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[0001] This application clains benefit of priority of
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grandiflora) milkweeds (Asclepsias syriaca, speciosa, subulata, et al.), goldenrods (Solidago
altissima, graminifolia, rigida, et al.), pale Indian plantain (Cascalia atriplicifolia), Russian
dandelion (Taraxacum kok-saghyz), mountain mint (Pycnanthemum incanum), American
germander (Teucreum canadense) and tall bellflower (Campanula americana). Hence, it is
recognized that whenever reference is made to guayule plants or shrubs, it is to be understood
that the above-described plants and shrubs can also be utilized in the present disclosure.

[0004] Natural rubber is a biopolymer of cis-1,4-polyisoprene with 400-50,000
isoprene units enzymatically linked in a head-to-tail configuration. It is formed by a branch
of the isoprenoid pathway which also leads to the production of dimers, trimers, tetramers,

and so forth. These lower molecular weight molecules and various isomers constitute the

resin.

BRIEF DESCRIPTION OF THE FIGURES
[0005] FIG. 1 is a GC/MS chromatogram of guayule monoterpenes.
[0006] FIG. 2 illustrates the relative average molecular weights of guayule

resin/isooctyl acrylate copolymer.
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[0010] Guayule resin adds to the double bonds of conventional monomers to form

multipolymers which combine the properties of the homopolymers and guayule resin. This is
significant because it can therefore react with unsaturated polyester resins and epoxy
acrylates to produce solventless polyester and vinyl ester resins, which typically use styrene
monomer as the reactive diluent. The resin, which is a mixture of diverse materials and low
molecular weight cis-1,4-poly isoprene (DP less than 400) is a green viscous oil, which dries
to form a tacky material.

[0011] Thus, disclosed herein is a method for preparing these multipolymers. It
entails treating the resin as a monomer in a polymerization process using vinyl, styrenic, and
esters of acrylic and methacrylic acids as comonomers. The process is initiated by the
thermal decomposition of an initiator to form free radicals, leading to radical polymerization.
The polymerization can also be initiated using reduction oxidation (redox) systems, heat or
radiation.

[0012] As a result of the multipolymerization, the physical and chemical properties of
the resin are improved. The primary advantage of multipolymerization over mixtures of resin
with homopolymers is that it leads to a homogeneous material, the properties of which can be
regulated by adjusting the ratio of the concentration of monomers in the feed. One attractive

feature is the production of low viscosity resins with reactive groups that can compete
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There is speculation that the resin might protect wood and trees against insects, such as the
carpenter ant and bark beetle. Guayule resin protects wood against termite, molluscan borer,
and fungal attacks in a persistent manner, an important feature of a wood preservative.
Composites made from combinations of wood, plastic and guayule bagasse or resin yield
termite and fungus-resistant products as taught by Nakayama. Products include lumber,
plywood, poles, railroad crossties, etc., which exhibit resistance to termite infestation and
resistance to fungal decay. The component(s) of guayule resin responsible for this
phenomenon are terpenoids. Incorporation of guayule resin with existing wood coatings or
adhesives may provide both insect control and modified adhesive properties.

[0017] Despite its aggressive adhesion to all manner of surfaces as alluded to
previously, guayule resin has been suggested as an adhesive modifier of amine-cured epoxy
resin for making strippable coatings with good impact resistance and hardness. The degree of
strippability can be controlled by the amount of resin used in the formulation, of course.

Peelable coatings are important in temporary protection of commercial and military structures
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[0020] Table 1. Composition of Guayule Leaves and Wood
Component Leaf, % Wood, %

Rubber 0.3 6.7

Wood Resin (Acetone Extract) 7.4
Hexane-soluble fraction 4.4

Leaf Resin (Methylene Chloride Extract) 7.8(7)

Was 0.3 0.06

Residual Matter 92.0 83.0
Moisture 8.9 2.4
Protein (N x 6.25) 14.0 (7)) 13.9
Acid detergent fiber 18.0 51.6
Crude fiber 10.7 42.6
Lignin 4.0 17.2
Ash, mineral matter 19.9 (7) 4.1
Petroleum ether extractable 0.2 0.2
Total sugars 3.8 1.4
Inulins 0.2 0.2
Betaine 2.0 1.0
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17.610 - 17.677

Vanillin

17.988 — 18.055

Bicylo [5. 3. 0] decane, 2-methylene -5- (1-methylvinyl) — 8- methyl -

18.304 — 18.359

1, 4-Methano-1H-indene, octahydro—4—methyl-8—methylene-7-
(1-methylethyl)-, [1S—(1. o ,3a. beta. ,4. a,7. a,7a. beta.)]-

18.304 — 18.359

Spatulenol

22.433 - 22.518
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[0023]

These compounds are relevant because they are extracted with acetone and are

included in the gum. The gum is the nonvolatile fraction, which includes low molecular

weight (LMW) rubber (ca. 20%). This fraction of cis-1,4- poly (isoprene)

chains precipitates
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" Sesquiterpéne cinnamate C | '3 1 1 1 1 1

Sesquiterpene anisate D 1 <05 | <0.5 | <0.5 | <05 <0.5
Argentatin A 8 15 17 12 14 12
Argentatin B 4 6 7 4 6 5
Argentatin C 1
Triterpenoid D 3 4 5 4 5 4
Sterol glycosides 2
Other phytosterols, triterpenoids | 9
Fatty acid triglycerides 13 19 7 18 7 13
TOTAL 56 58 50 51 48 45
[0028] Table 4, Composition of Cultivar 593 Organic Acids (w/w %) after
Saponification.
Acid Batch #1 | Batch #2
cinnamic 25 16
p-anisic 3 7
palmitic 15 10
stearic 2 1
oleic 5 4
linoleic 36 44
linolenic 12 18
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solvents, which are good solvents for the resin.

[0032] The low molecular weight average of the multipolymers prepared in toluene is
attributed to chain transfer to solvent. A chain transfer reaction is one in which the free
radical center is transferred from a growing chain to another molecule (e.g., solvent or
monomer). The growth of the chain previously bearing the free radical would thereby be
terminated, and the molecule acquiring the radical should be capable of starting a new chain,
which would grow at the same rate. A prominent mechanism for chain transfer reactions of
this nature consists in removal by the chain radical of a hydrogen atom from the molecule

which intervenes, i.e., the transfer agent as shown in Table 5.

[0033] Table 5. Transfer Constants for Various Substances with Styrene
Transfer agent Transfer constants
Cs x 10*
60 C 100°C
Cyclohexane 0.024 0.16
Benzene 0.018 0.184
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the &nd product, Fourth, copolymerization improves the optical clarity of the resin. Finally,

copolymerization increases the thermal and oxidative stability of the resin, dramatically
leading to application by hot melt processes.

[0036] Also according to the present disclosure, novel materials are prepared in a
bulk or solution multipolymerization process which combines the reactive groups of the resin
with the double bonds of the synthetic monomer. The result is an increase in the average
molecular weight and forms hard, tough polymeric materials that can be tailored for diverse
applications, including coatings, printing inks, and adhesives. Thus, the compositions of the
present disclosure have the potential to replace many of the oligomers in adhesives, coatings
and inks because of lower cost and better performance.

[0037] The present disclosure is further illustrated by the following examples that are
not intended to limit its scope. In the examples, all parts, ratios and percentages are by
weight unless otherwise indicated. Table 6 illustrates the chemical composition of the resins

used in the below examples. The percent nitrogen x 6.3 is an estimate of the amount of
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Toluene 200

[0042] The mixture was allowed to reflux until its percent solids remained constant

and the product was isolated after evaporation of toluene. The percent conversion was 99%
based on percent solids of the solution after refluxing and thin films of the product are
optically transparent, indicating a compatible mixture.

[0043] EXAMPLE 2

[0044] A 1:1 mixture of styrene and resin, by weight, was added to a mixture of
toluene containing benzoyl peroxide at concentration of 10% of styrene monomer. The
solution was refluxed for two hours with stirring and the product was isolated after

evaporation of toluene. The percent conversion was 99% based on percent solids of the
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[0049] Differential scanning calorimetry (DSC)
[0050] DSC analysis of a small sample indicates the thermal properties of the

copolymer. The DSC scan is shown in FIGs. 3 and 4 as the heat and reheat curves. The glass
transition temperature, Tg, appears to be approximately -30C, and the melt appears at 36-
42C. This is significant because it indicates that multipolymerization can lead to application
by hot melt processes; neat resin is thermally unstable. In addition, the optical clarity of the
sample demonstrates improved stability and more transparent binders for application in UV
and visible curing processes.

[0051] EXAMPLE 5

[0052] A 1:1 mixture of ethyl methacrylate and resin, by weight, was added to
toluene and the solution was refluxed for two hours with stirring. The percent conversion
after two hours was 72%, which increased to 90% after four hours of reflux. This experiment
is significant because of the absence of a free radical initiator.

[0053] EXAMPLE 6

[0054] A 1:1 mixture of styrene and resin, by weight, was added to toluene and
refluxed for two hours with stirring. The conversion after two hours was 68% and 83% after

four hours. Thin films of the product are optically transparent, indicating a compatible
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detector instrument. Data processing was done with Waters’ Empower® software using a
relative calibration method (against polystyrene standards) and with a Universal calibration
method to provide molecular weight, intrinsic viscosity, and branching information.
Acrylates are used in coatings, inks and adhesives because their glass transition temperature
(Tg), shown in Table 9, can be varied to yield the most desirable viscoelastic properties for
the specific applications. The primary benefits are tailorability, versatility, reactivity,
flexibility and compatibility.

[0057] Table 9. Glass Transition Temperature versus Application Area

Tg (‘C) | Suggested application area
35-50 General industrial coatings
10-40 Decorative paints
25-35 Binders for inks
-60-25 Adhesives

[0058] The Tg of a polymer is the simple average value representing a range of
temperatures through which the polymer changes from a hard and often brittle material into
one with soft, rubber-like properties. By selecting the proper monomers, Tg of the polymer
and therefore the likely application area can be varied. The Tgs of homopolymers of MMA,
MA and EA are 106, 6 and -24 C, respectively.
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reactive diluents to produce VlSCOSltieS of the same order of magnitude as those of
conventional solvent based formulations. Evaporation of the solvent and polymerization of
the reactive diluents involve shrinkage. The concentration of reactive diluent monomer in the
guayule multipolymer coatings and adhesives is advantageously low and therefore the
expansion of volume on drying is low.

[0062] Another advantage of multipolymerization is based on the fact that the resin is
compatible or miscible only with polyisoprene and the polyterpenes. This is in contrast to
conventional blending of guayule resin with acrylic and other polymers typically results in
opaque products which separate into macro instead of micro phase domains.

[0063] Various embodiments of the invention are described above in the Detailed
Description. While these descriptions directly describe the above embodiments, it is
understood that those skilled in the art may conceive modifications and/or variations to the
specific embodiments shown and described herein. Any such modifications or variations that

fall within the purview of this description are intended to be included therein as well. Unless
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li ght of the above teachings. The enbodi nent was
chosen and described in order to best explaln t he
pri-Aci [ [
5 Dol e o P e OKERh (R R e 35 Rsisd drom g growe
conlsie@mg oft ispétyleacrythate.jstywenst pasthenyd Cmaamm@cefﬂxtbodq:thmlg malgic half
Vi i
A B Y
quhapothaxﬂﬂvemﬂmbnnmot be limted to the partlcular
enbodi nents di scl osed for carrying out the
i nvention. CLAIMS What is clained is:

thermopila}%gj iC mu{tlgﬁ

6. The method of claim 1, further including using an organic solvent in the reaction.
7. The method of claim 1, further including using a free radical inhibitor in the reaction.
8. The method of claim 7, wherein the free radical inhibitor is selected from the group

consisting of: benzoyl peroxide and azo bis isobutyronitrile.



1. A nethod for making a resin nultipolyner,
conprising: reacting a resin with an unsaturated
WORWoNErs)s wherei n the reaction fornms a ther nopP@sUSM07/083463
mul ti polyner. 2. The nethodSof claim1, wherein the
resin in present in anmount in the approxi mate range of
twenty-five to seventy-five percent by weight. 3. The
nethod of claim1, wherein the unsaturated nononer is
nthetic nononmer. 4. The nethod of claim1, further
9. | nc qipdrafistsén 1i fyrtherancleding ysing. a Gtalyphia thesiepgsign BRving the
gerela@fdMndra; Wherein the unsaturated nononer is selected
froma group consisting of: isoctyl acrylate, styrene,
part henyl cinnanat e, acryllc met hacrylic, maleic half
ester, vinyl ether, isopreRe, @crylic acid,
acryl am de, ethyl nethacrylatel| nethyl nethacryl ate,
epoxy, epoxy acryl alg;, =sracprere-0® The net hod of
claim1, further including using an organic solvent in
whéB@ R'e@Qtok 0P arfd RTRQ 1B MOGkofrb il BbuP Jk.abdud L& ®out 14 carbon
including using a free radical inhibitor in the
atomgact i on. 8. The net hod of cIa|n17, wherein the free
radical inhibitor is selected fromthe group
consi sting of: benzoyl peroxide and azo bis
10.i sobhetnyetiead afclaire 1 ofurtigrencheditgoiditigfingthe rearction Hyhermel

e j e reaction having the
decoﬂlﬁhéﬂﬂ} ntgc;}&rf %F%?ﬂ&i&g%%&éagc wherein RL is H or
CHG and R2 is a | i near hydrocarbon group of about 2to
ab Q The hod f
“fur e me Illon (ﬁf C (jlmrll gb i ﬁe ein Eue ce {a}(}ilcafs &e ra%g:af }%qnymenz[a\tlon
deconp05|t|on of an |n|t|ator to for forn1free
12radchaIs

he method of claim 1, further including initiating the reaction by a method selected

11

from the group consisting of: reduction oxidation; heat; and radiation.

13. The method of claim 1, further including reacting the resin and unsaturated monomer

with a comonomer.

14. The method of claim 13, wherein the comonomer is an unsaturated polyester.

15. A multicomponent copolymer comprising:

a resin and one or more reaction products, wherein the reaction product is produced

by reacting the resin with an unsaturated monomer.

16. The multicomponent copolymer of claim 15, further including rubber.

17. The multicomponent copolymer of claim 15, wherein the copolymer is a component

of a product selected from a group consisting of: coatings, inks and adhesives.



11. The method of claim 10, wherein the free radicals

pronote radical polynerization. 12. The net hod of
w@bk@posbps further including initiating the reaPCT/U8200y083463

a nmethod selected fromthelgroup consisting of:

reduction oxidation; heat; and radiation. 13. The

nmet hod of claim 1, further including reacting the

resin and unsaturated nononer with a conmononer. 14.

The nmethod of claim 13, wherein the conobnoner is an
18.uns@armcas der poIipssriag a mub CORPRRENt ¢apPOlYRIShEMEPTEBIBol ymer

c Or@lﬁin%'aﬂ Qnsaﬁlrﬁtgéfngn(ﬁﬂg t@ﬁ] fesfAlandRA ﬁnt’[a@(ﬁ'% 5 %ﬁlp@lraﬁgé"ﬁﬁﬁble for

wherein the reaction product is produced by reacting
decpmpositeani af wiet Mitsatorundigreur dreednspyratade mondiger Fhaets with the resin

|t t copol yner of claim15, further

fOIﬁﬁﬁ@ludlﬁp‘19 ﬂber. 17. The mul ti conponent copol ynmer of

clai m 15, wherein the copolynmer is a conponent of a
10, M e e as I PR GO T B e iR g 2

nul|tconponent copol yner conpr|5|ng addlng an

unsat ur at ed 0 sin and an initiator at. a
20, OB oreoie T s o s B Py Rty RliSH niofh
|n|t|ator, wherein the unsaturated nmononer reacts with
the resin faormng_the copolyner. 19. The process of
2Lc1 alfmpr CSWQE}EP%S fsher Cf dije s irpcting theresin frgpjiaplnt species
beakifg FibBEWr rutbdPr-1ikNEdRcAGESs of claim 18, further
i ncludi ng using supercritical reaction nmedium 21. The
process of claim 18, further |nclud|ng extracting the
22.1 eSTH} FréR & cREANT, WRESH 8% phedddefss i WRRSHIDE argentatum,
rubber-1ike hydrocarbons 5 he process of claim?21,
wherein the plant species is Parthenium argentatum



