are greater than 15 mol.%.

[0019] Thus, for example, diene rubbers such as butyl rubbers, nitrile rubbers or
copolymers of dienes and of alpha-olefins of the cthylene-propylene diene terpolymer
(EPDM) type or the ethylene-vinyl acetate copolymer type do not fall within the preceding
definition, and may in particular be described as "essentially saturated” diene elastomers
(low or very low content of units of diene origin, i.e., less than 15 mol.%. Particular
embodiments of the present invention may include no essentially saturated diene
clastomers.

[0020] Within the category of essentially unsaturated diene elastomers are the
highly unsaturated diene elastomers, which are understood to mean in particular diene
clastomers having a content of units of diene origin (conjugated dienes) that is greater than
50 mol.%.

[0021] The diene rubber suitable for use with particular embodiments of the
present invention include highly unsaturated diene rubbers, for example, polybutadienes
(BR), polyisoprenes (IR), natural rubber (NR), butadiene copolymers, isoprene
copolymers and mixtures of these rubbers.

[0022] Also suitable for use in particular embodiments of the present invention
are diene rubbers that are copolymers and include, for example, butadiene-styrene
copolymers (SBR), butadiene-isoprene copolymers (BIR), isoprene-styrene copolymers
(SIR) and isoprene-butadiene-styrene copolymers (SBIR), mixtures thereof and/or with
other essentially unsaturated and /or highly unsaturated rubber elastomers.

[0023] Also suitable for use in particular embodiments of the present invention
are rubber clastomers that include, for example, natural rubber, synthetic cis-1,4
polyisoprenes and mixtures thereof and/or with other essentially unsaturated and/or highly
unsaturated rubber elastomers.  These synthetic cis-1,4 polyisoprenes may be
characterized as possessing cis-1,4 bonds at more than 90 mol.% or alternatively, at more
than 98 mol.%.

[0024] Particular embodiments of the present invention include cross-linked
rubber compositions that provide at least 10 phr parts of crumb rubber. Another
embodiment of the cross-linked rubber composition provides at least 15 phr parts of crumb
rubber in the semi-finished batch. 10-15 phr of the rubber is a measure of crumb rubber

particles present in the total rubber composition that includes both the rubber from the
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masterbatch and the diene rubber in the rubber composition or semi-finished batch. This
amounts to at least 10-15 phr parts of crumb rubber in rubber articles comprising the
cross-linked rubber composition of the invention.

[0025] Particular embodiments of a rubber composition in accordance with the
present invention may further include other components such as, for example, reinforcing
fillers, coupling agents, plasticizers, various processing aids, oil extenders, antidegradants,
or combinations thereof as known to those having ordinary skill in the art. Suitable fillers
include carbon black as well as inorganic fillers ("white fillers") such as silica, alumina,
aluminum hydroxide, clays, calcium carbonate, glass fibers, microspheres, polymeric
fibers such as polyester, nylon, or aramid fibers. Selection of these materials and the
quantities of these materials to use are dependent on the elastomers used and the final
application of the rubber composition and are easily selected by one having ordinary skill
in the art.

[0026] Particular embodiments of the present invention include a masterbatch
mixed with a diene rubber to form a semi-finished batch or cross-linked rubber
composition. The cross-linked rubber composition has a fatigue life, defined as the
number of cycles to failure, that is at least 90% of the fatigue life of an identical
composition without the crumb rubber particles. In another embodiment of the cross-
linked rubber composition the fatigue life is at least 95% of the fatigue life of an identical
composition without the crumb rubber particles. In yet another embodiment of the cross-
linked rubber composition the fatigue life is at least 99% of the fatigue life of an identical
composition without the crumb rubber particles. In still another embodiment of the cross-
linked rubber composition the fatigue life is greater than the fatigue life of an identical
composition without the crumb rubber particles.

[0027] As used herein, fatigue life is measured using ASTM method D 4482-99
where rubber samples undergo a cyclical straining action until failure. Failure is a
complete rupture of the test specimen. Fatigue testing results have shown a large standard
deviation that is compound dependent. Therefore, fatigue is determined as the average of
a set of 12 samples. According to the ASTM method, natural rubber has shown a
narrower distribution than many synthetic rubbers.

[0028] In particular embodiments of the present invention, the masterbatch is
made by combining a diene rubber with crumb rubber particles. For example, the

masterbatch material may be mixed in a Werner and Pfleiderer GK 5 U/K mixer until the
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batch temperature is 170°C. The consistency of the batch is dependent upon the diene
rubber chosen for use. The batch may be further mixed in the mixer to achieve a more
consistent material. The masterbatch material may then be transferred to an external
mixer mill (such as a Lescuyer Villeneuve 300 x 700) for 4 to 7 minutes. Other types of
mixers and mills may be used. The masterbatch forms a thick film on the mill rollers.
The film is cut and removed from the rollers and laid flat to cool for about one hour. This
time may be shortened or extended. The masterbatch material, the additional diene rubber
and the additives package may be mixed in the mixer until the mix reaches 155°C. The
mix may then be placed on the mill and the curatives package incorporated with the mix
while on the mill. The material may then be milled for approximately seven minutes.

[0029] Embodiments of the present invention further include articles comprising
the cross-linked rubber composition. The cross-linked rubber compositions disclosed
herein may be used for various rubber products such as a tread compound, undertread
compound, sidewall compound, wire skim compound, inner liner compound, bead, apex,
any compound used in a tire carcass, including carcass reinforcement and in other
components for tires, industrial rubber products, seals timing belts, power transmission
belting, and other rubber goods. As such, the present invention includes products made
from the cross-linked rubber compositions disclosed herein. One embodiment of this
article is a tire.

[0030] A tire includes many different structures including, for example, the tread,
the sidewall, the undertread, inner liner, bead, apex and tire carcass. The cross-linked
rubber composition of the present invention is particularly suited for use in tire sidewalls.
Such structures and tire architecture are well known to one having ordinary skill in the art
and therefore, a detailed disclosure of such information is neither required nor proper.

[0031] A particular embodiment of the present invention includes methods for
preparing a rubber composition utilizing crumb rubber. The method includes mixing a
masterbatch, the masterbatch comprising between 50 and 75 wt% natural rubber and
between 25 and 50 wt% crumb rubber. The method further comprises cooling the
masterbatch and mixing the masterbatch with a diene rubber. Another embodiment of the
method includes milling the masterbatch for 4 to 7 minutes at a mill temperature of 30°C
prior to mixing the masterbatch with a diene rubber. Still another embodiment of the
method includes sub-steps to the mixing the masterbatch with a diene rubber step that

includes adding all ingredients except for the curatives package to the mixer and removing
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from the mixer at 155°C and milling the semi-finished batch for seven minutes. Another
embodiment of the method includes incorporating a curatives package during the milling
the semi-finished batch step.

[0032] The invention is further illustrated by the following example, which is to

be regarded only as an illustration and not delimitative of the invention in any way.

Example 1

[0033] Rubber formulations were prepared using the components shown in Table
1. The amount of each component making up the rubber formulations shown in Table 1
are provided in parts per hundred weight (phr) of the rubber. The antidegradant and
curing package included typical amounts of antidegradants and curing compounds
including TMQ, stearic acid, 6PPD, zinc oxide, sulfur and an accelerator as known to one
having ordinary skill in the art.

[0034] The masterbatch formulations noted as MB1, MB2, MB3 and MB4 were
prepared by mixing natural rubber and crumb rubber in an 8.225 L Werner and Pfleiderer
GK 5 U/K mixer at 81% fill ratio with a water temperature of 27°C and a rotor speed of 70
rpm. Peptisant DBD was added to formulation MB2. The material of masterbatches was
allowed to mix until it reached 170°C then it was transferred to a Lescuyer Villeneuve
300x 700 External mixer mill for 4 to 7 minutes. The mill transformed the batch into a
thick film. The masterbatch material in this film form was allowed to cool for about an
hour.

[0035] The rubber formulations R1-R7 were prepared by mixing the components
given in Table 1, except for the curing package, with the masterbatch in an 8.225 L
Werner mixer at 72% fill ratio with a water temperature of 45°C and a rotor speed of 55
rpm. The piston was raised, cleaned and lowered when the material reached 75°C and
again at 135°C. The material was transferred to a Lescuyer Villeneuve mill when the
temperature reached 155°C. The material processed on the mill for about 7 minutes. The
curatives package was incorporated in the material during this milling time.

[0036] The material was milled to a thickness of 1.85 mm and cured at 170°C for
30 minutes. Sample pieces were cut from the cured sheets and tested according to the
relevant ASTM testing methods on a Monsanto MFTR apparatus.

[0037] Twelve samples per formulation were evaluated for fatigue life. Samples

were cut with a standard die. The samples were gripped in place on a rack with one
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stationary end and one movable end. Each cycle of the fatigue tester consists of increasing
strain for one quarter of the cycle time, decreasing strain for one quarter of the cycle time
and zero imposed strain for one half of the cycle time. An extension ratio of 75% was
used. Samples ran for 5000 cycles then were adjusted on the rack to accommodate for

creep. An LED measured the cycle where failure occurred.

Table 1 — Rubber Formulation and Fatigue Results

Rubber MB1 | MB2 | MB3 | MB4 | R1 R2 R3 |R4 |R5 |R6 |R7
Composition (Witness)

Natural 100 100 100 100 50 33.50
Rubber

Masterbatch 50 50
MBI

Masterbatch 50
MB2

Masterbatch 50
MB3

Masterbatch 50
MB4

BR 50 50 50 50 50 50 50

Lehigh CR (80 50 50 16.5
mesh, cryo)

Edge CR (40 50
mesh, wet)

Edge CR (80 50
mesh, wet)

Peptisant DBD 0.15

Naphthenic oil 25 209 | 25 25 25 25 25

Carbon Black 60 50.1 60 60 60 60 60

Antidegradant 12 12 12 12 12 12 12
& Curing
Package

Test Results

Fatigue Life 89925 4664 | 842 | 8947 | 9635 | 1522 | 1084
(cycles) 2 42 5 0 17 25

[0038] Compositions R1 and R2 are the witness formulas to be used for
performance comparisons. R1 contains a 50/50 blend of natural rubber and butadiene
rubber. R2 contains a blend of natural rubber, butadiene rubber and crumb rubber where
the crumb rubber is added to the semi-finished batch. The test compositions contain a
50/50 blend of butadiene rubber and a masterbatch where the masterbatch contains natural
rubber and crumb rubber. The witness R1 is the identical rubber composition without the

crumb rubber particles used in the comparison of fatigue life. The witness R2




WO 2010/039327 PCT/US2009/052329

demonstrates performance of formulations with the same amount of crumb rubber added
without the aid of the masterbatch.

[0039] The results of fatigue testing show the poor performance of the R2
formula which is known in the art. Compositions R3 — R7 show comparable to improved
fatigue life results when compared to the identical rubber composition without the crumb
rubber particles. The lowest fatigue life value of the test compositions is within 7% of the
witness fatigue life value.

[0040] The terms “comprising,” “including,” and “having,” as used in the claims
and specification herein, shall be considered as indicating an open group that may include
other elements not specified. The term “consisting essentially of,” as used in the claims
and specification herein, shall be considered as indicating a partially open group that may
include other elements not specified, so long as those other elements do not materially

(13 2% ¢
a

alter the basic and novel characteristics of the claimed invention. The terms an,” and
the singular forms of words shall be taken to include the plural form of the same words,
such that the terms mean that one or more of something is provided. The terms “at least
one” and “one or more” are used interchangeably. The term “one” or “single” shall be
used to indicate that one and only one of something is intended. Similarly, other specific

integer values, such as “two,” are used when a specific number of things is intended. The

2% &¢ 2% &< 2% &¢

terms “preferably,” “preferred,” “prefer,” “optionally,” “may,” and similar terms are used
to indicate that an item, condition or step being referred to is an optional (not required)
feature of the invention. . Ranges that are described as being “between a and b” are
inclusive of the values for “a” and “b.”

[0041] It should be understood from the foregoing description that various
modifications and changes may be made to the embodiments of the present invention
without departing from its true spirit. The foregoing description is provided for the
purpose of illustration only and should not be construed in a limiting sense. Only the

language of the following claims should limit the scope of this invention.

10
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CLAIMS

What is claimed is:

1. A cross-linked rubber composition, comprising:

a diene rubber; and

a masterbatch material comprising between 50 and 75 wt.% natural rubber and between
25 and 50 wt.% crumb rubber particles, wherein the crumb rubber particles are 40 mesh or

smaller.
2. The cross-linked rubber composition of claim 1, wherein a fatigue life (cycles to failure) of
the rubber composition is at least 90% of a fatigue life of an identical rubber composition

without the crumb rubber particles.

3. The cross-linked rubber composition of claim 1, wherein the masterbatch comprises

between 60 and 70 wt.% natural rubber and between 30 and 40 wt.% crumb rubber particles.

4. The cross-linked rubber composition of claim 1, wherein the crumb rubber particles are

cryogenically processed.

5. The cross-linked rubber composition of claim 1, wherein the crumb rubber particles are

mechanically processed.

6. The cross-linked rubber composition of claim 1, wherein the diene rubber is a highly

unsaturated diene rubber.

7. The cross-linked rubber composition of claim 6, wherein the diene rubber is selected from a

natural rubber, a synthetic polyisoprene rubber or combinations thereof.

8. The cross-linked rubber composition of claim 6, wherein the diene rubber is a natural

rubber.

11
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9. The cross-linked rubber composition of claim 2, wherein the fatigue life of the rubber
composition is at least 95% of the fatigue life of the identical rubber composition without the

crumb rubber particles.

10. The cross-linked rubber composition of claim 2, wherein the fatigue life of the rubber
composition is at least 99% of the fatigue life of the identical rubber composition without the

crumb rubber particles.

11. The cross-linked rubber composition of claim 2, wherein the fatigue life of the rubber
composition is greater than 100% of the fatigue life of the identical rubber composition without

the crumb rubber particles.

12. The cross-linked rubber composition of claim 1, wherein the crumb rubber particles are 60

mesh or smaller.

13. The cross-linked rubber composition of claim 12, wherein the crumb rubber particles are 80

mesh or smaller.

14. The cross-linked rubber composition of claim 1, wherein the rubber composition comprises

10 phr of crumb rubber provided by the masterbatch.

15. The cross-linked rubber composition of claim 1, wherein the rubber composition comprises

15 phr of crumb rubber provided by the masterbatch.

16. An article comprising a cross-linked rubber composition, the cross-linked rubber
composition comprising:

a diene rubber;

a masterbatch material comprising between 50 and 75 wt.% natural rubber and between
25 and 50 wt.% crumb rubber particles, wherein the crumb rubber particles are 40 mesh or

smaller.

12
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17. The cross-linked rubber composition of claim 16, wherein a fatigue life (cycles to failure) of
the rubber composition is at least 90% of a fatigue life of an identical rubber composition

without the crumb rubber particles.

18. The article of claim 16, wherein the masterbatch comprises between 60 and 70 wt% natural

rubber and between 30 and 40 wt.% crumb rubber particles.

19. The article of claim 16, wherein the crumb rubber particles are cryogenically processed.

20. The article of claim 16, wherein the crumb rubber particles are mechanically processed.

21. The article of claim 16, wherein the diene rubber is a highly unsaturated diene rubber.

22. The article of claim 21, wherein the diene rubber is sclected from a natural rubber, a

synthetic polyisoprene rubber or combinations thereof.

23. The article of claim 21, wherein the diene rubber is a natural rubber.

24. The article of claim 17, wherein the fatigue life of the rubber composition is at least 95% of

the fatigue life of the identical rubber composition without the crumb rubber particles.

25. The article of claim 17, wherein the fatigue life of the rubber composition is at least 99% of

the fatigue life of the identical rubber composition without the crumb rubber particles.

26. The article of claim 17, wherein the fatigue life of the rubber composition is greater than

100% of the fatigue life of the identical rubber composition without the crumb rubber particles.

27. The article of claim 16, wherein the crumb rubber particles are 60 mesh or smaller.

28. The article of claim 27, wherein the crumb rubber particles are 80 mesh or smaller.

13
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29. The article of claim 16, wherein the rubber composition comprises 10 phr of crumb rubber

provided by the masterbatch.

30. The article of claim 16, wherein the rubber composition comprises 15 phr of crumb rubber

provided by the masterbatch.

31. The article of claim 16, wherein the article is a tire.

32. A method for preparing a rubber composition having crumb rubber, the method comprising:
mixing a masterbatch, the masterbatch comprising between 50 and 75 wt.% natural
rubber and between 25 and 50 wt.% crumb rubber particles; and

mixing the masterbatch with a diene rubber.

33. The method of claim 30, wherein the masterbatch comprises between 60 and 70 wt.%

natural rubber and between 30 and 40 wt.% crumb rubber particles.

34. The method of claim 30, further comprising:

cooling the masterbatch before the step of mixing the masterbatch and the diene rubber.

35. The method of claim 30, further comprising:
milling the masterbatch for 4 to 7 minutes at a mill temperature of 30°C before the step

of mixing the masterbatch and the diene rubber.

36. The method of claim 30, wherein the step of mixing the masterbatch with a diene rubber
further comprises the sub-steps of:

adding all ingredients (the additives package) to the mixer;

dropping the semi-finished batch at 155°C; and

milling the semi-finished batch for 7 minutes.
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37. The method of claim 36, wherein the step of milling the semi-finished batch further

comprises incorporating a curatives package.
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