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PROCESSES FOR RECOVERING RUBBER FROM AGED BRIQUETTES AND AGED
BRIQUETTES CONTAINING PLANT MATTER FROM NON-HEVEA PLANTS

FIELD OF INVENTION

[0001] This application relates to processes for removing rubber from rubber

containing briquettes.
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BACKGROUND

[0002] The Hevea plant or tree (also called Hevea brasiliensis or a rubber tree) is a well-
known source of natural rubber (also called polyisoprene). Rubber sources such as Hevea
brasiliensis, Ficus elastic (India rubber tree) and Cryptostegia grandiflora (Madagascar
rubbervine) produce natural rubber in the form of a sap where the rubber is suspended in an
aqueous solution that flows freely and can be recovered by tapping of the plant. Various non-
Hevea plants are also known to contain natural rubber, but their rubber is stored within the
individual cells of the plant (¢.g., stems, roots or leaves) and cannot be accessed by tapping but
can only be accessed by breaking down the cell walls by physical or other means. Thus,
processes for the removal of rubber from non-Hevea plants are generally more complicated and
entailed than processes for harvesting rubber from Hevea trees. Additionally, because of the
relatively low percentage of rubber contained within non-Hevea plants, considerable expense can
be attributed to harvesting and transportation of the harvested plants to a facility where the

natural rubber contained within the plant cells can be recovered.

SUMMARY

[0003] Provided herein arc organic solvent-based processes for the removal of rubber
from aged briquettes made from compressed plant matter of non-Hevea plants. Also provided
arc aged briquettcs made from the compresscd plant matter of non-Hevea plants where the
briquettes have been aged for at least 90 days after formation and the rubber within the briquette

has a molecular weight of at least 1,200,000.

[0004] In a first embodiment, organic solvent based methods for recovering rubber from
aged rubber-containing briquettes made from chopped plant matter of a non-Hevea plant are
provided. The methods comprise utilizing aged briquettes comprising plant matter that contains
bagasse, rubber, resin and less than 5 weight % Icaves of a non-Hevea plant, whercin the
briquecttes have been aged for about 21-200 days after formation. According to the mcthods, the
briquettes are mixed with (1) at least one non-polar organic solvent and (i1) at least one polar
organic solvent to produce a slurry where (i) and (ii) are present in the slurry in amounts at least
sufficient to solubilize the resin and rubber from the plant matter. The total amount of (i) and (ii)

combined is 50-90% by weight of the slurry, the briquettes comprise 10-50% by weight of the
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slurry, and the slurry contains 0.5-10 weight % water. Thereafter, a majority of the bagasse is
removed from the slurry to produce a miscella. Optionally, additional polar organic solvent,
non-polar organic solvent or a combination thereof (any of which may be the same or different
than the at least one polar organic solvent and at least one non-polar organic solvent utilized to
form the slurry) is added to the miscella to form a reduced viscosity miscella. The amount of
additional polar organic solvent that is added to the miscella is less than the amount that causes
the rubber contained within the reduced viscosity miscella to coagulate. Next, 80-95 weight %
of bagassc (bascd on the total weight of bagasse present in the reduced viscosity miscclla or the
miscella) is removed from the reduced viscosity miscella or form the miscella to form a purified
miscella. The majority of bagasse that is removed (from the reduced viscosity miscella or from
the miscella) has a particle size of less than 105 microns. Optionally, the purified miscella is
treated to remove additional bagasse thereby producing a clarified rubber solution that contains
0.01-1% by weight bagasse (based on the total amount of bagasse present in the slurry); 90-99%
of the additional bagasse that is removed (from the reduced viscosity miscella) has a particle size
greater than 45 microns. The relative amount of polar organic solvent as compared to non-polar
organic solvent within the clarified rubber solution is increased so as to cause the rubber
contained within the clarified rubber solution to coagulate. From the coagulated rubber, a solid
purified rubber is produced. This solid purified rubber has a purity such that when it contains 0.8
weight % volatile matter, it also contains 0.05-0.5 wt% dirt, 0.2-1.5 wt% ash, and 0.1-4 wt%
resin. Multiple aspects of the process are conducted at a temperature or temperatures of 10-80 °C
(i.c., diffcrent aspects of the process may be conducted at the same temperature or at different

temperatures) and a pressure of 35 to 1000 kPa.

[0005] A second embodiment (which may be used in the processes of the first
embodiment or alternatively in other rubber recovery processes) provides an aged briquette made
from non-Hevea plant matter where the briquette has been aged for 18-24 days after formation
and the rubber within the briquette has a molecular weight of 1,000,000-1,500,000. (As
discussed in more detail herein, it is intended that the molecular weight of the rubber within the
briquette be measured after recovery of the rubber from the briquette, upon a solid form of the
rubber, analyzed by GPC.) The aged briquette comprises: 78-95 weight % compressed chopped
plant matter (bascd upon the total weight of the briquette) from a non-Hevea plant (the plant

matter comprising bagasse, rubber, and resin), 2-20 weight % water (based upon the total weight



of the briquette), 0.2-2 weight % antioxidant (based upon the total weight of rubber present in
the bagasse), and 0.1-5 weight % binder.

[0005a] In accordance with another embodiment, there is provided an aged briquette
comprising: 78 to 95 weight % compressed chopped plant matter (based upon the total weight
of the briquette) from a non-Hevea plant, said plant matter comprising bagasse, rubber, and
resin, 2-20 weight % water (based upon the total weight of the briquette), 0.2-2 weight %
antioxidant (based upon the total weight of rubber present in the plant matter), and 0.1-5
weight % binder (based upon the total weight of the briquette), wherein at least 90% of
undersize material of less than 30 mesh has been removed from the chopped plant matter prior
to briquetting and briquette has been aged for 18-24 days after formation and the rubber
within the briquette has a molecular weight of 1,000,000-1,500,000, as measured after organic

solvent extraction of the rubber from the plant matter of the briquette.

[0005b] In accordance with yet another embodiment, there is provided a method of

recovering rubber from rubber-containing briquettes comprising;:

a. utilizing aged briquettes comprising chopped plant matter that contains
bagasse, rubber, resin and less than 5 weight % leaves of a non-Hevea plant, wherein the

briquettes have been aged for about 21-200 days after formation;

b. mixing the briquettes with (i) at least one non-polar organic solvent and (ii) at
least one polar organic solvent to produce a slurry where the total amount of (i) and (ii) is 50-
90% by weight of the slurry, the briquettes comprise 10-50% by weight of the slurry, and the

slurry contains 0.5-10 weight % water;

c. removing a majority of the bagasse from the slurry to produce a miscella and a

first bagasse portion;

d. optionally adding additional polar organic solvent, non-polar solvent or a
combination thereof to the miscella to form a reduced viscosity miscella, wherein any
additional polar organic solvent and non-polar organic solvent that is added is the same or

different than those utilized in (a) and the amount of any additional polar organic solvent

3a
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added is less than the amount that causes the rubber contained with the reduced viscosity

miscella to coagulate;

c. removing 80-95 weight % bagasse (based upon the total weight of bagasse
present in the reduced viscosity miscella) from the miscella produced in (c) or (d) thereby
forming a purified miscella and a second bagasse fraction, wherein a majority of the bagasse

that is removed has a particle size of less than 105 microns;

f. optionally treating the purified miscella to remove additional bagasse thereby
producing a clarified rubber solution that contains 0.01-1% by weight bagasse (based on the

total weight of bagasse present in the slurry);

g. increasing the relative amount of polar solvent as compared to non-polar
solvent within the purified miscella or clarified rubber solution so as to coagulate the rubber;

and

h. producing solid purified rubber from the coagulated rubber where when said
solid purified rubber contains 0.8% volatile matter it also contains 0.05-0.5 weight % dirt,

0.2-1.5 weight % ash and 0.1-4 weight % resin,

wherein at least (b)-(f) are conducted at a temperature or temperatures of 10-80 °C and a

pressure of 35 to 1000 kPa.

[0005¢] In accordance with yet another embodiment, there is provided a method of

recovering rubber from rubber-containing briquettes comprising:

a. utilizing aged briquettes comprising chopped guayule plant matter that
contains bagasse, rubber, resin and less than 5 weight % leaves, wherein the briquettes have

been aged for about 21-200 days after formation;

b. mixing the briquettes with (i) at least one non-polar organic solvent and (ii) at
least one polar organic solvent to produce a slurry where the total amount of (i) and (ii) is 50-
90% by weight of the slurry, the briquettes comprise 10-50% by weight of the slurry, and the

slurry contains 0.5-10 weight % water;

3b
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C. removing a majority of the bagasse from the slurry to produce a miscella and a

first bagasse portion;

d. optionally adding additional polar organic solvent, non-polar solvent or a
combination thereof to the miscella to form a reduced viscosity miscella, wherein any
additional polar organic solvent and non-polar organic solvent that is added is the same or
different than those utilized in (a) and the amount of any additional polar organic solvent
added is less than the amount that causes the rubber contained with the reduced viscosity

miscella to coagulate;

e. removing 80-95 weight % bagasse (based upon the total weight of bagasse
present in the reduced viscosity miscella) from the miscella produced in (c) or (d) thereby
forming a purified miscella and a second bagasse fraction, wherein a majority of the bagasse

that is removed has a particle size of less than 105 microns;

f. optionally treating the purified miscella to remove additional bagasse thercby
producing a clarified rubber solution that contains 0.01-1% by weight bagasse (based on the

total weight of bagassc present in the slurry);

g. increasing the relative amount of polar solvent as compared to non-polar
solvent within the purified miscella or clarified rubber solution so as to coagulate the rubber;

and

h. producing solid purified rubber from the coagulated rubber where when said
solid purified rubber contains 0.8% volatile matter it also contains 0.05-0.5 weight % dirt,
0.2-1.5 weight % ash and 0.1-4 weight % resin,

wherein at least (b)-(f) are conducted at a temperature or temperatures of 10-80 °C and a

pressure of 35 to 1000 kPa.

3c
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[0005d] In accordance with yet another embodiment, there is provided an aged
briquette comprising: 78 to 95 weight % compressed chopped plant matter (based upon the
total weight of the briquette) from a non-Hevea plant, said plant matter comprising bagasse,
rubber, and resin, 2-20 weight % water (based upon the total weight of the briquette), and 0.2-
2 weight % antioxidant (based upon the total weight of rubber present in the plant matter),
wherein at least 90% of undersize material of less than 30 mesh has been removed from the
chopped plant matter prior to briquetting, and the briquette has been aged for 18-24 days after
formation and the rubber within the briquette has a molecular weight of 1,000,000-1,500,000,
as measured after organic solvent extraction of the rubber from the plant matter of the

briquette.

3d
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DETATLED DESCRIPTION

{0006] Provided herein are methods for the improved recovery of rubber from non-Hevea
plants utilizing compressed or briquetted forms of plant matter. Also provided are organic
solvent-based processes for removing the rubber from the briquettes and aged briquette forms of
compressed plant matter. For ease of description in certain sections, the mcthods and aged
briquettes arc described as embodiments; the use of this terminology is for easc of description

only and should not be interpreted as limiting.

Definitions

[0007] 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.

10008] As uscd herein, the term “non-Hevea plant” is intended to encompass plants that
contain natural rubber within the individual cclis of the plant.

[0009] As used hcrein the term “bagasse™ is used to refer to that portion of the ground or
chopped plant matter from a non-Hevea plant that is insoluble and hence is suspended rather than
dissolved by organic solvents. As used herein, bagasse should be understood to include dirt and
ash, unless otherwise specified.

[6010] As used herein the term “plant matter” means material obtained from a non-Hevea
plant. Unless otherwise specified, the plant matter may include roots, stems, bark, woody
material, pith and leaves.

[0011] As used herein the term “woody material” means the vascular tissue and
meristematic material obtained from a non-fHevea plant. Unless otherwise specified, woody
material does not include bark.

[0012] As used herein the term “pith” is the inner-most region of the woody material of a
non-Hevea plant.

{0013} As used herein the term “bark” refers to the tough outer covering present on the

stems and roots of certain (particularly woody or shrub-like) non-Hevea plants and should be

CA 2866427 2018-03-07
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understood to include all tissues outside the vascular cambium. Not all non-Hevea plants will
contain bark.

[0014] As used herein the term ‘“resin” means the naturally occurring non-rubber
chemical entities present in non-Hevea plant matter, including but not limited to resins (such as
terpenes), fatty acids, proteins, and inorganic materials.

[0015] As used herein the term “dirt” (such as used in the connection with the solid
purificd rubber produced by the processes disclosed herein) means non-plant material that may
be associated with non-Hevea plants, particularly upon harvesting, such as soil, sand, clay and
small stones. Dirt content in solid purified rubber can be determined by completely re-dissolving
the solid rubber and pouring the solution through a 45 micron sieve. The sieve is then rinsed
with additional solvent and dried. The weight of the material retained on the sieve represents the
“dirt” content of the solid purified rubber.

[0016] As used herein the term “ash” (such as used in the connection with the solid
purified rubber produced by the processes disclosed herein) means the inorganic material (i.e.,
free of carbon) that remains after ashing the rubber at 550 °C + 25 °C.

[0017] As used herein, the term “majority” means more than 50% but less than 100%. In
certain embodiments, the term means 51-60% and in other embodiments 60-95%.

[0018] As used herein, the phrase “volatile matter” refers to non-rubber matter that may
be contained within a sample of solid-purified rubber, but which will volatilize at 100 +/- 5°C
(or 160 +/- 5°C if the rubber sample is suspected to contain volatile hydrocarbon oils). A
standard tcst for dctcrmining the volatile matter that is containcd within a rubber samplc is

ASTM D1278-91 (1997).
Details

[0019] In a first embodiment, organic solvent-based methods for recovering rubber from
aged rubber-containing briquettes made from chopped plant matter of a non-Hevea plant are
provided. The methods comprise utilizing aged briquettes comprising chopped plant matter that
contains bagasse, rubber, resin and less than 5 weight % leaves of a non-Hevea plant, wherein
the briquettes have been aged for about 21-200 days after formation. According to the methods,
the briquettes are mixed with (i) at least one non-polar organic solvent and (ii) at least one polar
organic solvent to produce a slurry where (i) and (ii) are present in the slurry in amounts at least

sufficient to solubilize the resin and rubber from the plant matter. The total amount of (i) and (ii)



CA 02866427 2014-09-04

WO 2013/134429 PCT/US2013/029449

combined is 50-90% by weight of the slurry, the briquettes comprise 10-50% by weight of the
slurry, and the slurry contains 0.5-10 weight % water. Thereafter, a majority of the bagasse is
removed from the slurry to produce a miscella. Optionally, additional polar organic solvent,
non-polar organic solvent or a combination thereof (any of which may be the same or different
than the at least one polar organic solvent and at least one non-polar organic solvent utilized to
form the slurry) is added to the miscella to form a reduced viscosity miscella. The amount of
any additional polar organic solvent that is added to the miscella is less than the amount that
causcs the rubber contained within the reduced viscosity miscella to coagulate. Next, 80-95
weight % of bagasse (based on the total weight of bagasse present in the reduced viscosity
miscella or in the miscella) is removed from the reduced viscosity miscella or form the miscella
to form a purified miscella. (It should be understood that the reduced viscosity miscella and the
miscella are referred to the in alternative in the preceding and following sentence for the sake of
completeness, but that if the viscosity of the miscella is reduced, then the next removal step takes
place on the reduced viscosity miscella whereas if the viscosity of the miscella is not reduced the
next removal step takes place on the miscella.) The majority of bagasse that is removed (from
the reduced viscosity miscella or from the miscella) has a particle size of less than 105 microns.
The purified miscella is treated to remove additional bagasse thereby producing a clarified
rubber solution that contains 0.01-1% by weight bagasse (based on the total amount of bagasse
present in the slurry); 90-99% of the additional bagasse that is removed (from the reduced
viscosity miscella) has a particle size greater than 45 microns. The relative amount of polar
organic solvent as comparcd to non-polar organic solvent within the clarificd rubber solution is
increased so as to cause the rubber contained within the clarified rubber solution to coagulate.
From the coagulated rubber, a solid purified rubber is produced. This solid purified rubber has a
purity such that when it contains .8 wt% organic solvent, it also contains 0.05-0.5 weight % dirt,
0.02-1.5 weight % ash, and 0.1-4 weight % resin. Multiple aspects of the process are conducted
at a temperature or temperatures of 10-80 °C (i.c., different aspects of the process may be
conducted at the same temperature or at different temperatures) and a pressure of 35 to 1000 kPa.

[0020] A second embodiment (which may be used in the processes of the first
embodiment or alternatively in other rubber recovery processes) provides an aged briquette made
from non-Hevea plant matter where the briquette has been aged for 18-24 days after formation

and the rubber within the briquette has a molecular weight of 1,000,000-1,500,000. (As
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discussed in more detail herein, it is intended that the molecular weight of the rubber within the
briquette be measured after recovery of the rubber from the briquette, upon a solid form of the
rubber, analyzed by GPC.) The aged briquette comprises: 78-95 weight % compressed chopped
plant matter (based upon the total weight of the briquette) from a non-Hevea plant (the plant
matter comprising bagasse, rubber, and resin), 2-20 weight % water (based upon the total weight
of the briquette), 0.2-2 weight % antioxidant (based upon the total weight of rubber present in the
bagassc) and 0.1-5 weight % binder.

Storage of the briquettes

[0021] The following discussion of storage of the briquettes should be understood to be
applicable to not only the second embodiment disclosed herein (in terms of storing the briquette
after formation), but also to the first embodiment disclosed herein (either in terms of preparing
and briquettes for use in the methods of the first embodiment or in terms of storing any
briquettes that will ultimately be used in the methods of the first embodiment prior to their use in
such methods). In certain embodiments disclosed herein, it may be helpful to store the briquettes
in a controlled environment where the temperature of the briquettes is maintained at a
temperature of less than 70 °C, preferably less than 50 °C. In certain embodiments, the
temperature of the briquettes may be maintained at a temperature of 20-75 °C, 20-50 °C or 20-25
°C. Generally, the temperature of the briquettes is maintained by controlling the temperature of
the air surrounding the briquettes.

[0022] In certain embodiments, it may be helpful to store the briquettes in a controlled
cnvironment where the relative humidity of the air surrounding the briqucttes is maintaincd at 50
moisture or more. In certain embodiments, the relative humidity of the air may be maintained at
40-60%. In general, increased humidity or moisture can assist in maintaining the molecular
weight of the rubber contained within the briquettes. Other methods for maintaining the
briquettes in an increased humidity environment may be utilized such periodic spraying or
misting of the briquettes with water. In certain embodiments, the spraying or misting is utilized
on a weekly or every-other-week basis and a sufficient amount of water is applied to maintain
the average water content of the briquettes at 10% by weight or greater (e.g., 10-20% by weight),
preferably 15% by weight or greater (e.g., 15-20% by weight). In certain embodiments, it may
be helpful to store the briquettes under inert gas (e.g., nitrogen) to avoid oxidation of rubber. In

certain embodiments, the briquettes are stored in a controlled environment where both the
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temperature and relative humidity of the air surrounding the briquettes is maintained as discussed
above. In other embodiments, the briquettes are stored in a controlled environment where both
the temperature and atmosphere (i.e., inert gas) of the air surrounding the briquettes is
maintained as discussed above. In yet other embodiments, the briquettes are stored in a
controlled environment where both the atmosphere (i.e., inert gas) and relative humidity of the
air surrounding the briquettes is maintained as discussed above. In yet other embodiments, the
briquettes are stored in a controlled environment where the temperature, atmosphere and relative
humidity is maintained as discussed above.

[0023] In certain embodiments according to the first embodiments described herein, the
briquettes have been aged for 18-24 days after formation and prior to the preparation of a slurry
utilizing the briquettes. As previously discussed, in the second embodiment disclosed herein, the
briquettes are aged for 18-24 days after formation, thereby increasing the recoverable rubber
content within the briquettes. In certain other embodiments of the first and second embodiments
described herein, the briquettes are aged for other time periods such as 30 days or less, 60 days
or less, or 90 days or less; in certain such embodiments, the period of aging is 10-30 days, 10-60
days, 10-90 days, or 18-30 days, 18-60 days or 18-90 days.

[0024] In certain embodiments, the briquettes have a density that is 150-325% higher
than the density of the non-compressed chopped plant matter. Relatively higher densities of the
briquettes can lead to reduced shipping and transportation costs as relatively more briquettes
(and, hence more rubber) can be transported or stored within the same volume of shipping or
storagc containcr. In yct other cmbodiments according to the first and sccond cmbodiments
described herein, the briquettes have a density that i1s 40-100% higher than the density of the
non-compressed chopped plant matter. Briquettes with such densitics can provide advantages in
terms of being easier to produce and easier to grind and dissolve or in organic solvent. In certain
embodiments according to the first and second embodiments described herein, the briquettes
have a density of 3 to 8.5 pounds/gallon (0.4 to 1 kg/liter). This density is the true density of the
briquettes (excluding the volume of pores) and not a bulk density. Various methods (e.g.,
optical, gas expansion and liquid imbibitions) for determining the true density of a porous solid
exist and are known to those skilled in the art, but they all generally entail measuring the volume
of pores existing within the porous solid so that this volume can be excluded from the volume

that is used to calculate true density.
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Plant matter for the briquettes

[0025] As previously mentioned, the briquettes utilized in the first and second
embodiments described herein comprise chopped plant matter from non-Hevea plants that has
been compressed. Exemplary non-Hevea plants useful in providing the plant matter for the
briquettes, include, but are not limited to: Parthenium argentatum (Guayule shrub), Taraxacum
Kok-Saghyz (Russian dandelion), Euphorbia lathyris (gopher plant), Parthenium incanum
(mariola), Chrysothamnus nauseosus (rabbitbrush), Pedilanthus macrocarpus (candililla),
Asclepias syriaca, speciosa, subulata, et al (milkweeds), Solidago altissima, graminifolia rigida,
et al (goldenrods), Cacalia atripilicifolia (pale Indian plantain), Pycrnanthemum incanum
(mountain mint), Teucreum canadense (American germander) and Campanula Americana (tall
bellflower). Other plants which produce rubber and rubber-like hydrocarbons are known,
particularly among the Compositae, Euphorbiaceaec, Campanulaceae, Labiatac, and Moracea
families. When utilizing briquettes in the first and second embodiments disclosed herein, it is
contemplated that one type of plant or a mixtures of more than one type of plant may be utilized
to provide the plant matter.

[0026] In certain embodiments according to the first and second embodiments disclosed
herein, the non-Hevea plant matter is obtained from at least one of: Parthenium argentatum
(Guayule shrub), Taraxacum Kok-Saghyz (Russian dandelion), Euphorbia lathyris (gopher
plant), Parthenium incanum (mariola), Chrysothamnus nauseosus (rabbitbrush), Pedilanthus
macrocarpus (candililla), Asclepias syriaca, speciosa, subulata, et al (milkweeds), Solidago
altissima, graminifolia rigida, et al (goldenrods), Cacalia atripilicifolia (pale Indian plantain),
Pycnanthemum incanum (mountain mint), Teucreum canadense (American germander) and
Campanula Americana (tall bellflower). In certain preferred embodiments according to the first
and second embodiments disclosed herein, the chipped plant matter that is compacted into
briquettes is obtained from guayule shrub (Parthenium argentatum).

Preparation of the plant matter

[0027] In certain embodiments of the first and second embodiments of the processes
disclosed herein, the briquettes are made from plant matter that has been chopped or chopped
into pieces with an average size of 17 or less. Generally, the chipping or chopping of the plant
matter to a size of 1.5 or less or 17 or less may take place in one or more than one step. For

example, the non-Hevea plant that is utilized may be rough chopped at the location of harvesting
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into pieces averaging less than 2 in length. Rough chopping may take place before or after the
optional removal of leaves and soil (such as by shaking the plant or subjecting it to strong air
currents), but is preferably after the removal of a large majority of leaves and soil from the
harvested plant matter. Chipping or chopping into pieces with an average size of 1.5” or less or
1” or less may be achieved using various physical means. One exemplary way of obtaining
chopped plant matter with an average size of 1.5” or less or 1” or less is to feed raw plant
material (or optionally rough chopped plant matter) into a shredder, a granulator, a hammer mill
or a roller mill. A granulator is a well-known machine designed for chopping or grinding
material into various sizes. Most granulators contain multiple knives (often steel knives) and one
or more screens (sometimes interchangeable) with various diameter holes to determine the size
of the final product. Various size granulators exist and may be useful in chopping the plant
matter such as those containing openings of 3/8”, 4" and 1/8”. A hammer mill can generally be
described as a steel drum containing a vertical or horizontal rotating shaft or drum on which
hammers are mounted; the hammers “pound” the material that is passed through the mill.
Various size hammer mills exist and may be useful in chopping the plant matter such as those
containing openings of 3/8”, ¥4 and 1/8”. A roller mill/cracker mill can generally be described
as a device with two or more rolls each containing longitudinal grooves which assist in further
size reduction of material fed through the mill. Various size roller mills exist and may be uscful
in chopping the plant matter such as those containing openings of 3/8”, %4” and 1/8”. In certain
embodiments according to the first and second embodiments of the processes disclosed herein,
the plant mattcr is subjccted to at lcast onc of a granulator, a shredder, a hammer mill, a roller
mill and a flaker mill to produce chopped plant matter having an average size of 17 or less”. In
other embodiments according to the first and second embodiments of the processes disclosed
herein, the plant matter is subjected to at least two of a shredder, a granulator, a hammer mill, a
roller mill and a flaker mill to produce chopped plant matter having an average size of 1” or less.
[0028] In certain embodiments according to the first and second embodiments of the
processes disclosed herein, the plant matter utilized in the slurry has not only been chopped or
shredded (such as by treatment in a shredder, a roller mill, hammer mill and/or granulator) but
has also been subjected to a flaker mill/flaker and/or other mechanical treatment capable of
rupturing the cell walls of the cells that contain the natural rubber after briquetting but prior to

being mixed into the slurry. A flaker mill or flaker can generally be described as a device with
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two or more rolls each having a smooth surface, usually operated at different speeds, with a
defined and adjustable clearance between rolls which primarily assist in providing further
rupturing of plant cell walls. Such types of mechanical treatment tend to increase the amount of
natural rubber that can ultimately be recovered from the plant matter. In certain preferred
embodiments of the first and second embodiments of the processes disclosed herein utilizing
plant matter from guayule shrub, chopped plant matter is subjected to both roll milling and flake
milling. In other embodiments of the first and second embodiments disclosed hercin, chipped
plant matter from the guayulc shrub is uscd for the briquettes, and the chopped plant matter is
subjected to at least one of roll milling, a shredder, a granulator and hammer milling prior to
compression into a briquette and flake milling after briquetting (during but before preparation of
the slurry). In those embodiments where at least one of roll milling, or hammer milling, a
shredder, a granulator and flake milling is used upon the chopped plant matter, the chopped plant
matter is preferably treated with at least one antioxidant prior to being compressed into a
briquette (the amount of the antioxidant being in accordance with the previous antioxidant
discussion).

[0029] In certain embodiments according to the first and second embodiments of the
processes disclosed herein, it can be helpful to treat the chopped plant matter with an average
size of 1.5” or less or 17 or less (such as exits a granulator) to remove undersize material before
briquetting. The amount of undersize material that is generated may vary depending upon
various factors including the method used to chop or chip the plant material and the speed at
which the chopping or grinding takes place. Onc cxemplary way of removing undersize material
1s to pass the chopped plant matter over a mesh screen that is then vibrated to allow undersize
material to fall through the mesh. Various types of mesh screen may be utilized, depending upon

3

the size of material that is classified as “undersize.” In certain embodiments, a 30 mesh, 25
mesh, 20 mesh, 18 mesh or 16 mesh screen is utilized. The mesh rating of the screen
corresponds to the number of openings per square inch. Hence a 20 mesh screen will have 20
openings in one square inch. The sizes of the openings in the listed mesh screens are as follows:
30 mesh (0.0232” openings or 595 micron openings); 25 mesh (0.0280” openings or 707 micron
openings); 20 mesh (0.0331” openings or 841 micron openings); 18 mesh (0.0394” openings or
1000 micron openings); and 16 mesh (0.0469” openings or 1190 micron openings). Another

exemplary way to remove undersize material is by using an air separator which functions to blow

11



CA 02866427 2014-09-04

WO 2013/134429 PCT/US2013/029449

away or out undersize (and hence lighter) particles. Preferably when undersize material is
removed (such as by a mesh screen), at least 90% by weight, even more preferably at least 95%
by weight of the undersize material is removed. In certain embodiments, the plant material that
is formed into briquettes has a size of 1/16” to 1.5”, preferably 1/16 to 17, even more preferably
1/8” to 147, in certain such embodiments the plant material has been subjected to a process such
as granulation that utilizes a screen having opening of 1/16” 1/8”, 4 or '3 thereby producing
material having a maximum size of no bigger than the openings.

[0030] In ccrtain cmbodiments according to the first and sccond ecmbodiments disclosed
herein, the plant matter that is compressed into the briquettes has not only been chipped but has
also been subjected to a roller mill/cracker mill, flaker mill/flaker, hammer mill and/or other
mechanical treatment capable of rupturing the cell walls of the cells that contain the natural
rubber. A roller mill/cracker mill can generally be described as a device with two or more rolls
each containing longitudinal grooves which assist in further size reduction of material fed
through the mill. A flaker mill or flaker can generally be described as a device with two or more
rolls each having a smooth surface, usually operated at different speeds, with a defined and
adjustable clearance between rolls which primarily assist in providing further rupturing of plant
cell walls. A hammer mill can generally be described as a steel drum containing a vertical or
horizontal rotating shaft or drum on which hammers are mounted; the hammers “pound” the
material that is passed through the mill. Such types of mechanical treatment tend to increase the
amount of natural rubber that can ultimately be recovered from the plant matter. In certain
cmbodiments of the first and sccond ecmbodiments disclosced hercin, chipped plant matter from
the guayule shrub is uscd for the briquettes, and the chipped plant matter is subjected to at Icast
one of roll milling, flake milling and hammer milling prior to compression into a briquette. In
those embadiments where at least one of roll milling, flake milling or hammer milling is used
upon the chipped plant matter, the chipped plant matter is preferably treated with at least one
antioxidant prior to being compressed into a briquette (the amount of the antioxidant being in
accordance with the antioxidant discussion herein).

[0031] The briquettes that are used in the first and second embodiments described herein
may contain a certain amount of water. In certain embodiments according to the first and second
embodiments of the processes described herein, the briquettes contain 2-20% by weight water

(based upon the total weight of the briquette). In other embodiments the briquettes contain 5-
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15% by weight water. The water that is within the briquettes has as its primary source residual
water from the plant matter. The amount of water present in the briquettes can be adjusted such
as by drying the chipped plant matter prior to compacting it into briquettes. In certain
embodiments of the first and second embodiments described herein, the chipped plant matter is
dried to reduce its moisture content by at least 2 weight %, by at least 4 weight % or even by at
least 6 weight % prior to compacting the plant matter into briquettes. Various methods of
achicving drying of the chopped plant matter can be utilized, including, but not limited to, sun
drying, forced air drying (with air that is dry and/or hcated). In certain cmbodiments, the plant
matter may be dried prior to chipping. Another potential source for the water that may be
present in the briquettes is additives added to the plant matter after harvest. As discussed in
more detail later, these additives can include antioxidants and/or binders that may optionally be
applied via aqueous solutions of the active ingredients.

[0032] When the first and second embodiments disclosed herein make use of briquettes
made of plant matter from a guayule shrub, the plant matter that is utilized may take various
forms as described further herein. In certain embodiments, the plant matter comprises chopped
guayule shrub including bark and woody tissue from the shrub but with no more than 5 weight
%, preferably no more than 4 weight % or no more than 3 weight % or even more preferably no
more than 1 weight % of the plant matter comprising leaves from the guayule shrub. In certain
of the foregoing embodiments, the guayule shrub used for the plant matter initially comprises
both the above-ground portions and below-ground portions of the shrub (i.e., the stems (with
bark, woody tissuc and pith) and thc roots). In othcer of the forcgoing cmbodiments, the guayule
shrub used for the plant matter initially comprises only the above-ground portions of the shrub
(in other words, the roots are not included in the plant matter). The leaves of the guayule shrub
may be removed using various methods such as field drying followed by shaking. Other
methods for removing the leaves from the plant matter of the guayule shrub before incorporating
that plant matter into briquettes may occur to those of skill in the art and may be utilized as the
particular method for removing leaves is not considered to be a significant limitation of the
processes disclosed herein.

[0033] In certain embodiments according to the first and second embodiments described
herein, the plant matter utilized in the briquettes contains bagasse, rubber and resin. In certain

embodiments according to the first and second embodiments described herein, the plant matter
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utilized in the briquettes includes bark, woody material, rubber and resin. In certain
embodiments according to the first and second embodiments described herein, woody material
comprises at least 70 weight %, 80 weight %, at least 85 weight % or even at least 90 weight %
of the briquette and the remaining amount of the briquette comprises bark and leaves. In order to
achieve the foregoing make-up of plant matter within the briquette it may be necessary to
remove or limit the amount of bark and leaves that is utilized within the plant matter and
compacted into briquettes. In yet other embodiments according to the first and second
embodiments described herein, bark comprises at least 50 weight %, at least 60 weight %, at
least 70 weight % or even at least 80 weight % of the briquettes and the remaining amount of the
briquettes comprise woody material and leaves. In order to achieve the foregoing make-up of
plant matter within the briquettes it will likely be necessary to remove or limit the amount of
woody material and leaves that is utilized within the plant matte and compacted into briquettes.
In certain embodiments of the first and second embodiments described herein, the briquettes
comprise at least 80% by weight bark, less than 20% by weight woody material and less than 1
weight % leaves. In order to achieve the foregoing make-up of plant matter within the briquettes
it will likely be necessary to remove or limit the amount of woody material and leaves that is
utilized within the plant matter and compacted into briquettes. In yet other embodiments of the
first and second embodiments described herein, the briquettes contain less than 5 weight % or
less woody material, with the remaining amount of the briquettes comprising up to 95 weight %
bark and preferably less than 2 weight % leaves, even more preferably less than 1 weight %
lcaves. Each portion of the plant matter (i.c., bark, woody matcrial and Icaves) used within the
briquettes will contain varying amounts of bagasse, rubber, resin and water.
Briquetting

[0034] As previously discussed, the first and second embodiments disclosed herein make
use of compressed plant matter in the form of briquettes. The term briquette is meant to
encompass various forms or shapes, including, but not limited to, pellets, cubes, rectangular
solids, spherical solids, egg-shaped solids, bricks and cakes. Various methods exist for
compacting the plant matter into briquettes. One method of preparing briquettes from the plant
matter is to utilize a commercial briquetting machine to prepare the briquettes. Various
companies manufacture these machines and they are available in various sizes and specifications.

Exemplary briquetting machines include those manufactured by K.R. Komarek, Inc. (Wood
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Dale, IL), including the roll-type briquetting machines model no. BIOOR and BR200QC.
Generally, a briquetting machine utilizes a roll-type system to compact material, with or without
the addition of a binder to the material that is being compressed. Pressure can be applied by the
machine in varying amounts depending upon the machine utilized, the properties of the chipped
plant matter and the properties desired in the briquettes. In certain embodiments, according to
the first and second embodiments disclosed herein, briquettes of plant matter from a guayule
shrub are made using a briquetting machine. In certain of the forcgoing embodiments, a binder
1s applied to the chipped plant matter prior to its being compressed into briquettes. Other
methods of preparing briquettes of chipped plant matter from non-Hevea plants may occur to
those of skill in the art and may be utilized within the scope of the processes disclosed herein.

[0035] In certain embodiments according to the first and second embodiments disclosed
herein, the briquettes are made from chipped plant matter that has been treated with one or more
binders prior to compression into briquettes. Various types of binders may be utilized, including,
but not limited to, organic-based binders (such as wood products, clay, starches and ash),
chemical-based binders (such as -sulfonate, lime, and sodiumbentonite and liquids such as water.
The amount of binder utilized with the chipped plant matter may vary depending upon the type
of briquette being formed. In certain embodiments, the amount of binder utilized with the
briquette 0.1-5 weight % (based on the total weight of the briquette).

[0036] In certain embodiments according to the first and second embodiments disclosed
herein, the briquettes are made from chipped plant matter that has been treated with onc or more
antioxidants prior to compression into briquettes. Suitable compounds for use as the one or more
antioxidants in certain embodiments according to the first and second embodiments disclosed
herein are well known to those skilled in the art and include, but are not limited to, 2,6-di-t-butyl-
4-methylphenol (also known as 2,6-di-t-butyl-p-cresol); N-(1,3-dimethylbutyl)-N"-phenyl-1,4-
benzenediamine;  octadecyl-3-(3,5-di-tert.butyl-4-hydroxyphenyl)-propionate  (commercially
available as Irganox® 1076); 4,6-bis (octylthiomethyl)-o-cresol (commercially available as
Irganox® 1520), monohydric hindered phenols such as 6-t-butyl-2,4-xylenol, styrenated phenols,
butylated octylphenols; bisphends, for example 4,4-butylidenebis(6-t-butyl-m-cresol),
polybutylated bisphenol A, hindered hydroquinones such as 2,4-di-t-amylhydroquinone;
polyphenols, such as butylated p-cresol-dicyclopentadiene copolymer; phenolic sulfides such as

4,4'-thiobis(6-t-butyl-3-methyl-phenol), alkylated-arylated bisphenol phosphites such as
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tris(nonylphenyl)phosphite, triazinetriones such as alkylated hydroxycinnamate triester of tris(2-
hydroxyethyl)-triazinetrione, tris(alkyhydroxybenzyl)-triazinetrione; pentaerythritol esters such
as tetrakis(methylene-3,5-di-t-butyl-4-hydroxyhydrocinnamate)-methane; substituted
diphenylamines such as octylated diphenylamines, p-(p-touenesulfonamido)-di-phenylamine,
nonylated diphenylamine, diisobutylene-diphenylamine reaction products; dihydroquinolines
such as 6-dodecyl-1,2-dihydro-2,2,4-trimethylquinoline; dihydroquinoline polymers such as 1,2-
dihydro-2,2,4-trimethylquinoline  polymer;  mercaptobenz-imidazoles  such  as  2-
mcrcaptobenzimidazole; metal dithiocarbamates such as nickel dibutyldithiocarbamate, nickel
diisobutyldithiocarbamate, nickel dimethyldithiocarbamate; ketone/aldehyde-arylamine reaction
products such as aniline-butyraldehyde condensation products, diarylamine-ketone-aldehyde
reaction products; and substituted p-phenylenediamines such as  di-b-naphthyl-p-
phenylenephenylenediamine and N-phenyl-N'-cyclohexyl-p-phenylenediamine. The total
amount of the antioxidant employed in those embodiments according to the first and second
embodiments disclosed herein that utilize at least one antioxidant may be in the range of 0.2% to
2% by weight of the purified solid rubber ultimately produced by the process (based upon the
weight of the purified solid rubber containing 0.8 weight % volatile matter).

[0037] In certain embodiments according to the first and second embodiments disclosed
herein, the briquettes are capable of being stored for at least 90 days after compacting while still
having the rubber contained within the briquettes retain a molecular weight of at least 800,000,
preferably at least 1,000,000. In certain preferred embodiments according to the first and second
cmbodiments discloscd hercin, the briqucttes are made of chipped plant matter from a guayule
shrub and the briquettes arc capable of being stored for at least 90 days after compacting while
still having the rubber contained within the briquettes retain a molecular weight of at least
800,000, preferably at least 1,000,000. In other embodiments, according to the first and second
embodiments disclosed herein, the briquettes are capable of being stored for at least 7 months
(210 days) after compacting while still having the rubber contained within the briquettes retain a
molecular weight of at least 800,000, preferably at least 1,000,000. In certain preferred
embodiments according to the first and second embodiments disclosed herein, the briquettes are
made of chipped plant matter from a guayule shrub and the briquettes are capable of being stored
for at least 7 months (210 days) after compacting while still having the rubber contained within

the briquettes retain a molecular weight of at least 800,000, preferably at least 1,000,000.
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Recovery of rubber from briquetted plant matter

[0038] The following discussion of methods of recovering rubber from briquettes should
be understood as generally applicable to both the first and second embodiments of the processes
disclosed herein, wherein a slurry is prepared from briquetted non-Hevea plant matter. (Notably,
as discussed above, the aged briquettes of the second embodiment can be utilized in organic
solvent-based processes such as provided in the first embodiment, in alternative organic solvent-
based processes or in other rubber recovery processes such as water-based recovery processes.)
As previously discusscd, in certain preferred embodiments, the non-Hevea plant matter is from
guayule shrubs. All descriptions of plant matter (or briquettes) within this section should be
understood to encompass the use of guayule plant matter (i.c., from guayule shrubs), even if the
particular explanation does not explicitly state that guayule plant matter is being addressed.

Removal of bagasse from the slurry

[0039] According to the processes disclosed herein, a majority of the bagasse is initially
removed from the slurry to produce a miscella (the slurry having been produced from the
briquettes, as discussed above). (Weight percentages of bagasse referred to herein are based
upon dry weights of bagasse (i.e., with any organic solvents and water having been removed).
As discussed further below, the majority of the bagasse that is initially removed is in certain
embodiments is 60-95 weight % of the bagasse contained within in the slurry, and in other
embodiments 51-60 weight %, 60-80 weight %, 70-95 weight % or 75-95 weight %. The total
amount of bagasse present in the slurry may be determined by taking a representative sample of
the slurry--taking carc to cnsurc there is no scttling of the bagassc within the slurry prior to
taking the sample--and cxtracting the insoluble materials by repeated rinsing and centrifuging.
In other words, repeated rinsing and centrifuging of sediment followed by repeated centrifuging
of each resulting supernatant to ensure complete removal of the insoluble bagasse materials.
Three or more rounds of rinsing and centrifuging may be necessary. After condensing and
drying of insoluble materials to remove organic solvents, the total weight of the insoluble
materials can be determined. The amount of bagasse present in the sample can be calculated and
by extension the total weight of bagasse present in the entire slurry can be calculated.) The
miscella contains a certain amount of bagasse (i.e., the portion not removed from the slurry),
solubilized rubber, solubilized resin, at least one polar organic solvent and at least one non-polar

organic solvent. In certain embodiments of the processes disclosed herein, 60-95 weight % of
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the bagasse, 60-80 weight %, 70-95 weight % or 75-95 weight % of the bagasse is removed from
the slurry to form the miscella. In certain preferred embodiments of the processes disclosed
herein, at least 70 weight % or at least 75 weight % of the bagasse is removed from the slurry to
form the miscella.

[0040] The removal of the bagasse from the slurry take may place by utilizing various
equipment and/or processes and/or chemicals. The bagasse portion that is removed from the
slurry is referred to herein as a first bagasse portion. In certain preferred embodiments of the
processes disclosed herein, the removing of the bagasse from the slurry to produce a miscella is
accomplished by using a centrifuge, optionally a decanter centrifuge. In other embodiments of
the processes disclosed herein, the removing of the bagasse from the slurry to produce a miscella
is accomplished using an extraction decanter or a screw press. In yet other embodiments of the
processes disclosed herein, the removing of the bagasse from the slurry to produce a miscella is
accomplished using a counter-current extractor. In certain embodiments of the processes
disclosed herein, a portion or all of the first bagasse portion is fed back into the slurry so as to
allow for transfer of additional solubilized rubber or resin that is associated with the solvent-wet
bagasse into the liquid portion of the slurry (i.e., the miscella). In other embodiments of the
processes disclosed herein, none of the first bagasse portion is fed back into the slurry. In certain
embodiments of the processes disclosed herein, at least a portion of the miscella (containing
solvents, rubber, resin and bagasse) that is produced from the slurry is fed back into the slurry.

In other embodiments of the processes disclosed herein, none of the miscella is fed back into the
shurry.

[0041] In certain embodiments, when a decanter centrifuge is utilized to remove bagasse
from the slurry, it is operated at a speed sufficient to generate a g force of 500 to 3,500,
preferably 1,000 to 3,000 or 1,000 to 2,500. (As those skilled in the art will understand g force is
a measure of the amount of acceleration applied to a sample and is a function of rotations per
minute and rotation radius.) It is also within the scope of the processes described herein to
utilize more than one centrifuge to remove the majority of the bagasse from the slurry. In certain
embodiments of the processes described herein, the solids content of the miscella that is
produced by removing bagasse from the slurry is 5-20 weight %, preferably 7-18 weight %
(based upon the total weight of the miscella), with solids being considered bagasse, rubber and

resin. In certain embodiments according to the processes described herein, the miscella contains
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1-10 weight % rubber and 1-10 weight % resin; in other embodiments the miscella contains 3-7

weight % rubber and 3-9 weight % resin.

[0042] As previously discussed, in certain particular embodiments of the processes
disclosed herein, the slurry is subjected to a centrifuging process in order to remove 70-95
weight % bagasse (based on the total weight of bagasse in the slurry) to produce a miscella. The
miscella contains bagasse, solubilized rubber, solubilized resin, at least one polar organic solvent
and at least one non-polar organic solvent. In certain embodiments, the slurry is subjected to a
centrifuging process in order to remove at least 75 weight % bagasse; in certain such
embodiments, 75-95 weight % of the bagasse. In certain embodiments, the centrifuge is a
decanter centrifuge, and in certain such embodiments it is operated at a speed sufficient to
generate 500-3,500 g, preferably 1,000 to 3,000 g. It is also within the scope of the processes
described herein to utilize more than one centrifuge to remove at least 70 weight % (e.g., 70-95
weight %) or at least 75 weight % (e.g., 75-95 weight %) bagasse from the slurry. In certain
embodiments of the processes described herein, the solids content of the miscella that is
produced by removing bagasse from the slurry is 5-20 weight %, preferably 7-18 weight %
(based upon the total weight of the miscella), with solids being considered bagasse, resin and
rubber. In certain embodiments of the processes disclosed herein, the miscella contains 1-10
weight % rubber and 1-10 weight % resin or; in other embodiments of the processes described

herein, the miscella contains 3-7 weight % rubber and 3-9 weight % resin.

[0043] As previously discussed, in certain particular embodiments of the processes
disclosed herein the slurry is subjected to an extraction process in order to remove 60-95% by
weight bagasse (based on the total weight of bagasse present in the slurry), thereby producing a
miscella. The cxtraction proccss may involve the usc of an cxtraction decanter. An cxtraction
decanter can be a scroll-type centrifuge (often horizontal) with a cylindrical conical solid-wall
bowl. A scroll that is adapted to the bowl wall is located within the bowl and rotates therein.
The suspension or slurry to be extracted is fed into the machine (often via distributor slots in the
scroll of the bowl). The slurry or suspension then enters the counter-current extraction zone of
the bowl and flows to the conical end of the bowl via a separating disc against the flow of an
extraction agent that is added (i.e., counter-current effect). The use of certain extraction
decanters can allow for the addition of additional solvent during the extraction process and may

be operated in a continuous or semi-continuous manner. Various types of extraction decanters
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exist, including those that employ counter-current extractions, scroll-type decanters and screen
bowl type and solid bowl type. Preferably, the extraction decanter utilized is a counter-current
extractor. As used herein, the phrase extraction decanter should be understood to include various
types of extraction decanters including counter-current extractors, scroll-type decanters, screen
bowl type and solid bowl type. In certain embodiments, the slurry is subjected to an extraction
process sufficient to remove at least 70 weight % bagasse. In certain embodiments, the
extraction process consists of an cxtraction decanter. An cxtraction decanter can be operated at
various scttings, depending upon the size and paramcters of the particular machine and the
amount of bagasse that is to be removed. It is also within the scope of the processes described
herein to utilize more than one extraction decanter to remove at least 70 weight % or at least 75
weight % bagasse from the slurry. In certain embodiments, the solids content of the miscella that
exits the extraction decanter is 5-20 weight %, preferably 7-18 weight % (based upon the total
weight of the miscella), with solids being considered bagasse, resin and rubber. In certain
embodiments of the processes described herein, the miscella that exits the extraction decanter
contains 1-10 weight % rubber and 1-10 weight % resin. In other embodiments of the processes
described herein, the miscella contains 3-7 weight % rubber and 3-9 weight % resin. It is also
specifically contemplated that the extraction process step (e.g., using an extraction decanter) with
its removal of a portion of the bagasse contained within the slurry may be used in combination
with the addition of additional solvent (i.c., polar organic solvent, non-polar organic solvent or a
combination thereof) so as to provide a modified miscella that contains relatively less bagasse
and, thus, has a solids content that is appropriatc for processing via the next bagassc removal step
(which, in certain embodiments, cntails the usc of a disc centrifuge). It should be appreciated
that when the solids content of the material entering the disc centrifuge is relatively lower (e.g.,

in the range of 5-10 weight %), a relatively smaller disc centrifuge may be utilized.

[0044] As previously discussed, in certain particular embodiments of the processes
disclosed herein, the slurry is subjected to a pressing process in order to remove at least 60% by
weight bagasse (based on the total weight of bagasse present in the slurry), thereby producing a
miscella. The pressing process may involve the use of a screw press. A screw press is a type of
machine that contains a screw within a chamber the length of which is surrounded by cylindrical
screen-like material. The screw is caused to turn which causes the material within the chamber

to press through the chamber and up against the screen. The shaft of the screw may be larger in
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diameter towards the far end of the shaft so that the increasing diameter pushes the solid material
toward the screen whereby liquid is expelled through the screen. Solid material is generally
pushed along by the screw and may be pressed against the screen but does not pass through. As
the screw continues to turn, a collection of solid material forms at the far end of the chamber.
This solid material is often referred to as a press cake. At the far end of the chamber a plug or
door is located (the plug or door is often called a cone). The cone is usually held shut by air
pressure and the higher the air pressure, the harder the screw must push against the press cake to
open and the more liquid that is cxpelled from the press cake. Most screw presses can be
operated in a continuous fashion. In certain embodiments of the processes disclosed herein, the
shurry is subjected to a pressing process sufficient to remove at least 70 weight % bagasse. In
certain embodiments, the pressing process is accomplished by a screw press. In embodiments
where a screw press is utilized, it is can be operated at various conditions depending upon the
size and operating parameters of the particular screw press utilized. Various commercially
available screw presses exist, including, but not limited to, those sold by Vincent Corporation

(Tampa, Florida).

[0045] In certain embodiments of the processes disclosed herein where a screw press is
utilized it is operated at an rpm setting of 20-100 rpm, and at a back pressure of 5-15 psi
(preferably 5-10 psi). It is also within the scope of the processes described herein to utilize more
than one screw press or pass the bagasse through the screw press more than once (with addition
of additional co-solvent to the bagasse press cake prior to any second pressing) to remove at least
70 weight % or at least 75 weight % bagasse from the slurry. In certain embodiments of the
processes described herein, the solids content of the miscella that exits the press is 5-20 weight
%, preferably 5-10 weight % (based upon the total weight of the miscella), with solids being
considered bagasse, resin and rubber. In certain embodiments of the processes described herein,
the miscella (liquor) that exits the press contains 1-10 weight % rubber and 1-10 weight % resin;

in other embodiments, the miscella contains 3-7 weight % rubber and 3-9 weight % resin.

[0046] In certain embodiments of the processes disclosed herein, the removal bagasse
from the slurry to produce a miscella is achieved by the use of a counter-current extractor. In
certain embodiments, the bagasse removed by the counter-current extractor comprises 60-95%
by weight of the bagasse that is contained within the slurry; in other embodiments 70-95% or

even 75-95%. In certain embodiments utilizing the counter-current extractor, the bagasse and
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solvents mixture (i.c., the slurry) is mixed within a separate extractor for a period of time prior to
use of the counter-current extractor, allowing for additional time for the solvent to contact the
plant matter and solubilize the rubber and resins contained within the broken cells of the plant
matter. In other embodiments, the bagasse and solvents mixture (i.c., the slurry) is not pre-mixed
prior to being added to the counter-current extractor or is only pre-mixed just prior to being
added to the counter-current extractor. A counter-current extractor works by the general
principle of circulating or moving solids in onc direction, while circulating or moving liquid
(c.g., solvents) in the opposite dircction, thereby increasing the amount of contact between solids
and liquid. Various particular configurations of counter-current extractors arc available and

suitable for use in the processes disclosed herein.

[0047] In certain embodiments where a counter-current extractor is utilized, the plant
matter that is mixed with the solvents to form the slurry is allowed to remain in contact with the
solvents for a sufficient period of time to allow solubilization of the rubber and resin that is
contained within the broken plant cells of the plant matter, prior to removing the majority of the
bagassc from the counter-current extractor. In certain such embodiments, the plant matter is
allowed to remain in contact with the solvents for 0.3-3 hours prior to removing the majority of
the bagasse from the counter-current extractor; in other embodiments 0.5 hours-1.5 hours. It
should be understood that the plant matter may be allowed to remain in contact with the solvents
for longer period of time such as 1-8 hours or 3-8 hours prior to removing the majority of
bagasse from the counter-current extractor. The contact periods of time referred to include both
the (average) time that the plant matter is in contact with the solvents in the counter-current
extractor, as well as any time that the plant matter is in contact with the solvents in the separate

extractor, if such separate extractor is utilized.

[0048] In certain embodiments where a counter-current extractor is utilized, the counter-
current extractor is configured such that it contains multiple levels or stages with each level or
stage containing bagasse that has been subjected to the solvents for varying and increasing
amounts of time. Within these stages, the bagasse is moved through the counter-current
extractor by a conveyor belt, screw or another type of conveying apparatus. At what can be
considered the final level or stage which is where the bagasse has been in contact with the
solvent for the longest period of time, the bagasse is removed from the counter-current extractor

(such as by the use of a screw, a conveyor belt or another type of conveying apparatus). In
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certain embodiments, the bagasse that is being removed from the counter-current extractor is
subjected to rinsing with fresh solvent (i.e., the mixture of non-polar organic solvent and polar
organic solvent) in order to remove at least part of the rubber that may be solubilized but is

associated with the solvent-wet bagasse.

[0049] In certain embodiments where a counter-current extractor is utilized, the bagasse
that is removed from the counter-current extractor contains both bagasse and solvent mixture in
relative amounts of 40-80% by weight solvent; in other embodiments, the bagasse that is
removed contains 40-60% by weight solvent or 40-50% by weight solvent. In certain
embodiments where a counter-current extractor is utilized, the bagasse that is removed from the
counter-current extractor is pressed or squeezed to remove additional solvent. This squeezing or
pressing may be employed by one or more methods including, but not limited to, a screw press,

tray drier, extrusion, devolatilization, etc.

Adding additional organic solvents

[0050] As previously discussed, in certain embodiments of the processes disclosed
herein, additional polar organic solvent, non-polar organic solvent or a combination thereof (each
of which may be the same or different than the solvents present in the slurry) is added to the
miscella to form a reduced viscosity miscella. The reduced viscosity miscella contains bagasse,
solubilized rubber and resin as well as organic solvents. In certain preferred embodiments, any
additional organic solvents added are the same as those contained within the slurry in order to
simplify the process. The amount of any additional polar organic solvent that is added is less
than the amount that causes the rubber contained within the reduced viscosity miscella to
coagulate as the rubber should remain solubilized within the reduced viscosity miscella. As
those skilled in the art will appreciate, the particular amount of any additional solvent(s) added
will depend upon the volume of the miscella and the relative amounts of polar and non-polar
organic solvents contained within the miscella as well as the particular subsequent processing to
be performed upon the miscella to remove additional bagasse. In certain embodiments of the
processes disclosed herein, the amount of additional solvent(s) added is an amount sufficient to
produce a reduced viscosity miscella with a viscosity of less than 300 centipoise (e.g., 10-300
centipoise) and in other embodiments less than 200 centipoise (e.g., 10-200 centipoise). In
certain embodiments, the step of adding additional polar organic solvent, additional non-polar

organic solvent or a combination thereof is performed within the previous bagasse removal step
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and the viscosity of the miscella is such that it does not require further reduction. The general
purpose behind reducing the viscosity of the miscella is to make it easier to remove smaller
bagasse (¢.g., fine bagasse finer than 105 microns and fine bagasse larger than 45 microns) in the
subsequent steps of the process. As those skilled in the art will understand, the amount to which
the viscosity of the reduced viscosity miscella is reduced (and accordingly, the amount of any
additional organic solvent(s) added) will to a large extent be dictated by the parameters of the
remaining steps of the process, including particularly the speed and/or number of steps by which
smaller bagasse arc removed to ultimately produce the coagulated rubber and solid purified

rubber therefrom.

[0051] In certain embodiments of the processes described herein, the solids content of the
reduced viscosity miscella or of the miscella/liquid material entering the next bagasse removal
process is 2-18 weight %, preferably 5-15 weight % (based upon the total weight of the reduced
viscosity miscella or of the miscella/liquid material), with solids including bagasse, rubber and
resin. In certain embodiments according to the processes described herein, the reduced viscosity
miscclla (or the miscella) contains 0.5-7 weight % rubber and 0.5-8 weight % resin (based upon

the total weight of the reduced viscosity miscella or the miscella).

[0052] As previously discussed, in certain embodiments of the processes disclosed
herein, additional polar organic solvent, non-polar organic solvent or a combination thereof (each
of which may be the same or different than the organic solvents present in the slurry) is added to
the miscella to form a reduced viscosity miscella with a viscosity lower than 200 centipoise (e.g.,
10-200 centipoise). In other embodiments, additional polar organic solvent, non-polar organic
solvent or a combination thereof is added to the miscella to form a reduced viscosity miscella
with a viscosity lower than 300 centipoisc (c.g., 10-300 centipoisc). Onc or morc than onc
organic solvent may be added. One or more than one polar organic solvent may be added. One
or more than one non-polar organic solvent may be added. The reduced viscosity miscella
contains bagasse, solubilized rubber and resin as well as organic solvents. In certain preferred
embodiments, additional polar organic solvent is added to the miscella to form the reduced
viscosity miscella. In certain preferred embodiments, any additional polar organic solvent is
added that is the same as the at least one polar organic solvent contained within the slurry in
order to simplify the process. The amount of any additional polar organic solvent that is added is

less than the amount that causes the rubber contained within the reduced viscosity miscella to

24



CA 02866427 2014-09-04

WO 2013/134429 PCT/US2013/029449

coagulate as the rubber should remain solubilized within the reduced viscosity miscella. As
those skilled in the art will appreciate, the particular amount of additional organic solvent(s)
added will depend upon the volume of the miscella and the relative amounts of polar and non-
polar organic solvents contained within the miscella. The general purpose behind reducing the
viscosity of the miscella is to make it easier to remove smaller bagasse (e.g., fine bagasse finer
than 105 microns and fine bagasse larger than 45 microns) in the subsequent steps of the process.
As those skilled in the art will understand, the amount to which the viscosity of the reduced
viscosity miscella is reduced (and accordingly, the amount of additional organic solvent(s)
added) will to a large extent be dictated by the parameters of the remaining steps of the process,
including particularly the speed and/or number of steps by which smaller bagasse are removed to
ultimately produce the coagulated rubber and solid purified rubber therefrom. In certain
embodiments according to the processes described herein, the solids content of the reduced
viscosity miscella or of the liquid material entering the next bagasse removal process is 2-18
weight %, preferably 5-15 weight % (based upon the total weight of the reduced viscosity
miscella), with solids including bagasse, rubber and resin. In certain embodiments of the
processes described herein, the reduced viscosity miscella contains 0.5-7 weight % rubber and

0.5-8 weight % resin (based upon the total weight of the reduced viscosity miscella).

Second removal of bagasse

[0053] As should be clear from the previous discussion of the processes disclosed herein,
after the miscella is produced by removing a majority of the bagasse from the slurry, additional
bagasse remains within the miscella, a portion of which must be removed in order to produce a
commercially acceptable final rubber product. As previously discussed, in certain embodiments
of the processes disclosed herein, 80-95 weight % bagasse (based on the total weight of bagasse
present in the reduced viscosity miscella or the miscella from which a majority of bagasse has
been removed) is removed from the reduced viscosity miscella or from the miscella to form a
purified miscella. A majority of the bagasse that is removed to form the purified miscella has a
particle size less than 105 microns. (In other words, at least 50% by weight of the bagasse that is
removed has a particle size less than 105 microns and in certain embodiments at least 90% or
95% by weight of the bagasse that is removed has a particle size less than 105 microns. The
particle size range of the bagasse that is removed can be determined by drying the bagasse to

remove organic solvents and then subjecting the dried mass to particle size analysis such as by
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sieve analysis. Various methods for particle size analysis are well known to those skilled in the
art.) The purified miscella contains solubilized rubber and resin as well as organic solvents. In
certain embodiments of the processes disclosed herein, at least 85 weight % (e.g., 85-95 weight
%) or at least 90 weight % (e.g., 90-95 weight %) bagasse is removed to form the to form a
purified miscella. In certain preferred embodiments according to the processes disclosed herein,
the removing of additional bagasse to produce the further purified miscella is accomplished by
using a centrifuge, optionally a disk centrifuge. In certain embodiments, when a disk centrifuge
is utilized, it is opcrated at a speed sufficient to gencerate a g force of 4,000 to 12,000, preferably
7,000 to 10,000. It is also within the scope of certain embodiments of the processes described
herein to utilize more than one centrifuge or more than one treatment method to remove the
additional bagasse to produce the purified miscella. In certain embodiments of the processes
described herein, the solids content of the purified miscella is 2-16 weight %, preferably 3-12
weight % (based upon the total weight of the purified miscella), solids including rubber, resin
and bagasse. In certain embodiments according to the processes described herein, the purified
miscella contains 0.5-7 weight % rubber and 0.5-8 weight % resin (based upon the total weight

of the purified miscella).

Further purification of the purified miscella

[0054] As previously discussed, optionally certain embodiments of the processes
disclosed herein, the purified miscella is treated to remove additional bagasse thereby producing
a clarified rubber solution that contains 0.01-1% bagasse (based on the total weight of bagasse
present in the slurry). In certain such embodiments, 0.01-0.5% bagasse or even 0.01-0.1%
bagasse (based on the total weight of bagasse present in the slurry) remains in the clarified
rubber solution. 90-99% (by weight) of the additional bagasse that is removed (from the purified
miscella) has a particle size greater than 45 microns and in other embodiments, 95-99% by
weight of the additional bagasse that is removed has a particle size greater than 45 microns. The
clarified rubber solution contains solubilized rubber and solubilized resin (from the plant matter)
as well as polar and non-polar organic solvent. In certain preferred embodiments, the removing
of additional bagasse from the purified miscella is accomplished by filtering, optionally by the
use of a screen-bar element type-filter containing openings of 45 microns or less, continuously
scraped by a rotating blade. Screen-bar clement type filters are characterized by a screen filter

with opening of a specified size through which fluid is passed. Solids larger than the openings
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are caught by the screen filter and removed from the screen filter by scraping such as by a
rotating blade. The solids can then fall to the bottom of the filter apparatus where they can be
collected and/or discharged periodically. Other processes, including, but not limited to other
filtering methods, may be used to remove additional bagasse from the purified miscella to
produce a clarified rubber solution that contains 0.01-1% bagasse (based on the total weight of
bagasse present in the slurry). It is also within the scope of the processes described herein to
utilize more than one filter or more than onc trecatment method to remove the additional bagassc
thereby producing a clarificd rubber solution that contains 0.01-1% bagassc (bascd on the total

weight of bagasse present in the slurry).

Organic solvents

[0055] In any of the embodiments of the processes disclosed herein, the organic solvents
contained within the slurry and any additional organic solvents (polar organic solvent, non-polar
organic solvent, or a combination thercof) added to the miscella to form a reduced viscosity
miscella or elsewhere in the process may be the same or different (i.e., overall one non-polar
organic solvent may be utilized and overall onc polar organic solvent may be utilized, or
alternatively more than one of each maybe be utilized.). Preferably, all non-polar organic
solvent utilized within the process are the same and all polar organic solvent utilized within the

process are the same.

[0056] In any of the foregoing embodiments of the processes disclosed herein, the at least
one polar organic solvent of the slurry and any additional polar organic solvent added to the
miscella to form a reduced viscosity miscella or added elsewhere in the process may be selected
from the group consisting of alcohols having 1 to 8 carbon atoms (e.g., ethanol, isopropanol,
cthanol and the like); ethers and esters having from 2 to 8 carbon atoms; cyclic cthers having
from 4 to 8 carbon atoms; and ketones having from 3 to § carbon atoms (e.g., acetone, methyl
cthyl ketone and the like); and combinations thereof. In certain preferred embodiments of the
processes disclosed herein, the at least one non-polar organic solvent and any additional non-
polar organic solvent are each hexane or cyclohexane with the at least one polar organic solvent
and any additional polar organic solvent optionally being acetone. Other polar organic solvents
(individually or in combination) may be used in embodiments of the processes disclosed herein
as long as the polar organic solvent preferentially solvates a portion of non-rubber extractables

(e.g., resins) and acts (at a certain concentration) to coagulate natural rubber. In any of the
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embodiments of the processes disclosed herein, mixtures of two or more polar organic solvents

may be utilized.

[0057] In any of the foregoing embodiments of the processes described herein, the at
least one non-polar organic solvent that is contained within the slurry and any additional non-
polar organic solvent added to the miscella to form a reduced viscosity miscella or elsewhere in
the process may be selected from the group consisting of alkanes having from 4 to 9 carbon
atoms (e.g., pentane, hexane, heptanes, nonane and the like); cycloalkanes and alkyl
cycloalkanes having from 5 to 10 carbon atoms (e.g., cyclohexane, cyclopentane and the like);
aromatics and alkyl substituted aromatics having from 6 to 12 carbon atoms (e.g., benzene,
toluene, xylene and the like); and combinations thercof. In certain preferred embodiments
according of the processes disclosed hercin, the at least one polar organic solvent of the slurry
and any additional polar organic solvent are each acetone, and the at least one non-polar organic
solvent of the slurry and any additional non-polar organic solvent are optionally hexane or
cyclohexane. Other non-polar organic solvents (individually or in combination) may be used in
embodiments of the processes disclosed hercin as long as the non-polar organic solvent
preferentially solvates natural rubber. In any of the embodiments of the processes disclosed

herein, mixtures of two or more non-polar organic solvents may be utilized.

[0058] As previously discussed, in certain embodiments of the processes described
herein, the relative amount of at least one non-polar organic solvent and at least one polar
organic solvent contained within the slurry is 50-90 % by weight and 10-50 % by weight,
respectively, based upon the total amount of organic solvent. In certain preferred embodiments,
the amount of the at least one non-polar organic solvent is 60-85 % by weight and the amount of
the at least onc polar organic solvent is 15-40% by weight. In certain embodiments of the
processes disclosed herein, it is advantageous to control or adjust the viscosity of the combined
organic solvent mixture (i.c., the at least one non-polar organic solvent and the at least one polar
organic solvent) to 10-1000 centipoise, particularly for certain portions of the process such as the
slurry portion where rubber and resin are being solubilized from the ruptured cells of the plant.
In certain such embodiments, the viscosity of the combined organic solvent mixture is controlled
or adjusted to 35-800 centipoise. Relatively higher viscosities within the foregoing ranges will
be useful for a portion of the process where rubber and resin solubilization from the ruptured

cells of the plant is occurring so as to maximize solubilization and minimize settling of bagasse
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particles. Conversely, a relatively lower viscosity within the foregoing ranges will be useful for
a portion of the process where rubber and resin have already been solubilized, but the bagasse is
being washed to ensure that solubilized rubber and resin are retained with the liquid/solvent

instead of with the solvent-wet bagasse.

Miscellaneous

[0059] In various embodiments according to the processes disclosed herein, one or more
antioxidants may optionally be utilized along with the plant matter, the slurry or elsewhere in the
process of removing rubber from the plant matter. In preferred embodiments of the processes
disclosed herein, one or more antioxidant are added to the clarified rubber solution before the
relative amount of polar organic solvent as compared to non-polar organic solvent is increased.
However, in other embodiments of the processes disclosed herein, one or more antioxidants may
be added at one or more other points during the process. Preferably, when one or more
antioxidants are added, they are added after removal of the at least 80%, at least 85% or at least
90% bagasse from the reduced viscosity miscella. Alternatively, in certain embodiments of the
processes disclosed herein, one or more antioxidants may be added to the plant matter prior to its
incorporation into the slurry. Suitable compounds for use as the one or more antioxidants in the
processes disclosed herein include, but are not limited to, 2,6-di-t-butyl-4-methylphenol (also
known as 2,6-di-t-butyl-p-cresol);  N-(1,3-dimethylbutyl)-N’-phenyl-1,4-benzenediamine;
octadecyl-3-(3,5-di-tert.butyl-4-hydroxyphenyl)-propionate (commercially available as Irganox®
1076); 4,6-bis (octylthiomethyl)-o-cresol (commercially available as Irganox® 1520),
monohydric hindered phenols such as 6-t-butyl-2,4-xylenol, styrenated phenols, butylated
octylphenols; bisphenols, for example 4,4'-butylidenebis(6-t-butyl-m-cresol), polybutylated
bisphenol A, hindered hydroquinones such as 2,4-di-t-amylhydroquinone; polyphenols, such as
butylated p-cresol-dicyclopentadiene copolymer; phenolic sulfides such as 4,4'-thiobis(6-t-butyl-
3-methyl-phenol), alkylated-arylated bisphenol phosphites such as tris(nonylphenyl)phosphite,
triazinetriones such as alkylated hydroxycinnamate triester of tris(2-hydroxyethyl)-triazinetrione,
tris(alkyhydroxybenzyl)-triazinetrione; pentaerythritol esters such as tetrakis(methylene-3,5-di-t-
butyl-4-hydroxyhydrocinnamate)-methane; substituted diphenylamines such as octylated
diphenylamines,  p-(p-touenesulfonamido)-di-phenylamine, nonylated  diphenylamine,
diisobutylene-diphenylamine reaction products; dihydroquinolines such as 6-dodecyl-1,2-

dihydro-2,2,4-trimethylquinoline; dihydroquinoline polymers such as 1,2-dihydro-2,2,4-

29



CA 02866427 2014-09-04

WO 2013/134429 PCT/US2013/029449

trimethylquinoline polymer; mercaptobenz-imidazoles such as 2-mercaptobenzimidazole; metal
dithiocarbamates such as nickel dibutyldithiocarbamate, nickel diisobutyldithiocarbamate, nickel
dimethyldithiocarbamate; ketone/aldehyde-arylamine reaction products such as aniline-
butyraldehyde condensation products, diarylamine-ketone-aldehyde reaction products; and
substituted p-phenylenediamines such as di-b-naphthyl-p-phenylenephenylenediamine and N-
phenyl-N'-cyclohexyl-p-phenylenediamine.  The total amount of the antioxidant employed in
those embodiments of the processes disclosed that utilize at lcast one antioxidant herein may be
in the range of 0.2% to 2% by weight of the purified solid rubber ultimately produced by the
process (based upon the weight of the purified solid rubber containing less than 0.5 weight %

solvent).

[0060] As previously discussed, the relative amount of polar organic solvent as compared
to non-polar organic solvent within the clarified rubber solution is increased so as to coagulate
the rubber that is solubilized within the clarified rubber solution. In certain embodiments, the
amount of polar organic solvent is increased by adding additional polar organic solvent. In other
embodiments, the relative amount of polar organic solvent is increased by removing non-polar
organic solvent. The relative amount of polar organic solvent is increased to an extent that
causes the rubber contained within the clarified rubber solution to begin to coagulate. The
particular amount of additional polar organic solvent that is added and/or the particular amount
of non-polar organic solvent that is removed will depend upon the volume of the miscella and the
relative amounts of polar and non-polar organic solvents contained within the miscella and upon
the amount of rubber coagulation desired. Higher molecular weight rubber (which is generally
more desirable in terms of a final product) will coagulate first. In certain embodiments,
coagulation is controlled so that higher molecular weight rubber (preferably rubber with a
molecular weight of at least 800,000 (e.g., 800,000-1,5,00,000), even more preferably at least
1,000,000 (e.g., 1,000,000-1,500,000)) coagulates and lower molecular weight rubber remains in
solution. The molecular weights of rubber that are referred to herein are determined by GPC,

utilizing a polystyrene standard.

[0061] In certain embodiments of the processes disclosed herein, it may be helpful to
allow for some amount of settling time so that the fraction containing higher molecular weight
rubber can separate from the lighter fraction containing lower molecular weight rubber and also

resin. In certain embodiments of the processes disclosed herein, a fractionator (optionally cone-
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shaped) may be utilized to assist in the separation whereby the heavier, higher molecular weight
rubber fraction settles at the bottom of the fractionators and can be removed (such as by
pumping) from the bottom. In certain embodiments of the processes disclosed herein, the
removal of the higher molecular weight rubber fraction is continuous so as to maintain a constant
or relatively constant phase interface within the fractionator. The upper phase (containing lower
molecular weight rubber and resin) can be separated and may be recycled or re-used in various
ways. In certain embodiments, the relative amount of polar organic solvent as compared to non-
polar organic solvent can be incrcased by both adding additional polar organic solvent and
removing non-polar organic solvent. In certain embodiments, one or more than onc additional
polar organic solvent can be added to the clarified rubber solution in a total amount so as to
coagulate the rubber solubilized therein. In preferred embodiments, when additional polar
organic solvent is added, it is the same polar organic solvent as is contained within the slurry. In
other embodiments according, when additional polar organic solvent is added, it may be a

different polar organic solvent than is contained within the slurry.

[0062] As previously discussed, according to the processes disclosed herein, solid
purified rubber can be produced from the coagulated rubber that coagulates in the clarified
rubber solution. Various processes can be utilized for isolating the solid purified rubber. These
processes gencrally comprise removal of solvent (primarily non-polar organic solvent but also
some polar organic solvent) associated with the coagulated rubber. Residual solvent can be
removed from the coagulated rubber by evaporating the solvent such as with the application of
heat and/or vacuum. In certain embodiments of the processes disclosed herein, the residual
solvent is removed in one or multiple phases (two, three, four, five or more) that include the use
of both heat and vacuum. In certain embodiments, heat that is applied preferably raises the
temperature of the coagulated rubber to above the boiling point of the residual organic solvents
associated with the coagulated rubber. In certain embodiments, this temperature is 40 °C to 100
°C in order to facilitate the removal of solvent. In certain embodiments, the pressure is reduced
to 3-30 inches Hg (10-100 kPa) in order to facilitate the removal of solvent. Solvent that is
removed can be condensed and recovered for further use. In preferred embodiments, the solid
purified rubber that is produced has a molecular weight of at least 800,000 (e.g., 800,000-
1,500,000), cven more preferably at Ieast 1,000,000 (c.g., 800,000-1,500,000), molecular weight

being based upon a polystyrene standard. The amount of solvent that is removed from the
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coagulated rubber will vary according to desired use and shipment method. In certain
embodiments, solid purified rubber can be collected into bales. In preferred embodiments, no
more than 2 weight %, preferably no more than 1 weight % and even more preferably no more
than 0.8 weight % of volatile matter (based upon the total weight of the solid purified rubber)
remains within the solid purified rubber after it has been subjected to one or more solvent
removal steps. As previously discussed, according to certain embodiments of the processes
described herein, when the solid purificd rubber contains 0.8 weight % volatile matter, it will
also contain 0.05-0.5 weight % dirt, 0.2-1.5 weight % ash and 0.1-4 weight % rcsin. (It should
be understood that the solid purified rubber produced according to the processes disclosed herein
may contain relatively more or less organic solvent, and that the 0.8 weight % volatile matter is
provided as an exemplary content for purposes of determining whether sufficient removal of dirt,
ash and resin has been achieved. In certain preferred embodiments, the solid purified rubber

contains 0.8 weight % or less volatile matter.

[0063] In certain embodiments of the processes described herein, the amount of rubber
that is removed from the slurry represents at Icast 95 weight % (c.g., 95-99% or 95-98%) of the
rubber that is contained within the plant matter-containing slurry. Preferably, in such
embodiments, the plant matter is from guayule shrubs. In certain more preferred embodiments
of the processes described herein, the amount of rubber that is removed from the slurry
represents at least 96 weight % (e.g., 96-99% or 96-98%) of the rubber that is contained within
the plant matter-containing slurry. Preferably, in such embodiments, the plant matter is from
guayule shrubs. In preferred embodiments of the processes described herein, the amount of
rubber that is removed from the slurry represents at least 98 weight % of the rubber that is
contained within the plant matter-containing slurry. Preferably, in such embodiments, the plant
matter is from guayule shrubs. Total rubber present in the plant matter-containing slurry can be
determined following a similar method as to that used to determine total bagasse present in the
slurry, as discussed above, except focusing upon the supernatants obtained from repeated
centrifuging and rinsing. After all bagasse has been removed from the slurry sample (using the
repeated centrifuging and rinsing procedure described previously), the supernatant portions are
collected together and the rubber within is coagulated by adding additional polar solvent (the
resin will remain solubilized). Polar solvent should be added beyond the point at which

coagulation begins to ensure coagulation of lower molecular weight rubber as well as higher

32



CA 02866427 2014-09-04

WO 2013/134429 PCT/US2013/029449

molecular weight rubber. The coagulated rubber can then be filtered away from the solvents,
rinsed with several additional pure polar solvent fractions (the rinse being added to the resin-
containing solvent portion). After drying (to remove any remaining solvent), the rubber is
weighed and the total amount of rubber in the original plant matter-containing slurry can be
calculated. Total resin present in the plant matter-containing slurry can be determined by drying
the solvent left behind after the rubber coagulates (adding in all additional polar solvent rinses

uscd to rinse the coagulated rubber).

Temperature

[0064] As previously discussed, multiple aspects of the processes herein are conducted at
a temperature or temperatures of 10-80 °C and different aspects of the process may be conducted
at the same temperature or at different temperatures) and a pressure of 35-1000 kPa. In certain
embodiments according to the processes disclosed herein, multiple aspects of the process are
conducted at a temperature or temperatures of 10-50 °C (preferably those aspects of the process
denoted as (a)-(e) in various embodiments herein and/or meeting the description of being prior to
the stage where organic solvent is removed from coagulated rubber). As those skilled in the art
will understand, the particular temperature or temperatures at which the individual aspects of the
processes are conducted may vary depending upon the identity of the at least polar organic
solvent and at least one non-polar organic solvent utilized. However, it is intended that those
aspects of the processes disclosed herein that are directed to removing bagasse from the slurry to
produce a miscella; adding additional polar organic solvent to produce a reduced viscosity
miscella; removing 80-95 weight % bagasse from the reduced viscosity miscella (or the miscella)
to form a purified miscella; and optionally treating the purified miscella to remove additional
bagasse thereby producing a clarified rubber solution containing 0.01-1 % by weight bagasse
will be operated at a temperature or temperatures below the boiling point of the mixture of at
least one polar organic solvent and at least one non-polar organic solvent utilized. Subsequent or
later aspects of the processes (i.e., increasing the relative amount of polar organic solvent as
compared to non-polar organic solvent within the clarified rubber solution so as to coagulate the
rubber and producing solid purified rubber from the coagulated rubber) are preferably conducted
at a temperature or temperatures above the boiling point of the at least one polar organic solvent
and/or above the boiling point of the mixture of the at least one polar organic solvent and at lcast

one non-polar organic solvent.
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[0065] Multiple steps within each of the first and second embodiments of the processes
described herein are preferably conducted on a continuous basis. In certain embodiments of the
first and second embodiments of the processes described herein, (a)-(g) are conducted on a

continuous basis.

EXAMPLES

[0066] The following examples are for purposes of illustration only and are not intended

to limit the scope of the claims which are appended hereto.

[0067] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which the
technology of this application belongs. While the present application has been illustrated by the
description of embodiments thercof, and while the embodiments have been described in
considerable detail, it is 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, is not
limited to the specific details, the representative embodiments, and illustrative 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.

Example 1: Preparation of Briquettes

[0068] Approximately 150 pounds of 6-year old guayule shrub was harvested. The shrub
was a premium varicty (designated AZ-2) obtained from the U.S.D.A. in Maricopa, Arizona.
Harvesting was performed by harvesting the portion of the guayule shrub growing above ground
(i.e., roots were left behind). Thereafter, the shrubs were allowed to dry in the field for 15 days
after cutting (ambient conditions were an average daily high of about 75 °F (about 24 °C) and
average daily low of about 49 °F (about 9 °C) with very limited to no rainfall (less than 17).
After field drying, removal of leaves and soil was performed in the field by manual shaking of
the shrubs. Thereafter, the shrub was rough chipped into pieces less than 2” in length (chips had
an approximate diameter 0.25” to 0.125”). Some amount of undersize “fines” was also present

in the rough chip mixture.
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[0069] One week after the rough chips were prepared, they were loaded into a granulator
(B&J Model BPV68-2) with a screen having openings of Y4 (6.4 mm). The smaller chips
exiting the granulator were passed over a 20 mesh vibrating screen to remove undersize material.
The chips remaining on the top of the 20 mesh screen were used for briquetting (described

below). Briquette preparation occurred on the same day as mesh screening of the chips.

[0070] Analysis of the rough chipped material showed a moisture content of 15.5 wt%,
an extractable rubber content of 1.6 wt% and an extractable resin content of 5.8 wt%. Analysis
of the smaller chips (prior to the 20 mesh screen) showed a moisture content of 15.5 wt%, an
extractable rubber content of 2.1 wt% and an extractable resin content of 7.6 wt% with a density
of 2 pounds/gallon. Analysis of the small chips after the 20 mesh screen showed a moisture
content of 15.8%, an extractable rubber content of 2.1 wt% and an extractable resin content of
6.3 wt%. The analysis of the moisture level of the smaller chips (both before and after the 20
mesh screen) was performed directly after the rough chips had been passed through the
granulator. Analysis of the rubber and resin contents of the rough chipped material, granulated
matcrial and scrcencd material was performed 2 wecks after rough chipping/1 weck after
granulating (with rough chip material having been reserved for analysis). Moisture content in
samples was determined by drying the material in a forced-air oven at 110 °C for 5 hours.
Determination of the % rubber and resin in samples was made using 9-10 gram samples of
guayule material, soxhlet extracting for 6 hours with co-solvent (31 mL acetone, 170 mL
pentane) to solubilize rubber and resin. Solubilized rubber (contained within the pentane phase)
was isolated using methanol coagulation, centrifuging and drying. More specifically, 20 mL of
the extract from the soxhlet extraction was transferred to a centrifuge tube and 20 mL of
methanol was added to coagulate the rubber. The tube and its contents was centrifuged at 1500
rpm for 20 minutes to separate coagulated rubber from solvent. The supernatant within the tube
was decanted into a flask and reserved for % resin determination. The tube and its coagulated
rubber contents were rinsed with an aliquot of acetone (10 mL) and the acetone was poured out
of the tube into the flask containing the decanted supernatant. The remaining coagulated rubber
within the tube was then placed into a vacuum oven that had been pre heated to 60 °C and dried
under vacuum for 30 minutes. After cooling to room temperature, the tube was weighed and the
amount of rubber therein was calculated. Resin content (contained within the acetone phase)

was determined by utilizing the flask containing the supernatant and decanted acetone. The
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solvent was evaporated from the flask in a fume hood until near dryness. The remaining
contents were then further dried by placing the flask into an oven at 110 °C for 30 minutes. After

cooling, the flask was weighed and the amount of resin remaining in the flask was calculated.

[0071] For the briquetting operation, 7 different batches of material were prepared. Each
batch contained the small chipped guayule material (after 20 mesh screen) and some batches
contained additional ingredients (as indicated in Table 1 below). As indicated in Table 1, two
different types of commercially available briquetting machines were used. Each is manufactured
by K.R. Komarek, Inc. (Wood Dale, IL) and is a roll-type briquetting machine. The BI100R
machine has a roll diameter of 130 mm and a width of 51 mm with 18 pockets (corrugations)
upon the roll face. The machine was set for an initial roll gap of 0.6 mm. The BR200QC
machine has a roll diameter of 305 mm and a width of 51 mm with 36 pockets (corrugations)

upon the roll face. The machine was set for an initial roll gap of 0.4 mm.

[0072] Analysis for percentages moisture, resin and rubber in briquettes was performed 7
days after briquetting and results for batch number 2 briquettes was: 14.3 wt% moisture, 4.0
wt% rubber and 10.5 wt% resin. Samples of briquettes from batch numbers 2, 3 and 5 were also
subjected to a hand grinding process using a mortar and pestle and then analyzed. Batch number
2 briquettes with hand grinding yielded 13.9 wt% moisture, 4.2 wt% rubber and 10.2 wt% resin
and a density of 7 pounds/gallon. Batch number 3 briquettes with hand grinding yielded 11.7
wt% moisture, 4.2 wt% rubber and 10.9 wt% resin. Batch number 5 briquettes with hand
grinding yielded 5.5 wt% moisture, 4.3 wt% rubber and 11.2 wt% resin.

Table 1
Batch number | Machine utilized Ingredients and conditions
| Model B10OR Screened small chip material
2 Model B100OR (adjusted roll | Screcned small chip material
torque and speed)
3 Model B100R (increased roll | Screened small chip material
torque and speed)
4 Model B100R (same settings | Screened small chip material
as batch 3) with 9 grams of Santoflex®
134PD'  sprayed onto 10
pounds of chip material
5 Model B220QC Screened small chip material,
sun dried for 2 hours
6 Model B220QC Screened small chip material
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with 9 grams of Santoflex®
134PD! sprayed onto 10
pounds of chip material,
followed by sun drying for 2
hours

7 Model B220QC Screened small chip material
with 9 grams of Santoflex®
134PD'  sprayed onto 10
pounds of chip material,
followed by sun drying for 2
hours

a liquid containing a blend of alkyl-aryl-p-phenylencdiamines, available from Solutia
(previously Flexsys).

1

Example 2: Processing of Briquettes (to recover rubber)

[0073] Ground briquette material was immersed in co-solvent (20 % by volume acetone
and 80 % by volume hexane) with gentle agitation. Thereafter, the material (with solvent) was
subjected to scveral rounds of centrifuging (using a swing bucket-type benchtop centrifuge) to
obtain a clear miscella. Rubber contained within the miscella was precipitated by adding acetone
(acetone was gradually added to the point that coagulation began and then 10% more acetone by
volume was added). Precipitated (coagulated) rubber was dried at 40-100 °C and under vacuum
(10-100 kPa) and molecular weight of the dried rubber was measured by GPC. For the GPC
determination, the rubber was dissolved in THF and 2 Tosoh TSK Gel GMHx1 columns were
utilizing.  Calibration was with polystyrene standards and the polyisoprene values were

calculated using Mark-Houwink coefficients.
Example 3: Aging of Briquettes

[0074] Briquettes made using guayule material treated according to various Batch
number proccdures (the treatment procedurcs were those described in Table 1 above). The
resulting briquettes are indicated below in Table 2 (with BB # corresponding to the Batch
number procedure from Table 1) were aged for various periods of time ranging from 7-91 days
as indicated in Table 2 and tested according to the above procedure (hand grinding,
acetone/hexane extraction, coagulation and m.w. using GPC) to determine the m.w. of the
coagulated rubber obtained from each briquetting after various days of aging. Aging of the

briquettes was conducted by storing the briquettes in loosely sealed plastic bags. The plastic
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bags were then stored in a plastic drum at room temperature. No direct light or air circulation
was provided to the drum contents. As can be seen from an evaluation of the data in Table 2,
treatment of the guayule material with antioxidant prior to briquetting (BB4, BB6 and BB7)
provided significant advantages in terms of retention of molecular weight upon aging. Only
those briquettes containing guayule material that had been treated with antioxidant prior to
briquetting were able to maintain a m.w. of greater than 1 x 10° for the entire 91 days. BB7
briquettes retained a m.w. greater than 1 x 10° for 200 days and BB6 briquettes retained a m.w.
greater than 800,000 for 200 days. (Apparent increases in molecular weight upon aging may be
attributed to the small sample size (only 2 briquettes were crushed for each measurement and
averaged values are reported in Table 2) and variations in the amount of acetone used to
coagulate the rubber which can vary the relative amount of high molecular weight rubber that

coagulates versus the amount of low molecular weight rubber that coagulates.)

Table 2
Molecular weight (x10°)
Days after
Briquetting Feed' BB2 BB3 BB4 BBS BB6 BB7
7 1.040 0.931
11 1.029 0.245 1.353 1.284
21 1.058 0.906 0.272 1.761 1.597
28 0.966 0.960 1.524 0.203 1.373 1411
42 1.123 1.007 1.180 0.111 1.266 1.171
56 1.039 0.494 1.046 0.122 1.152 1.022
70 1.083 0.459 1311 1.378 1.769
91 0911 0.480 1.300 1.230 1.265
200 0.873 1.004

! Feed material was the screened small chip material and rubber was extracted using the
previously described acetone/hexane method of coagulation of rubber and GPC
measurement of m.w.

Example 4 (Use of a decanter centrifuge to remove bagasse/fines from a slurry)

[0075] In order to simulate the removal of rubber from a non-Hevea or guayule source,
slurries of varying concentration were prepared. Each slurry utilized a co-solvent mix of 80%
weight hexane and 20% weight % acetone. To cach slurry was added solids (consisting of

insoluble fines, mainly bagasse and dirt/soil, from previous rubber harvesting of guayule shrub),
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rubber (obtained from coagulation of a natural rubber latex sourced from guayule shrubs), and
resin (mixed soluble resin plus degraded rubber from previous harvesting of guayule shrub) in

amounts sufficient to provide the slurry compositions summarized in Table 3.

Table 3 (Guayule Slurry Composition)

% solids % rubber % resin
Slurry 1 20.8 3.4 1.6
Slurry 2 10.2 3.6 1.6
Slurry 3 7.2 3.8 1.6
Slurry 4 52 3.7 1.6

[0076] Each slurry was individually fed into a decanter-type centrifuge (Westfalia
Separator Model CA-225-21-000, available from GEA Woestfalia Separator Group, Elgin,
Illinois). Various flow rates were utilized for each slurry, ranging from 1.0 gallon/minute to 5.5
gallons/minute, as shown in Table 4. The decanter centrifuge utilized is commonly referred to as
a bowl-type centrifuge because it has a bowl-like appearance, wherein the bowl allows solids to
be lifted out of the liquid. Slurry enters the decanter through a central feed tube and flows into
the distributor chamber. From the distributor chamber, the slurry moves through ports into the
centrifugation space of the bowl where it is accelerated to operating speed. The centrifuge was
set up with a differential speed set to 24 rpm and the ring dam was set to 130 millimeters; the
operating bow! speed was 4750 rpm, equating to a g force of 2500. Upon operation, the solid
materials adhere to the bowl wall by centrifugal force. Within the bowl is a scroll which
operates at a slightly faster speed than the bowl shell, thereby continually conveying separated
solids toward the narrow end of the bowl. Solids are discharged from the centrifuge through
ports in the bowl shell, into the catch chamber of the housing and are ejected through a solids

chute.
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[0077] Samples were taken of the centrate (miscella) and solids discharge for each slurry
feed and flow rate. Centrate and solids were analyzed for % fines and % solvent, respectively.
A portion of the centrate from each of the slurries at each flow rate indicated in Table 6 was
further treated to isolate the rubber contained therein by adding additional acetone until the
rubber coagulated (generally rubber coagulation occurs at about 1.2:1 hexane/acetone weight
ratio). The solvent was decanted off of the coagulated rubber and the wet rubber that remained
was desolventized by drying in a vacuum oven at 70 °C. Ash and dirt concentrations within the
dried rubber samples were analyzed using ASTM D1278-91. Results arc summarized in Table 4.
The decanter centrifuge was able to remove more than 90% of the bagasse contained within each
original slurry mixture, regardless of flow rate, and was also able to produce a solids content
(indicated as % fines in Table 4) of less than 1% for each original slurry mixture, regardless of
flow rate. Notably in many instances, the solids content of the miscella was less than 0.5 weight
% or even less than 0.3 weight %. Changes in flow rates did not produce a consistent impact on

the solvent content of the solids discharge.

Table 4
% Fines Flow Rate %Fines in % Solvent in % Bagasse | % Ash in Dry
in Slurry Miscella Solid Discharge | Removal Rubber
(gallon / w/w% w/w% w/w%
w/iw% minute) & w/w%
(liters/minute)
1.0 1.05
0.18 69.3 '
3.79
2.0 96' 1.14
52 0.24 65.3 '
7.57
3.0 1.14
2 2. '
11.36 026 627
55 1.20
2 4. '
20.82 027 >49 -
7.2 15
. 1.22
0.40 56.3
17.03
1.0 0.31 56
3.79 " | B
10.2 97
>0 0.29 54.4 2.19
7.57
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30 0.37 60.2 1.37
1136
3.0 - 1.56
20.8 a6 0.56 53.8

' Percentages can be considered as an average from the three flow rates.

Example 5 - Hammer Milling, Roll Milling/Cracking and Flaking (Flake Milling)

[0078] Guayule shrub approximately 8-36 months old was harvested and bundled into
bales. The bales were measured to have a moisture content of about 20-25%. Bales were fed to
a standard wood chipper to reduce the guayule material into approximately 17 sticks. The
shredded sticks of guayule were fed through a hammer mill by hand for further size reduction.
The hammer mill then air conveyed the milled shrub through a fan to a cyclone separator. Varied
screen sizes for the hammer mill (17, 27, 1/8”, and 1/16") were used. The milled shrub was

collected in bins and weighed as it was being produced.

[0079] All of the shrub was processed through a Sweco screener with a 20 mesh screen.

The screener was used to remove fines from the shrub. It was tested before and/or after milling.

[0080] The milled shrub was processed in a cracker (also known as a roller mill), sct up
to have a differential roll speed of 1:1.1. The roll spacing on the cracker was adjustable. The

cracker was fed using a vibratory screen feeder and the cracked material was collected in bins.

[0081] The cracked material was transferred to a flaker. The flaker had its own roll
feeder, a differential roll speed of 1:1.25 and the roll spacing was set at 0.012”. Samples of the
flaked material were taken and retained for cell rupture analysis and for initial shrub rubber
content. Some of the flaked material was retained to be run through the flaker a second and a
third time. The flaked material was collected in bins and weighed. The final flaked matcrial was

refrigerated until it was ready to be extracted.

[0082] Determination of the % rubber and resin in samples was made using 9-10 gram
samples of guayule material, soxhlet extracting for 6 hours with co-solvent (31 mL acetone, 170
mL pentane) to solubilize rubber and resin. Solubilized rubber (contained within the pentane
phase) was isolated using methanol coagulation, centrifuging and drying. More specifically, 20
mL of the extract from the soxhlet extraction was transferred to a centrifuge tube and 20 mL of

methanol was added to coagulate the rubber. The tube and its contents was centrifuged at 1500
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rpm for 20 minutes to separate coagulated rubber from solvent. The supernatant within the tube
was decanted into a flask and reserved for % resin determination. The tube and its coagulated
rubber contents were rinsed with an aliquot of acetone (10 mL) and the acetone was poured out
of the tube into the flask containing the decanted supernatant. The remaining coagulated rubber
within the tube was then placed into a vacuum oven that had been pre heated to 60 °C and dried
under vacuum for 30 minutes. After cooling to room temperature, the tube was weighed and the
amount of rubber therein was calculated. Resin content (contained within the acetone phasc)
was determined by utilizing the flask containing the supernatant and decanted acetone. The
solvent was evaporated from the flask in a fume hood until near dryness. The remaining
contents were then further dried by placing the flask into an oven at 110 °C for 30 minutes. After
cooling, the flask was weighed and the amount of resin remaining in the flask was calculated.

Results are provided in Table 5 below.

Table 5
Conditions Avg, YoMoisture Avg. % Rubber Avg. % Resin (Dry
(Dry Weight Base) Weight Base)
Shredded & 26.79 2.34 6.70
Hammermilled 1/2”
Shredded & 22.29 3.12 6.78
Hammermilled 1/8”
Shredded & 19.67 4.98 6.96
Hammermilled  1/8”
& 20 mesh screened
& flaked
Shredded & 19.52 5.601 7.33
Hammermilled 1/8”
& 20 mesh screencd
& three passes flaked

[0083] To the extent that the term “includes” or “including” is used in the specification or
the claims, it is intended to be inclusive in a manner similar to the term “comprising” as that term
is interpreted when employed as a transitional word in a claim. Furthermore, to the extent that
the term “or” is employed (e.g., A or B) it is intended to mean “A or B or both.” When the
applicants intend to indicate “only A or B but not both” then the term “only A or B but not both”
will be employed. Thus, use of the term “or” herein is the inclusive, and not the exclusive use.

See Bryan A. Garner, A Dictionary of Modern Legal Usage 624 (2d. Ed. 1995). Also, to the
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extent that the terms “in” or “into” are used in the specification or the claims, it is intended to
additionally mean “on” or “onto.” Furthermore, to the extent the term “connect” is used in the
specification or claims, it is intended to mean not only “directly connected to,” but also

“indirectly connected to” such as connected through another component or components.

[0084] While the present application has been illustrated by the description of
embodiments thereof, and while the embodiments have been described in considerable detail, it
is 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. The scope of the claims should not be limited by the preferred embodiments
set forth in the examples, but should be given the broadest interpretation consistent with the

description as a whole.
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CLAIMS:

1. A method of recovering rubber from rubber-containing briquettes comprising:

a. utilizing aged briquettes comprising at least one antioxidant and chopped plant
matter that contains bagasse, rubber, resin and less than 5 weight % leaves of a non-Hevea

plant, wherein the briquettes have been aged for about 21-200 days after formation;

b. mixing the briquettes with (i) at least one non-polar organic solvent and (i1) at
least one polar organic solvent to produce a slurry where the total amount of (i) and (i1) is 50-
90% by weight of the slurry, the briquettes comprise 10-50% by weight of the slurry, and the

slurry contains 0.5-10 weight % water;

c. removing a majority of the bagasse from the slurry to produce a miscella and a

first bagasse portion;

d. optionally adding additional polar organic solvent, non-polar solvent or a
combination thereof to the miscella to form a reduced viscosity miscella, wherein any
additional polar organic solvent and non-polar organic solvent that is added is the same or
different than those utilized in (a) and the amount of any additional polar organic solvent
added is less than the amount that causes the rubber contained with the reduced viscosity

miscella to coagulate;

e. removing 80-95 weight % bagasse (based upon the total weight of bagasse
present in the reduced viscosity miscella) from the miscella produced in (c) or (d) thereby
forming a purified miscella and a second bagasse fraction, wherein a majority of the bagassc

that is removed has a particle size of less than 105 microns;

f. optionally treating the purificd miscella to remove additional bagasse thereby
producing a clarified rubber solution that contains 0.01-1% by weight bagasse (based on the

total weight of bagasse present in the slurry);

g. increasing the relative amount of polar solvent as compared to non-polar
solvent within the purified miscella or clarified rubber solution so as to coagulate the rubber;

and
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h. producing solid purified rubber from the coagulated rubber where when said
solid purified rubber contains 0.8% volatile matter it also contains 0.05-0.5 weight % dirt,

0.2-1.5 weight % ash and 0.1-4 weight % resin,

wherein at least (b)-(f) are conducted at a temperature or temperatures of 10-80 °C and a

pressure of 35 to 1000 kPa.
2, The method of claim 1, wherein the briquettes have either:

been aged for 90-200 days after formation and prior to (b) and the rubber within the
briquettes has a molecular weight of at 900,000-1,300,000, or

been aged for 18-24 days after formation and prior to (b) and the rubber within the
briquettes has a molecular weight of 1,200,000-1,500,000.

3. The method of claim 1 or claim 2, wherein the briquettes contain 80-100% by weight
bark, less than 20% by weight woody material and less than 1% by weight leaves.

4, The method of any of any one of claims 1-3, wherein the briquettes contain 5 weight

% or less woody material.

5. The method of any one of claims 1-4, wherein the chopped plant matter is subjected to
at least one of roll milling, flake milling, or hammer milling prior to being compacted into the

briquettes.

6. The method of any one of claims 1-5, wherein the chopped plant matter has an

average size of 0.062-0.5” prior to being compressed into the briquette.

7. The method of any one of claims 1-6, wherein the chopped plant matter of the

briquettes is from guayule shrubs.

8. The method of any one of claims 1-7, wherein at least 90% of undersize material of

less than 30 mesh has been removed from the chopped plant matter prior to briquetting.

9. The method as provided in any one of claims 1-8, wherein:
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the at least one polar organic solvent and additional polar organic solvent are selected
from the group consisting of alcohols having 1 to 8 carbon atoms; ethers and
esters having from 2 to 8 carbon atoms; cyclic ethers having from 4 to 8 carbon
atoms; ketones having from 3 to 8 carbon atoms; and combinations thereof;
and

the at least one non-polar organic solvent is selected from the group consisting of
alkanes having from 4 to 9 carbon atoms; cycloalkanes and alkyl cycloalkanes
having from 5 to 10 carbon atoms; aromatics and alkyl substituted aromatics

having from 6 to 12 carbon atoms; and combinations thereof.

10.  The method as provided in any one of claims 1-9, wherein additional organic solvent
is added in (d) in an amount sufficient to produce a reduced viscosity miscella with a viscosity

of 10-300 centipoise prior to removing of the bagasse in (e).

11.  The method of any one of claims 1-10, wherein at least one of (c) and (e) comprises

use of a centrifuge.

12.  The method of any one of claims 1-10, wherein removing of the majority of bagasse in

(c) comprises use of a screw press.

13.  The method of any one of claims 1-10, wherein removing of the majority of bagasse in

(c) comprises use of a counter-current extractor.
14.  The method of any one of claims 1-13, wherein (d) is not optional.
15.  The method of in any one of claims 1-14, wherein (f) is not optional.

16. The method of any one of claims 1-15, wherein the non-polar organic solvent and any
additional non-polar organic solvent is selected from the group consisting of alkanes having 6

carbon atoms, cycloalkanes having 6 carbon atoms, and combinations thereof.

17.  An aged briquette comprising:
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78 to 95 weight % compressed chopped plant matter (based upon the total weight of
the briquette) from a non-Hevea plant, said plant matter comprising bagasse, rubber, and

resin,
2-20 weight % water (based upon the total weight of the briquette),

0.2-2 weight % antioxidant (based upon the total weight of rubber present in the plant

matter), and
0.1-5 weight % binder (based upon the total weight of the briquette),

wherein at least 90% of undersize material of less than 30 mesh has been removed from the
chopped plant matter prior to briquetting and briquette has been aged for 18-24 days after
formation and the rubber within the briquette has a molecular weight of 1,000,000-1,500,000,
as measured after organic solvent extraction of the rubber from the plant matter of the

briquette.

18.  The briquette of claim 17, wherein the rubber within the briquette has a molecular
weight of 1,200,000-1,500,000, as measured after organic solvent extraction of the rubber

from the plant matter of the briquette.

19.  The briquette of claim 17 or 18, wherein the briquette contains 80-100% by weight
bark, less than 20% by weight woody material, and less than 1% by weight leaves.

20.  The briquette of any one of claims 17-19, wherein the briquette comprises at least 70%

by weight woody material.

21.  The briquette of any one of claims 17-20, wherein the chopped plant matter has an

average size of 0.065-0.5” prior to being compressed into the briquette.

22.  The briquette of any one of claims 17-21, wherein the chopped plant matter of the

briquettes is from guayule shrubs.

23.  The briquette of any one of claims 17-22, wherein the briquette has been subjected to

further aging for a total aging period of 90-200 days after formation, optionally with at least
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half of those days at a temperature of 20-50 °C, and the rubber within the briquette has a
molecular weight of 900,000-1,200,000.

24.  The briquette of any one of claims 17-23, wherein the amount of antioxidant is 0.5-2

weight %.

25. The briquette of any one of claims 17-24, wherein the chopped plant matter was
subject to at least one of roll milling, flake milling, or hammer milling prior to being

compressed into the briquette.

26. A mcthod of recovering rubber from rubber-containing briquettes comprising:

a. utilizing aged briquettes comprising chopped plant matter that contains
bagasse, rubber, resin and less than 5 weight % leaves of a non-Hevea plant, wherein the

briquettes have been aged for about 21-200 days after formation;

b. mixing the briquettes with (i) at least one non-polar organic solvent and (ii) at
least one polar organic solvent to produce a slurry where the total amount of (i) and (i) is 50-
90% by weight of the slurry, the briquettes comprise 10-50% by weight of the slurry, and the

slurry contains 0.5-10 weight % water;

C. removing a majority of the bagasse from the slurry to produce a miscella and a

first bagasse portion;

d. optionally adding additional polar organic solvent, non-polar solvent or a
combination thcrcof to the miscella to form a reduced viscosity miscella, wherein any
additional polar organic solvent and non-polar organic solvent that is added is the same or
different than those utilized in (a) and the amount of any additional polar organic solvent
added is less than the amount that causes the rubber contained with the reduced viscosity

miscella to coagulate;

€. removing 80-95 weight % bagasse (based upon the total weight of bagasse
present in the reduced viscosity miscella) from the miscella produced in (c) or (d) thereby
forming a purified miscella and a second bagasse fraction, wherein a majority of the bagasse

that is removed has a particle size of less than 105 microns;
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f. optionally treating the purified miscella to remove additional bagasse thereby
producing a clarified rubber solution that contains 0.01-1% by weight bagasse (based on the
total weight of bagasse present in the slurry);

g. increasing the relative amount of polar solvent as compared to non-polar
solvent within the purified miscella or clarified rubber solution so as to coagulate the rubber;

and

h. producing solid purified rubber from the coagulated rubber where when said
solid purified rubber contains 0.8% volatile matter it also contains 0.05-0.5 weight % dirt,

0.2-1.5 weight % ash and 0.1-4 weight % resin,

wherein at least (b)-(f) are conducted at a temperature or temperatures of 10-80 °C and a

pressure of 35 to 1000 kPa.

27.  The method of claim 26, wherein the briquettes have been aged for 90-200 days after
formation and prior to (b) and the rubber within the briquettes has a molecular weight of at

900,000-1,300,000.

28.  The method of claim 26, wherein the briquettes have been aged for 18-24 days after
formation and prior to (b) and the rubber within the briquettes has a molecular weight of

1,200,000-1,500,000.

29.  The method of any one of claims 26-28, wherein the briquettes contain 80-100% by
weight bark, less than 20% by weight woody material and less than 1% by weight leaves.

30.  The method of any one of claims 26-28, wherein the briquettes contain 5 weight % or

less woody material.

31.  The method of any one of claims 26-30, wherein the chopped plant matter is subjected
to at least one of roll milling, flake milling, or hammer milling prior to being compacted into

the briquettes.

32. The method of any one of claims 26-31, wherein the chopped plant matter has an

average size of 0.062-0.5” prior to being compressed into the briquette.
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33.  The method of any one of claims 26-32, wherein the chopped plant matter of the

briquettes is from guayule shrubs.

34.  The method of any one of claims 26-33, wherein at least 90% of undersize material of

less than 30 mesh has been removed from the chopped plant matter prior to briquetting.

35.  The method as provided in any one of claims 26-34, wherein:

the at least one polar organic solvent and additional polar organic solvent are selected
from the group consisting of alcohols having 1 to 8 carbon atoms; ethers and
esters having from 2 to 8 carbon atoms; cyclic ethers having from 4 to § carbon
atoms; ketones having from 3 to 8 carbon atoms; and combinations thereof;
and

the at least one non-polar organic solvent is selected from the group consisting of
alkanes having from 4 to 9 carbon atoms; cycloalkanes and alkyl cycloalkanes
having from 5 to 10 carbon atoms; aromatics and alkyl substituted aromatics

having from 6 to 12 carbon atoms; and combinations thereof.

36.  The method of any one of claims 26-35, wherein additional organic solvent is added in
(d) in an amount sufficient to produce a reduced viscosity miscella with a viscosity of 10-300

centipoise prior to removing of the bagasse in (e).

37.  The method of any one of claims 26-36, wherein at least one of (c) and (e) comprises

use of a centrifuge.

38.  The method of any one of claims 26-36, wherein removing of the majority of bagasse

in (c) comprises use of a screw press.

39.  The method of any one of claims 26-36, wherein removing of the majority of bagasse

in (¢) comprises use of a counter-current extractor.
40.  The method of any one of claims 26-39, wherein (d) is not optional.

41.  The method of any one of claims 26-40, wherein (f) is not optional.
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42. The method of any one of claims 26-41, wherein the non-polar organic solvent and
any additional non-polar organic solvent is selected from the group consisting of alkanes

having 6 carbon atoms, cycloalkanes having 6 carbon atoms, and combinations thereof.

43.  The method of any one of claims 26-42, wherein the aged briquettes include an

antioxidant.

44, A method of recovering rubber from rubber-containing briquettes comprising:

a. utilizing aged briquettes comprising chopped guayule plant matter that
contains bagasse, rubber, resin and less than 5 weight % leaves, wherein the briquettes have

been aged for about 21-200 days after formation;

b. mixing the briquettes with (i) at least one non-polar organic solvent and (ii) at
least one polar organic solvent to produce a slurry where the total amount of (i) and (ii) is 50-
90% by weight of the slurry, the briquettes comprise 10-50% by weight of the slurry, and the

slurry contains 0.5-10 weight % water;

c. removing a majority of the bagasse from the slurry to produce a miscella and a

first bagasse portion;

d. optionally adding additional polar organic solvent, non-polar solvent or a
combination thereof to the miscella to form a reduced viscosity miscella, wherein any
additional polar organic solvent and non-polar organic solvent that is added is the same or
different than those utilized in (a) and the amount of any additional polar organic solvent
added is less than the amount that causes the rubber contained with the reduced viscosity

miscella to coagulate;

e. removing 80-95 weight % bagasse (based upon the total weight of bagasse
present in the reduced viscosity miscella) from the miscella produced in (c) or (d) thereby
forming a purified miscella and a second bagasse fraction, wherein a majority of the bagasse

that is removed has a particle size of less than 105 microns;
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f. optionally treating the purified miscella to remove additional bagasse thereby
producing a clarified rubber solution that contains 0.01-1% by weight bagasse (based on the

total weight of bagasse present in the slurry);

g. increasing the relative amount of polar solvent as compared to non-polar
solvent within the purified miscella or clarified rubber solution so as to coagulate the rubber;

and

h. producing solid purified rubber from the coagulated rubber where when said
solid purified rubber contains 0.8% volatile matter it also contains 0.05-0.5 weight % dirt,

0.2-1.5 weight % ash and 0.1-4 weight % resin,

wherein at least (b)-(f) are conducted at a temperature or temperatures of 10-80 °C and a

pressure of 35 to 1000 kPa.

45, The method of claim 44, wherein the briquettes have been aged for 90-200 days after
formation and prior to (b) and the rubber within the briquettes has a molecular weight of at

900,000-1,300,000.

46.  The method of claim 44, wherein the briquettes have been aged for 18-24 days after
formation and prior to (b) and the rubber within the briquettes has a molecular weight of

1,200,000-1,500,000.

47.  The method of any one of claims 44-46, wherein the briquettes contain 80-100% by
weight bark, less than 20% by weight woody material and less than 1% by weight leaves.

48. The method of any one of claims 44-46, wherein the briquettes contain 5 weight % or

less woody material.

49.  The method of any one of claims 44-48, wherein the chopped plant matter is subjected
to at least one of roll milling, flake milling, or hammer milling prior to being compacted into

the briquettes.

50. The method of any one of claims 44-49, wherein the chopped plant matter has an

average size of 0.062-0.5” prior to being compressed into the briquette.
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51 The method of any one of claims 44-50, wherein the chopped plant matier of the

briquettes is from guayule shrubs.

52.  The method of any one of claims 44-51, wherein at least 90% of undersize material of

less than 30 mesh has been removed from the chopped plant matter prior to briquetting.

53.  The method as provided in any one of claims 44-52, wherein:

the at least one polar organic solvent and additional polar organic solvent are selected
from the group consisting of alcohols having 1 to 8 carbon atoms; ethers and
esters having from 2 to 8 carbon atoms; cyclic ethers having from 4 to 8 carbon
atoms; ketones having from 3 to 8 carbon atoms; and combinations thereof;
and

the at least one non-polar organic solvent is selected from the group consisting of
alkanes having from 4 to 9 carbon atoms; cycloalkanes and alkyl cycloalkanes
having from 5 to 10 carbon atoms; aromatics and alkyl substituted aromatics

having from 6 to 12 carbon atoms; and combinations thereof.

54.  The method of any one of claims 44-53, wherein additional organic solvent is added in
(d) in an amount sufficient to produce a reduced viscosity miscella with a viscosity of 10-300

centipoise prior to removing of the bagasse in ().

55. The method of any one of claims 44-54, wherein at least one of (c) and (e) comprises

use of a centrifuge.

56. The method of any one of claims 44-55, wherein removing of the majority of bagasse

in (¢) compriscs use of a screw press.

57.  The method of any one of claims 44-55, wherein removing of the majority of bagasse

in (¢) comprises usc of a counter-current extractor.

58.  The method of any one of claims 44-57, wherein (d) is not optional.
59.  The method of any one of claims 45-58, wherein (f) is not optional.
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60. The method of any one of claims 44-59, wherein the non-polar organic solvent and
any additional non-polar organic solvent is selected from the group consisting of alkanes

having 6 carbon atoms, cycloalkanes having 6 carbon atoms, and combinations thereof.

61. The method of any one of claims 44-60, wherein the aged briquettes include an

antioxidant.
62.  An aged briquette comprising:

78 to 95 weight % compressed chopped plant matter (based upon the total weight of
the briquette) from a non-Hevea plant, said plant matter comprising bagasse, rubber, and

resin,
2-20 weight % water (based upon the total weight of the briquette), and

0.2-2 weight % antioxidant (based upon the total weight of rubber present in the plant

matter),

wherein at least 90% of undersize material of less than 30 mesh has been removed
from the chopped plant matter prior to briquetting, and the briquette has been aged for 18-24
days after formation and the rubber within the briquette has a molecular weight of 1,000,000-
1,500,000, as measured after organic solvent extraction of the rubber from the plant matter of

the briquette.

63.  The briquette of claim 62, wherein the rubber within the briquette has a molecular
weight of 1,200,000-1,500,000, as measured after organic solvent extraction of the rubber

from the plant matter of the briquette.

64.  The briquette of claim 62 or 63, wherein the briquette contains 8§0-100% by weight
bark, less than 20% by weight woody material, and less than 1% by weight leaves.

65.  The briquette of any one of claims 62-64, wherein the briquette comprises at least 70%

by weight woody material.
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66. The briquette of any one of claims 62-65, wherein the chopped plant matter has an

average size of 0.065-0.5” prior to being compressed into the briquette.

67.  The briquette of any one of claims 62-66, wherein the chopped plant matter of the

briquettes is from guayule shrubs.

68. The briquette of any one of claims 62-67, wherein the briquette has been subjected to
further aging for a total aging period of 90-200 days after formation, optionally with at least
half of those days at a temperature of 20-50 °C, and the rubber within the briquette has a
molecular weight ot 900,000-1,200,000.

69.  The briquette of any one of claims 62-68, wherein the amount of antioxidant is 0.5-2

weight %.

70.  The briquette of any one of claims 62-69, wherein the chopped plant matter was
subject to at least one of roll milling, flake milling, or hammer milling prior to being

compressed into the briquette.
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