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(57) ABSTRACT 

The present invention relates to a composition and method for 
fabricating composite resins that produce either reduced or 
Zero volatile organic compound (VOC) and Zero hazardous 
air pollutant (HAP) emissions. The non-volatile reactive dilu 
ents of the composite resin, fatty acid monomers, enhance the 
stability, shelf-life, ?exibility and strength of the composite 
resin. The resins incorporating fatty acid monomers may be 
used to repair military equipment or for any commercial 
repair purposes. 
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COMPOSITE REPAIR RESINS CONTAINING 
MINIMAL HAZARDOUS AIR POLLUTANTS 
AND VOLATILE ORGANIC COMPOUND 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
non-provisional patent application Ser. No. 1 1/ 124,55 1, ?led 
May 6, 2005, currently pending, pursuant to 35 U.S.C. §120, 
Which, in turn, claims the bene?t of US. provisional patent 
application No. 60/ 569,379, ?led on May 7, 2004, pursuant to 
35 U.S.C. §119(e). 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a composition and 
method for fabricating composite resins With reduced and 
Zero volatile organic compound (VOC) and hazardous air 
pollutant (HAP) emissions. More speci?cally, the present 
invention relates to composites or resins incorporating fatty 
acid monomers for use as a repair resin. 

[0004] 2. Brief Description of the Prior Art 
[0005] Composite resins used to repair equipment, 
vehicles, planes and Watercraft typically contain 10%-20% 
by Weight hazardous air pollutants (HAP) and volatile 
organic compounds (VOC). HAP and VOC chemicals are 
used to reduce repair resin viscosity to form a resin that is both 
easy to blend and easy to apply. Generally, composite resins 
are composed of a polymeric binder component and a hard 
ener. The polymeric binder generally includes a cross-linking 
agent, such as vinyl ester or unsaturated polyester, a reactive 
diluent, such as styrene, a free-radical decomposition pro 
moter, a free-radical inhibitor, and various inorganic addi 
tives, such as talc, magnesium carbonate, chopped glass ?ber 
and cabosil. Not including the additives, the HAP and VOC 
content constitutes about 20%-50% of the resin binder con 
tent by Weight. The polymeric binder is mixed With the hard 
ener Which typically comprises a free-radical initiator and 
surfactants. 
[0006] In an effort to minimiZe the environmental damage 
caused by HAP emissions, the Environmental Protection 
Agency has established neW regulations limiting the HAP 
content of composite materials. The regulations require com 
pliance With facility Wide emissions limits by 2008 and con 
tinuous emissions monitoring of all HAP-containing com 
posite materials. Therefore there exists a need to develop 
composite resins capable of mitigating HAP emissions and 
meeting the proposed guidelines. 
[0007] This legislation particularly affects the manufactur 
ing of composite resins used for repairing military equipment. 
A recent 2006 report to the Army entitled, “Miscellaneous 
Adhesives and Sealants Technology Thrust Area”, states that 
currently, there exist no environmentally friendly repair res 
ins. Consequently, the military generates thousands of 
pounds of haZardous Waste from expired resins annually. 
HAP emissions from vehicle repairs are one of the largest 
sources of emissions from miscellaneous coatings in the 
Army. Moreover, because it is impractical to use enclosures 
and trapping devices, ?eld repair resins are typically cured in 
the open, generating a signi?cant amount of HAP emissions. 
[0008] Additionally, there exists a need to develop a more 
durable composite repair resin. The high reactivity of the 
current repair resin chemistry results in a short shelf-life of 
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less than 1 year; thermal and mechanical properties decrease 
rapidly upon expiration of the shelf-life. This is particularly 
problematic in vieW of the fact that military equipment must 
be able to Withstand extreme conditions. Therefore typical 
military repair resins, such as BondoTM, 6294 Dent Filler, 887 
Metal-2-Metal Reinforcement and other vinyl ester compos 
ite resins, lack su?icient durability and material properties to 
endure military applications. 
[0009] Military equipment is frequently subject to dam 
aged by impact of a foreign object, ballistic impact, moisture 
intrusion and expansion, corrosion, collision and mainte 
nance-induced damage. The degree of damage may range 
from: light damage, requiring only aesthetic repairs and coat 
ing repairs; moderate damage, requiring repair of delamina 
tions, small patches and edge repairs, to heavy damage, 
requiring full depth, core and substructure repairs. 
[0010] For a typical light to moderate ?eld repair, any 
remaining coating in the repair area is removed by hand 
sanding or portable tools. The damaged part is then cut out in 
an appropriate con?guration, often circular. Scar?ng, 
removal of top layers of material done at a shalloW angle, is 
commonly done by hand. The surface is then sanded further 
and cleaned using an available solvent. Composite repair 
resins, such as some BondoTM products, containing short 
reinforcing ?bers can then be applied to the damage Zone. The 
resin cures at room temperature. Light repairs can be done in 
a similar manner using BondoTM products and similar com 
posite repair resins Without much, if any, scar?ng. 
[001 1] Depot repair is typically a bit more elaborate. Rather 
than using simple repair resins for moderate or heavy dam 
age, the damage Zone Will be ?lled With ?bers or honeycomb 
and vacuum infused or cured using Wet lay-up. This alloWs 
the use of more elaborate resin systems, such as phenolics, 
and autoclave cure. HoWever, for most light repair and some 
moderate repair, BondoTM and similar resins are used for the 
repair. Not only are these repair resins used in composite 
structures, they are also used to do light and moderate repair 
to non-armor metal structures, such as body paneling, by 
?lling in holes and dents in a manner similar to that used for 
composite structures. 
[0012] In light of the need for durable reduced HAP repair 
resins for military as Well as commercial use, various envi 
ronmentally friendly material alternatives such as electron 
beam (E-beam) curable repair resins have been proposed. 
Unfortunately, E-beam instruments impose a high capital 
cost and are not portable, making military ?eld repair imprac 
tical. Furthermore, E-beam curable resins are not a drop-in 
alternative to current repair resins, and are therefore not 
highly desired by the end users. 
[0013] Epoxy resins Were also found inadequate, in part 
because epoxy resins cost approximately four times the 
amount of vinyl ester (VE) and unsaturated polyester (U PE) 
resins. In addition, epoxy resins are usually formulated in tWo 
part mixtures that need to be added in precise ratios. Inaccu 
rate ratios or poor mixing can result in poor and inconsistent 
properties. Epoxies can be cured using agents, such as a 
dicyandiamide, Where exact mix ratios are not important, but 
cure of these systems does not occur until elevated tempera 
tures, Which is impractical for ?eld repair. 
[0014] Researches have also contemplated composite 
repair resins that reduce HAP and VOC components such as 
styrene. Simply reducing the styrene content in composite 
resins, hoWever, causes one of tWo signi?cant problems. If the 
resin is ?lled to the same extent With inorganic ?llers for the 
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loW styrene formulation as it is With the regular formulation, 
the loW HAP repair resin Will have an unacceptably high 
viscosity. Alternatively, loWer ?ller contents can be used, but 
these Will detrimentally affect the stiffness of the resulting 
repair. 
[0015] It has also been proposed to replace the commonly 
used HAP component styrene With other components, such as 
2-hydroxymethacrylate. These substitutions generally pro 
duce inferior resin viscosity and properties in comparison to 
styrene-based thermosetting resins. Moreover, 2-hy 
droxymethacrylate produces signi?cant VOC emissions. 
Ortho and para-methyl styrene have loWer volatilities than 
styrene; hoWever, these chemicals still produce signi?cant 
VOCs and Would probably be classi?ed as HAPs if used on a 
large scale. 
[0016] US. Pat. Nos. 4,918,120 and 5,286,554 disclose 
incorporating additives, such as para?in Waxes, to suppress 
styrene emissions. These resins, hoWever, suffer from poor 
polymer performance and poor interfacial adhesion in ?ber 
matrix composites. Furthermore, studies have shoWn that 
these additives do not effectively decrease styrene emissions 
during the time-scale of use. 
[0017] In an effort to develop a practical environmentally 
friendly composite resin, fatty acid monomers (FAM) have 
also been considered. US. patent publication no. 2005/ 
0277734 discloses a polyurethane sealant including a fatty 
acid ester. Additionally, US. patent publication no. 2005/ 
0250923 also discloses a technology for compatibiliZing fatty 
acid monomers and vinyl ester and unsaturated polyester 
resins. The composite resin attaches free-radically polymer 
iZable functionality to fatty acids, While adding other func 
tionality to make the fatty acid monomers soluble in VE and 
UPE resins. Composite resin formulations incorporating fatty 
acid monomers reduced styrene content up to about 78%. 
Although these resins reduce HAP and VOC emissions, the 
patents do not disclose the capability of completely eliminat 
ing HAP and VOC components or emissions. Nor do these 
patents present inorganically ?lled formulations that are use 
able for repair applications. 
[0018] There are a number of reasons Why the study and 
development of fatty acid-based monomers for use in com 
posite resins is important. First, fatty acid monomers can be 
used to replace some or all of the styrene used in liquid 
thermosetting resins. Fatty acid monomers are excellent alter 
natives to styrene because of their loW cost and loW volatility. 
Furthermore, fatty acids are derived from plant oils, and are 
therefore a reneWable resource. Thus, not only does the use of 
fatty acid monomers in liquid molding resins reduce health 
and environmental risks, but it also promotes global sustain 
ability. 
[0019] Fatty acids and triglycerides have been used in a 
number of polymeric applications. The preparation of epoxi 
diZed and hydroxylated fatty acids has been revieWed by 
many researchers, including Gunstone, Litch?eld, SWem, 
etc. EpoXidiZed and acrylated triglycerides have been used as 
plasticiZers and toughening agents. In fact, the largest non 
food use of triglycerides is the use of epoXidiZed soybean and 
linseed oils as plasticiZers inpoly(vinyl chloride). EpoXidiZed 
triglycerides have also been studied for use as toughening 
agents in epoxy polymers. 
[0020] The production of free radically reactive plant oil 
based monomers is a more recent invention. Nevin patented 
the preparation of acrylated triglycerides in US. Pat. No. 
3,125,592, Which can be homopolymeriZed or copolymeriZed 
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With other free-radically reactive monomers. These acrylated 
triglycerides have been used in coatings, inks, toughening 
agents, and adhesives. Using this technology, adhesives have 
been made from fatty acid methyl esters. In addition, thermo 
setting liquid molding resins have been made using chemi 
cally modi?ed plant oils as cross-linking agents in thermo 
setting resins (U.S. Pat. No. 6,121,398). Anhydrides, such as 
phthalic anhydride, have been used to form air curable coat 
ings (Japanese Patent nos. 73-125724, 74-103 144, 80-62752, 
and 81-64464). In addition, the use of maleic anhydride for 
making free-radically reactive triglycerides has been pat 
ented (US. Pat. No. 6,121,398). HoWever, until noW, fatty 
acids have not been used as reactive diluents in thermosetting 
liquid molding resins. 

SUMMARY OF THE INVENTION 

[0021] In a ?rst aspect, the invention relates to a composite 
resin incorporating fatty acid monomers that generates mini 
mal or no HAP/VOC emissions. 

[0022] In a second aspect, the present invention relates to 
processes for the synthesiZing the fatty acid monomers and 
fabricating the composite resin. 
[0023] In a third aspect of the invention, fatty acid mono 
mers are used to replace some or all of the volatile reactive 
diluents in liquid molding resins. 
[0024] In a fourth aspect, the present invention relates to 
methods of using the composite resins of the invention as 
repair resins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 shoWs a means for synthesiZing fatty acid 
based monomers. 

[0026] FIG. 2 shoWs the chemical structure for glycidyl 
methacrylate fatty acid adducts. 
[0027] FIGS. 3(a)-3(b) shoW the chemical structure for 
di-functional monomers: 3(a) vinyl esters, and 3(b) unsatur 
ated polyesters, Which are the most common cross-linking 
agents for repair resins. 
[0028] FIG. 4 shoWs the chemical structure for free-radi 
cally reactive fatty acids. 
[0029] FIG. 5 shoWs the chemical structure for allyl fatty 
acid monomers. 

[0030] FIG. 6 shoWs the chemical structure for fatty acids 
With both primary and secondary epoxide groups. 
[0031] FIG. 7 shoWs the chemical structure for fatty acids 
With free-radical functionality at both the center and end of 
the fatty acid chains. 
[0032] FIG. 8 shoWs the chemical structure for a cycliZed 
fatty acid or fatty acid ester monomer With free-radical func 
tionality attached to the cyclic group via epoxidation then 
acrylation of remaining unsaturation sites. 
[0033] FIG. 9 shoWs the chemical structure for a cycliZed 
fatty acidmonomer-glycidyl methacrylate adduct Where R5 is 
an unsaturated cyclic alkyl residue having 10-50 carbon 
atoms. 

[0034] FIG. 10 shoWs the chemical structure for di-vinyl, 
cycliZed fatty acid monomers. 
[0035] FIG. 11 is a thermogravimetric analysis (TGA) of 
commercial resins and the fatty acid vinyl ester resins (FAVE) 
shoWing that the commercial resins have signi?cantly more 
mass loss because only the styrene component evaporates. 
[0036] FIG. 12 is a How chart for formulating a repair resin. 
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[0037] FIG. 13 shows a graph of viscosity as a function of 
shear rate for BondoTM Autobody Filler and a HAP-free for 
mulated resin containing 55% resin (19.25 wt % VE mono 
mer and 35.75 wt % MLau), 25 wt % Talc, 15 wt % MgCO3, 
and 5 wt % glass microspheres. 
[0038] FIG. 14 shows a graph of viscosity at given shear 
rates for commercial repair resins (BondoTM Type liBondo 
Glass) and fatty acid based resins, which list the resin content 
(R), talc content (T), ?brous glass content (FG), MgCO3 
content (M), and NaBO2 content (N). The numbers, such as 
40/60, represent the ratio of VE to MLau used in the resin 
component. 
[0039] FIG. 15 shows DMA results for a repair resin con 
taining 19.25 wt % CN-151, 35.75 wt % MLau, 22 wt % talc, 
17 wt % MgCO3, and 8 wt % NaBO2. 
[0040] FIG. 16 shows Tg as a function of resin formulation 
for commercial repair resins (BondoTM Type 2iAutobody 
Filler) and fatty acid based resins. 
[0041] FIG. 17 shows the storage modulus as a function of 
resin formulation for commercial repair resins (BondoTM 
Type 2iAutobody Filler) and fatty acid based resins. 
[0042] FIG. 18 shows TGA plots showing percent mass 
remaining vs. temperature for BondoTM Glass and Zero HAP 
resin containing 15.75 wt % CN-151, 29.25 wt % MLau, 30 
wt % talc, 10 wt % ?brous glass, and 10 wt % MgCO3. 
[0043] FIG. 19 shows a graph of ?exural strength and ?ex 
ural modulus for BondoTM Glass (Type 1), BondoTM Auto 
body Filler (Type 2), HAP-free FG (20% CN-151, 30% 
MLau, 30% T, 10% FG, and 10% M), and HAP-free (20% 
CN-151, 30% MLau, 30% T, 15% M, and 5% N). 
[0044] FIGS. 20(a)-20(b) are photos of Zero HAP repair 
resin applied to dents in truck tailgate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] The present invention is directed to reduced and 
Zero haZardous air pollutants (HAP) and reduced and Zero 
volatile organic compounds (VOC) generating composite 
resins, comprising a resin binder component, a hardener com 
ponent and a ?ller component. More speci?cally, the inven 
tion is directed to a composition including a resin binder 
component comprising a cross-linking polymer, at least one 
reactive diluent and a promoter, wherein the resin binder 
incorporates fatty acid monomers foruse as non-volatile reac 
tive diluents. 
[0046] The composite repair resin consists of resin binder, 
composed of a cross-linker and a reactive diluent, organic/ 
inorganic ?llers, free radical inhibitors, and promotors. The 
resin binder binds the entire composite system together when 
polymeriZed. The cross-linking agents give strength, chemi 
cal resistance, and heat resistance to the resulting material. 
The reactive diluent gives the resin binder a low viscosity 
enabling the resin to be ?lled to a suf?cient extent with 
organic/inorganic reinforcement. The free-radical promoter 
catalyZes the breakdown of free-radical initiators at room 
temperature. Free radical inhibitors reduce the rate of poly 
meriZation once free-radical breakdown has occurred, and 
thus lengthen the working time. 
[0047] The resin binder preferably comprises 20-70% by 
weight of the composite resin. More preferably, the resin 
binder comprises 30-65% by weight of the composite resin. 
Most preferably, the resin binder comprises 40-60% by 
weight of the composite resin. 
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[0048] The cross-linking monomer may comprise from 
about 5% to about 90% by weight of the resin binder, more 
preferably about 10% to about 85% by weight of the resin 
binder and most preferably about 15% to about 80% by 
weight of the resin binder. 

[0049] The cross-linking polymer may comprise any vinyl 
esters, polyurethanes, unsaturated polyesters, other free-radi 
cally reactive cross-linking systems and/or mixtures thereof. 
[0050] Preferably, the cross-linking polymer is any vinyl 
ester or unsaturated polyester (UPE). Suitable vinyl esters 
include, but are not limited to, methacrylated and acrylated 
glycidyl ethers of bisphenols. Suitable bisphenols include, 
but are not limited to, bisphenol A, hexa?uorobisphenol A, 
bisphenol E, bisphenol F, tetramethyl bisphenol E, tetram 
ethyl bisphenol F, bisphenol M, bisphenol C, bisphenol P and 
bisphenol Z. Methacrylates and acrylates of ethoxylated 
bisphenols may also be employed. Vinyl esters having an 
average vinyl functionality greater than one should be 
employed to induce adequate cross-linking This includes sys 
tems such as: acrylic and alkyl-acrylic vinyl esters of epoxy 
novolacs, acrylates tris-hydroxyphenylmethane glycidyl 
ether (THPM-GE), ethoxy phenol novolacs, and ethoxylated 
tris-hydroxyphenylmethane. Also, brominated versions of 
the above systems, such as, for example, brominated bisphe 
nol A based vinyl esters, may be employed. Preferred vinyl 
esters are the bisphenol vinyl esters due to their relatively low 
cost and high performance capabilities. 
[0051] Preferably, suitable unsaturated polyesters include 
diethylene glycol-based fumarates maleates, and phthalates. 
These unsaturated polyesters are inexpensive and easily 
manufactured. UPE monomers with an average unsaturation 
number of more than one are preferred to induce adequate 
cross-linking. 
[0052] The reactive diluent of the present invention com 
prises at least one fatty acid monomer (FAM). In a preferred 
embodiment, the FAM comprises methacrylated fatty acid 
(MFA) monomers, methacrylated fatty acid esters, acrylated 
fatty acid esters and/or derivatives thereof. Exemplary fatty 
acids that may be employed to make the fatty acid monomers 
of the present invention, include, but are not limited to, 
butyric acid, capric acid, caprylic acid, caproic acid, lauric 
acid, myristic acid, palmitic acid, stearic acid, oleic acid and 
linoleic acid. Preferably, the FAM comprises about 5% to 
about 95% by weight of the composite resin binder, more 
preferably about 15% to about 80% by weight of the com 
posite resin binder and most preferably about 20% to about 
75% by weight of the composite resin binder. 
[0053] FAMs are ideal candidates to replace some or all of 
the high VOC chemicals such as styrene in vinyl ester, unsat 
urated polyester and other thermosetting liquid molding res 
ins because they are characterized by low volatilities, low 
viscosities and are reactive with other vinyl monomers in 
addition to being inexpensive and promoting global sustain 
ability, since they are derived from renewable resources. In 
comparison to styrene and other standard reactive diluents, 
which are primarily volatile organic compounds and haZard 
ous air pollutants, FAMs are generally non-volatile under 
typical fabrication and use conditions due to their relatively 
high molecular weight. Therefore, they do not yield HAP or 
VOCs during manufacture or use. 

[0054] Without being bound by theory, the present inven 
tion may be used to reduce or eliminate VOC/ HAP emissions 
by (1) lowering the VOC/ HAP content of the resultant resin 
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and/ or (2) binding more of the reactive diluents into the resin 
to reduce the amount of reactive diluent that can volatiliZe. 
[0055] FAMs are also signi?cantly more stable than styrene 
monomers. The shelf-life of resins incorporating FAM mono 
mers may be considerably longer than that of commercial 
resins. Furthermore, higher reactive diluent to cross-linker 
ratios are typically used in the formulated Zero HAP repair 
resins than are used in commercial repair resins, Which may 
further increase the shelf-life of fatty acid-based repair resins. 
[0056] The use of FAMs as reactive diluents has been tested 
experimentally and found to be successful, i.e. repair resins 
using fatty acid monomers to replace some or all of the 
styrene in these resins have been found to have acceptable 
resin viscosities and polymer mechanical properties similar 
to that of commercial repair resins that contain signi?cant 
HAP component. 
[0057] The promoter may be any compound that is capable 
of catalyZing the room temperature breakdoWn of a free radi 
cal initiator to induce room temperature polymeriZation of a 
resin. In a preferred embodiment, the promoter is dimethyla 
niline. Other promotors such as cobalt naphthenate can be 
used. Preferably, the promoter comprises about 0.05% to 
about 5% by Weight of the composite resin, more preferably 
about 0.1% to about 2% by Weight of the composite resin and 
most preferably about 0.2% to about 1% by Weight of the 
composite resin. The promoter is added to promote free radi 
cal curing by initiators such as benZoyl peroxide initiators, 
Which are typically used in the hardener component. 
[0058] Free-radical inhibitors are molecules that retard the 
decomposition of a free-radical initiator or prevent polymer 
iZation due to the decomposition of a free-radical initiator. In 
a preferred embodiment, no additional inhibitor (outside 
What is normally added to the monomers during synthesis) is 
necessary. Yet, if needed to create longer Working times, a 
preferred inhibitor is hydroquinone. Other inhibitors, such as 
2,4-pentanedione can be used. Preferably, the inhibitor com 
prises about 0 to about 0.5% by Weight of the composite resin, 
more preferably about 0% to about 0.1% by Weight of the 
composite resin and most preferably about 0% to about 
0.05% by Weight of the composite resin. 
[0059] The composite resin also includes a hardener com 
ponent Which comprises an initiator and surfactants. The 
hardener may comprise any standard or commercial harden 
ing compound for repair resins, such as BondoTM Red Cream 
Hardener, and preferably constitutes about 2% by Weight of 
the composite resin. Additionally, benZoyl peroxide Was 
mixed With soap or soap and canola oil to prepare an adequate 
hardener. The soap and triglycerides alloW for easy mixing of 
the hardener in the viscous repair resin. 
[0060] The initiator component may comprise benZoyl per 
oxide, methyl ethyl ketone peroxide (MEKP), cumene hydro 
peroxide or any other standard initiator. Preferably, the hard 
ener is a liquid solution that contains a free-radical initiator; 
most preferably, the initiator is benZoyl peroxide. 
[0061] Inorganic ?ller components, such as talc and 
chopped glass ?bers may also be mixed into the resin formu 
lations, for example, by hand mixing or through the use of 
high shear mixers. Various inorganic ?ller components and 
contents may be employed. The inorganic materials may also 
have a variety of different particle siZes preferably ranging 
from nano-siZed to micron-siZed or larger. 

[0062] Although the preferred embodiment of the compos 
ite resin contains no components that generate HAP, the 
present invention also contemplates composite resins Which 
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incorporate small amounts of HAP monomers. Reduced 
VOC/HAP repair resins may be prepared by blending the 
fatty acid monomers described above and styrene or other 
conventional HAP or VOC monomers, such as methyl meth 
acrylate, divinyl benZene, 2-hydroxymethacrylate, alpha-me 
thyl styrene, para-methyl styrene or mixtures thereof, with 
VB and/ or UPE monomers. In contrast to typical repair resins 
Which contain about 10%-about 30 Wt % HAP monomers, the 
compositions of the present invention may contain about 
0%-about 15% by Weight of HAP monomers. More prefer 
ably, the composite resins contain about 0%-about 10% by 
Weight of HAP monomers and, mo st preferably, the compos 
ite resins contain not more than about 5% by Weight of other 
HAP monomers. 

[0063] Exemplary ?lled repair resins of the present inven 
tion have about 20 to about 70 Wt % resin (1 -90% VE or UPE, 
1-90% FAM, and 0-15 Wt % styrene), about 0 to about 50 Wt 
% talc, about 0 to about 50% magnesium carbonate, about 0 
to about 30% sodium metaborate, about 0 to about 35 Wt % 
?brous glass, about 0 to about 30% silica thickener, about 0 to 
about 10 Wt % glass microspheres, about 0 to about 10 Wt % 
phenolic microballoons, about 0 to about 30% alumina, and 
about 0 to about 30% sand, With preferably about 30 to about 
65 Wt % resin, about 5 to about 40 Wt % talc, about 5 to about 
40% magnesium carbonate, about 0 to about 20% sodium 
metaborate, about 0 to about 25 Wt % ?brous glass, about 0 to 
about 20% silica thickener, about 0 to about 10 Wt % glass 
microspheres, about 0 to about 10 Wt % phenolic microbal 
loons, about 0 to about 10% alumina, and about 0 to about 
10% sand, and most preferably about 40 to about 60 Wt % 
resin, about 15 to about 35 Wt % talc, about 15 to about 30% 
magnesium carbonate, about 3 to about 10% sodium metabo 
rate, about 0 to about 15 Wt % ?brous glass, about 0 to about 
15% silica thickener, about 0 to about 10 Wt % glass micro 
spheres, about 0 to about 10 Wt % phenolic microballoons, 
about 0 to about 10% alumina, and about 0 to about 10% sand. 

[0064] The composite resins of the present invention have 
similar properties relative to commercial resins, such as sty 
rene based vinyl esters and polyesters, in addition to 
enhanced dimensional stability, loWer exotherm, higher 
toughness, produce much loWer emissions, and have little or 
no HAP orVOC chemicals, and a longer shelf-life. Moreover, 
because MFA resins have broader glass transitions, Tg, than 
commercial resins, they also have enhanced loW temperature 
?exibility Which improves durability and Weatherability. The 
resin further, does not produce a HAP/VOC related odor 
during manufacturing and provides for a safe Work environ 
ment by reducing or eliminating exposure to haZardous and 
volatile chemicals. 

[0065] Advantageously, the resin is easy to apply to sur 
faces and may be easily painted and coated. Due to its lack of 
volatility, the resin also does not blister upon painting or 
coating With another material. By contrast, commercial resins 
do not fully cure at room temperature. Thereby, unreacted 
HAP components can out-gas HAPs and VOCs over time, 
along With their characteristic smell. In addition, if the 
repaired area is painted, the out-gassing can produce blisters 
in the paint. FIG. 11 illustrates this comparison shoWing the 
mass loss for uncured resins as a function of time for resins 
formulated with VB, MFA, and styrene. 
[0066] The composite resin of the present invention has a 
number of applications as a commercial repair resin. The 
resin may be used to perform minor repairs, such as ?lling in 
dents and holes in various structures, as Well as extensive 
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repairs. Typical applications may include automotive body 
repair, Watercraft repair, repair of airplane paneling, furniture 
repair, household repairs and repair of sports equipment such 
as skis, surfboards and helmets. The resin may be used to 
repair any item or surface for Which commercial repair resins 
are currently used. In addition, these materials can be used 
With traditional thermosetting vinyl and polyester resins to 
serve as gel coating matter providing a protective coating. 
Moreover, the resin may be used to repair military and marine 
equipment, such as Weapons, armor metal structures, body 
paneling, platforms, support equipment, or any other military 
equipment or surface. The resin is particularly Well suited to 
repairing equipment, items and surfaces. For example, it may 
be used to repair body panels and armor for vehicles, com 
posite hoods and Watercraft hull structures. The composite is 
envisioned to Withstand paint adhesion testing, shaping and 
machining testing. 
[0067] The invention is directed to a novel method for 
preparing resins having minimal or no HAPs or VOCs. As 
previously discussed, the composite resin comprises a mix 
ture of three components: a resin binder, a hardener and ?ller. 
In a preferred embodiment, depicted in FIG. 12, the resin 
binder is ?rst formulated by blending FAMs, including meth 
acrylated fatty acid monomers, methacrylated fatty acid ester, 
and acrylated fatty acid ester, WithVE or UPE monomers. The 
resin binder component preferably comprises from about 
20-70% by Weight of the composite resin, more preferably 
about 30-65% by Weight of the composite resin, and most 
preferably 40-60% by Weight of the composite resin. The 
hardener component, Which comprises a free radical initiator 
and surfactants, is then mixed into the resin binder. In a 
preferred embodiment, the hardener is BondoTM Red cream 
and constitutes 2% by Weight of the composite resin curing 
Within 30 minutes. Preferably, 0.1-10 Wt % hardener is used. 
More preferably, 0.5-5 Wt % hardener is used. Most prefer 
ably, 1-3 Wt % hardener is used. 
[0068] Zero and reducedVOC/HAP resinbinders Were pre 
pared by blending MFA and styrene or other HAP or VOC 
monomer, such as styrene and methyl methacrylate, With VE 
and UPE monomers. These resin formulations contained 
about 0% to about 15% by Weight styrene, Which is a reduc 
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tion compared to typical repair resins With about 15% to about 
20% by Weight styrene. Various compositions ofVE/UPE and 
MFA monomers Were used to make a variety of repair resin 
formulations. Dimethylaniline Was added to the formulation 
to promote free radical cure of benZoyl peroxide initiators, 
Which are typically used in the hardener component. Increas 
ing the dimethylaniline content decreases the Working time 
When using a given amount of a hardener component. Inor 
ganic components, such as talc, chopped glass ?bers, magne 
sium carbonate and/or sodium metaborate Were thoroughly 
mixed into the resin formulations using high shear mixers. 
Various inorganic ?ller components, such as alumina, silica 
thickener/cabosil, glass microspheres and phenolic microbal 
lons, having various particle siZes Were also incorporated in 
the composites. Table 1 discloses a variety of ?ller compo 
nents, and preferred corresponding percent by Weight ranges 
that may be incorporated as part of the resin binders. Inhibi 
tors, such as hydroquinone, can also be added to the resin. 
These inhibitors Will increase the Working time, and if used at 
0.5% by Weight or less, Will generally have little effect on the 
cured polymer appearance and properties. These resins may 
be cured in any suitable manner such as curing processes used 
to cure free-radically reactive systems, including, but not 
limited to thermal cure, room temperature cure, electron 
beam cure, and ultraviolet cure. 
[0069] Similarly Zero HAP composite resin binder formu 
lations may also be prepared With various contents of MFA, 
VE, and dimethylaniline. The amounts of each of these com 
ponents may be varied. Increasing the MFA content, reduces 
resin viscosity and also reduces the resin’s T . Increasing the 
dimethylaniline content decreases the Working time When 
using a given amount of a hardener component. The ?llers 
acted similarly in increasing the viscosity of the uncured resin 
and increasing the stiffness of the cured polymer. Inhibitors, 
such as hydroquinone, can also be added to the resin. These 
inhibitors Will increase the Working time, and if used at 0.5% 
by Weight or less, Will generally have little effect on the cured 
polymer appearance and properties. These resins may be 
cured in any Way used to cure free-radically reactive systems, 
including, but not limited to thermal cure, room temperature 
cure, electron beam cure, and ultraviolet cure. 

TABLE 1 

Embodiment Embodiment Embodiment Embodiment Embodiment 
1 2 3 4 5 

Resin 30-70 Wt % 35-60 Wt% 45-55 Wt% 30-70 Wt% 35-60 Wt % 
Talc 0-50 Wt % 0-40 Wt % 15-35 Wt % 5-50 Wt % 10-40 Wt % 
magnesium 0-50 Wt % 0-40 Wt % 15-30% Wt % 5-50 Wt % 10-40 Wt % 
carbonate 
sodium 0-30% Wt % 0-20% Wt % 3-10% Wt % 1-30 Wt % 2-20% Wt % 
metaborate 
?brous glass 0-35% Wt % 0-25 Wt % 0-15 Wt % 
silica 0-30% Wt % 0-20% Wt % 0-15 Wt % 0-30 Wt % 0-20% Wt % 
thickener 
glass 0-10 Wt% 0-10% Wt% 0-10 Wt% 0-10% Wt% 0-10% Wt% 
microspheres 
phenolic 0-10 Wt % 0-10% Wt % 0-10 Wt % 
microballoons 
alumina 0-30 Wt % 0-10% Wt % 0-10 Wt % 

Sand 0-30 Wt% 0-10% Wt% 0-10 Wt% 

Embodiment Embodiment Embodiment Embodiment 
6 7 8 9 

Resin 45-55 Wt% 30-70 Wt% 35-60 Wt% 35-60 Wt % 
Talc 15-35 Wt % 0-50 Wt % 10-40 Wt % 15-35 Wt % 

magnesium 15-30 Wt % 0-50 Wt % 10-40 Wt % 15-30% Wt % 
carbonate 
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TABLE l-continued 
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sodium 3-10 Wt % 5-35 Wt % 
metaborate 
?brous glass 
silica 0-5 Wt % 
thickener 
glass 0-10 Wt % 
microspheres 
phenolic 
microballoons 
alumina 
Sand 

0-30 Wt % 

0-10 Wt % 

5-25 Wt% 

0-20 Wt % 

0-25 Wt % 

5-20 Wt % 

0-15% 

0-10 Wt% 

[0070] One factor in the fabrication of the composite resin 
is the synthesis of the FAM. A number of synthetic proce 
dures can be employed for making fatty acid-based mono 
mers for use as a reactive diluent in vinyl ester resins. FIG. 1 
lists some of the synthetic routes that can be employed. In all 
of the synthetic routes, the starting materials are selected from 
triglycerides, shoWn in FIG. 1 (Known 0), fatty acids shoWn 
in FIG. 1 (KnoWn 1a), fatty acid methyl esters shoWn in FIG. 
1 (KnoWn 2a), and cyclic fatty acids shoWn in FIG. 1 (KnoWn 
5). Re?ned plant oils contain approximately 99% triglyceride 
molecules. Industrially, fatty acids (FA) are produced from 
triglycerides by reaction With a strong acid, such as HCl. Fatty 
acid methyl esters (FAME) are produced by a methanolysis 
reaction. In this reaction, methanol replaces the glycerol ester 
linkages of the fatty acids under basic conditions. Cyclized 
fatty acids may be produced by reacting polyunsaturated fatty 
acids of triglycerides at high temperatures under basic con 
ditions. 

[0071] In synthetic Route 1b, fatty acids are reacted With an 
epoxy-vinyl species, such as glycidyl methacrylate (GM). 
The carboxylic acid group of each of the fatty acids adds to the 
epoxide group on glycidyl methacrylate. The resulting spe 
cies of glycidyl methacrylate fatty acid may be a fairly long 
hydrocarbon, typically 12-26 atoms in length depending on 
the fatty acid used, With a terminal unsaturation site that is 
capable of free radical polymerization (FIG. 2). The length of 
the fatty acid chain affects the resin and polymer properties. 
Therefore, the particular fatty acid used has an effect on the 
polymer properties, thereby alloWing customization of the 
polymer by selection of the fatty acid monomer(s). 
[0072] Any fatty acid can be methacrylated using glycidyl 
methacrylate. For example, butyric acid, capric acid, caprylic 
acid, lauric acid, myristic acid, palmitic acid, stearic acid, 
oleic acid, and linoleic acid Were all used as starting materials 
for such methracrylation reactions. Mixtures of the fatty acids 
found in safflower oil Were also used for methacrylation reac 
tions. 

[0073] Epoxides, such as glycidyl methacrylate, react With 
fatty acids at temperatures below 1000 C. With short reaction 
times, if properly catalyzed. A chromium based catalyst, 
AMC-2TM (Aerojet Chemicals, Rancho Cordova, Calif.) has 
been successfully used to catalyze this reaction in amounts 
ranging from 0.5% to 2.0% by Weight, based on the total 
Weight of the reaction mixture. 
[0074] Alternatively, 0.1-3.0 Wt % of a 3 :1 ratio of triphenyl 
antimony (SbPh3) to triphenyl phosphine (PPh3) catalyst can 
be used to catalyze the reaction of epoxides With fatty acids. 
Near IR or mid IR (FTIR) can be used to determine the extent 
of the reaction since the primary epoxide peaks at 4530 cm-1 
and 917 cm“1 can be tracked during the reaction. When the 

reaction has gone to completion, the epoxide peaks disappear, 
indicating substantially complete consumption of the 
epoxide during the reaction. 
[0075] In synthesis Route 2b, unsaturation sites on fatty 
acid methyl esters are ?rst epoxidized, and then reacted With 
a vinyl carboxylic acid, such as acrylic acid or methacrylic 
acid. The resulting monomer FIG. 1 (KnoWn 2b) includes an 
acrylate or methacrylate group, Which is capable of free radi 
cally polymerizing, in the middle of a long hydrocarbon chain 
(20 atoms long). Ideally, this monomer Will have only a single 
acrylate group. For this to be the case, monounsaturated fatty 
acids need to be used. Pure mono-unsaturated acids are fairly 
expensive. Canola oil and olive oil are relatively inexpensive 
sources of mono-unsaturated acids, but they each have sig 
ni?cant contents of saturated and polyunsaturated acids. The 
preparation of acrylated epoxidized fatty acid methyl esters is 
described elsewhere. 
[0076] Di-functional monomers can be used to improve the 
properties of vinyl ester resins by providing additional cross 
linking as Well as decreasing the amount of unreacted mono 
mer in the cured polymer. Synthesis Route 3 shoWs a Way to 
produce di-functional monomers FIG. 3 by combining the 
synthetic procedures of synthesis Routes 1 and 2. Free-radi 
cally reactive fatty acids FIG. 4 are an intermediate, Which are 
believed to be novel. These species can be used to create 
free-radically reactive surfactants by simple addition of the 
free-radically reactive fatty acid With aqueous sodium bicar 
bonate. 

[0077] Allyl alcohol (AOH) is used to break up the triglyc 
erides into allyl fatty acid monomers FIG. 5 in a procedure 
that is very similar to the methanolysis reaction. These mono 
mers (AOH-FA) have a primary unsaturation site that could 
potentially be used for free radical polymerization. In addi 
tion, the unsaturation site can be epoxidized to form fatty 
acids With both primary and secondary epoxide groups FIG. 
6. This product can be used as an epoxy chemical for various 
applications, such as a chain extender in epoxy resins. In 
addition, the epoxide groups can be reacted With a vinyl acid, 
such as acrylic acid, to yield fatty acids With free-radical 
functionality at both the center and end of the fatty acid chains 
FIG. 7. 

[0078] Allyl alcohol Was used to break apart the glycerol 
linkage of triglycerides in soybean oil to produce allyl alcohol 
modi?ed fatty acids (AOH-FA) (Product 4a). The reaction 
mixture contained 70 g oil (soybean oil), 22 ml allyl alcohol, 
and 25.5 ml of a 0.5 N KOH/allyl alcohol solution. The 
contents Were mixed and reacted at 600 C. for 3 days. After 
Wards, the reaction products Were recovered using an ether 
extraction, as for the methanolysis reaction. The level of 
functionalization With allyl alcohol Was measured using 
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lH-NMR. Results have shown that the allyl alcoholysis reac 
tion proceeds to about 80% completion. Other plant oils, 
including olive oil and canola, were modi?ed in the same 
manner with the same results. Therefore, this method can be 
applied to all triglyceride oils. Epoxidation of the allyl unsat 
uration sites can be done using peroxyacetic acid or transition 
metal complexes, as described elsewhere. 
[0079] Synthetic Routes 6-8 make use of the cycliZed 
derivatives of triglycerides. In synthetic Route 6, a methyl 
ester of the cycliZed species is foamed via methanolysis FIG. 
1 (Known 6a). The remaining unsaturation sites on the fatty 
acid are then epoxidiZed and acrylated to add free radical 
functionality to the fatty acid FIG. 8. In Route 7, cycliZed fatty 
acids are produced by acidolysis of cycliZed triglycerides 
FIG. 1 (Known 7a). This species is then reacted with glycidyl 
methacrylate, in the same manner as Route 1, to attach vinyl 
functionality to the end of the cycliZed fatty acid (FIG. 9). 
Route 8 is just a combination of Routes 6 and 7, resulting in 
di-vinyl, cycliZed fatty acid monomers FIG. 10. 
[0080] The fatty acids employed to make the fatty acid 
monomers of the invention can be obtained from any suitable 
source of triglycerides. Suitable renewable plant sources of 
fatty acids include, but are not limited to, almond seed oil, 
arachis (groundnut) oil, canola oil, castor oil, catnip oil, 
cedarwood oil, citronella oil, coprah oil, corn oil, cottonseed 
oil, garlic oil, jojoba oil, linseed oil, neem oil, olive oil, palm 
oil, palm kernal oil, peanut oil, perilla oil, rapeseed oil, rice 
bran oil, safflower oil, sesame oil, soja oil, soybean oil, sun 
?ower oil, tall oil, tung oil, butter, lard, tallow, vernonia, 
yellow grease, camelina, carthame, grape seed, hazelnut, 
poppy seed oil, walnut oil, avocado pear, black-currant, bor 
age, cacao, evening primrose, kukui oil and wheat germ oil. 
[0081] Exemplary classes of fatty acids that may be 
employed to make the fatty acid monomers of the present 
invention include, but are not limited to, straight chain fatty 
acids, branched chain fatty acids, and ring containing fatty 
acids. Straight chain fatty acids include saturated fatty acids, 
monoenoic fatty acids, polyenoic fatty acids, acetylenic fatty 
acids, hydroxy fatty acids, dicarboxylic fatty acids, divinyl 
ether fatty acids, sulfur-containing fatty acids, fatty acid 
amides, methoxy fatty acids, keto fatty acids, and haloge 
nated fatty acids. Branched chain fatty acids include branched 
alkyl fatty acids, branched methoxy fatty acids and branched 
hydroxy fatty acids (mycolic acids). Ring-containing fatty 
acids include cyclopropane fatty acids, cyclopentenyl fatty 
acids, furanoid fatty acids, cyclohexyl fatty acids, phenylal 
kanoic fatty acids, epoxy fatty acids and lipoic fatty acids. 
[0082] Exemplary fatty acids that may be employed to 
make the fatty acid monomers of the present invention, 
include, but are not limited to, butyric acid, capric acid, 
caprylic acid, lauric acid, myristic acid, palmitic acid, stearic 
acid, oleic acid and linoleic acid. 
[0083] These fatty acid monomers were designed to replace 
some or all of the high VOC chemicals (e. g., styrene) that are 
typically employed in thermosetting liquid molding resins. 
Fatty acid monomers have low volatilities, low cost, low 
viscosities, and are reactive with other vinyl monomers. 
Therefore, these monomers are ideal as replacements for 
styrene in vinyl ester, unsaturated polyester, and other ther 
mosetting liquid molding resins. 

EXAMPLES 

EXAMPLES OF FATTY ACID MONOMER SYN 
THESIS 

Example 1 
[0084] The reaction between a stoichiometric amount of 
oleic acid (OA) and glycidyl methacrylate (GM) was cata 
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lyZed with 2 wt % AMC-2TM catalyst and run at room tem 
perature. The reaction went to ~90% completion after 3 days 
of reaction. 

Examples 2-4 

[0085] The reaction between a stoichiometric amount of 
oleic acid and glycidyl methacrylate was catalyZed with 0.5 
wt %, 1 wt %, and 2 wt %AMC-2TM catalyst and run at 70° C. 
The reaction went to completion in 1.5 hrs when 2 wt % 
catalyst was used. The reaction went to completion after 2.5 
hours when 1 wt % catalyst was used. When 0.5 wt % catalyst 
was used, the reaction took longer than 4 hours. 

Examples 5-7 

[0086] The effect of higher reaction temperatures on the 
reaction of oleic acid and glycidyl methacrylate was studied 
using 1 wt % AMC-2TM catalyst. Reaction temperatures of 
80° C., 90° C., and 100° C. were used. It was found that 
increasing temperature decreased the reaction time necessary 
to reach complete reaction of the epoxides. However, at 100° 
C., HPLC results show the formation of some higher molecu 
lar weight species. This indicates that undesirable epoxy 
homopolymeriZation (etheri?cation) occurred to some extent 
at 100° C. 

Example 8 

[0087] The SbPh3/PPh3 catalyst also effectively catalyZed 
the acid-epoxy reaction between fatty acids and glycidyl 
methacrylate. For the reaction of glycidyl methacrylate with 
oleic acid using 1 wt % of this catalyst mixture, the reaction 
went to completion after 5 hours of reaction at 70° C. 
[0088] In order to simultaneously minimiZe the catalyst 
concentration and reaction time, 0.5-2.0 wt % of a suitable 
catalyst such as AMC-2TM may be employed, whereas use of 
1 wt % AMC-2TM was found to be optimum for the reaction of 
glycidyl methacrylate and oleic acid. 
[0089] Reaction temperatures ranging from 60-90° C. were 
found to maximiZe the extent of reaction while minimizing 
the extent of side reactions. 

Examples 9-14 

[0090] Glycidyl methacrylate was reacted with stoichio 
metric amounts of lauric acid, stearic acid, oleic acid, linoleic 
acid, linolenic acid, and a mixture of the fatty acids of saf 
?ower oil using 1 wt % AMC-2TM at reaction temperatures 
ranging from 60-90° C. The conversion of the reactants to the 
desired product was nearly complete (>95%). HPLC results 
showed that substantially no higher molecular weight species 
were formed. In addition, 1 -NMR con?rmed the structure and 
functionality of these methacrylated fatty acids. This demon 
strates to a skilled person that any fatty acid can be success 
fully modi?ed in this manner to produce a fatty acid mono 
mer. 

Example 15 

[0091] Methacrylated lauric acid was prepared by reacting 
5897 g lauric acid with 4166 g glycidyl methacrylate in the 
presence of 5 1 gAMC-2 catalyst. The reaction was run in a 20 
L vessel while stirring vigorously with a mechanical stirrer. 
The reaction was run at 50° C. for 16 hrs. The product was a 
green liquid. Acid number titration showed that little unre 
acted fatty acids remained, as the acid number was less than 5. 
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FTIR results showed that the epoxy group of glycidyl meth 
acrylate at 910 cm-1 Was gone. NMR results proved that 
reaction occurred betWeen the fatty acid of oleic acid and the 
epoxy of glycidyl methacrylate. NMR shoWed than no 
epoxies remained, While 0.98 methacrylate groups Were 
present per fatty acid segment. The viscosity Was 48 cf’ at 30° 
C. using a Brook?eld viscometer. 

Example 16 

[0092] Methacrylated oleic acid Was prepared by reacting 
108.1 g oleic acid With 54.4 g glycidyl methacrylate in the 
presence of 1.6 gAMC-2 catalyst. The reaction Was run at 55° 
C. for 3.5 hrs and then for 2.5 hrs at 70° C. The product Was 
a green liquid. Acid number titration shoWed that little unre 
acted fatty acids remained, as the acid number Was less than 5. 
FTIR results shoWed that the epoxy group of glycidyl meth 
acrylate at 910 cm'1 Was gone. NMR results proved that 
reaction occurred betWeen the fatty acid of oleic acid and the 
epoxy of glycidyl methacrylate. NMR shoWed than no 
epoxies remained, While 0.98 methacrylate groups Were 
present per fatty acid segment. The viscosity Was 60 cf’ at 30° 
C. using a Brook?eld viscometer. 

Example 17 

[0093] Methacrylated butyric acid Was prepared by react 
ing 57.4 g butyric acid With 92.6 g glycidyl methacrylate in 
the presence of 1.5 g of AMC-2 catalyst. The reaction Was run 
at 90° C. for 3 hours. The product Was a green liquid. Acid 
number titration shoWed that little unreacted fatty acids 
remained, as the acid number Was less than 5. FTIR results 
shoWed that the epoxy group of glycidyl methacrylate at 910 
cm“1 Was gone. HPLC results shoWed that the complete con 
version of the methacrylated butyric acid. The viscosity of 
methacrylated butyric acid Was found to be 24 cps at 24° C. 
using a Brook?eld viscometer. 

Example 18 

[0094] 10 g methacrylated oleic acid Was placed in a 20 mL 
vial, With the lid screWed on tightly. The sample Was alloWed 
to sit for 2.5 years at room temperature in a dark cabinet. 
During this time, gelation did not occur. 

Example 19 

[0095] Methyl oleate in the amount of 63.1 g Was epoxi 
diZed in the presence of 64.35 g hydrogen peroxide (30% 
aqueous) and 20.7 g formic acid. The reaction Was alloWed to 
run for 16 hrs While mechanically mixing. The epoxidiZed oil 
Was ether extracted. The ether Was evaporated under vacuum 
at 40° C. NMR results shoW that the extent of epoxidation Was 
0.94 epoxies per fatty acid methyl ester. The product Was a 
White solid-liquid mixture. 

Example 20 

[0096] 62.43 g of the epoxidiZed methyl oleate in example 
19 Were reacted With 19.74 g acrylic acid at 85° C. for 6 hrs. 
AMC-2 catalyst and hydroquinone Were used in the amounts 
of 1.25 g and 0.199 g, respectively. The product Was ether 
extracted to remove hydroquinone and unreacted acrylic acid. 
The ether Was evaporated at 40° C. under vacuum. NMR 
results shoWed the extent of acrylation Was 0.90 based on the 
initial level of unsaturation (i.e., 0.9 acrylates per molecule). 
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The viscosity Was 56 cf’ at 30° C. using a Brook?eldviscom 
eter. The product Was a broWn-green liquid. 

Example 21 

[0097] 10 g of the product from example 17 Was epoxidiZed 
using 5.35 g hydrogen peroxide (30 Wt % aqueous) and 3.33 
g formic acid, along With 0.01 g hydroquinone to reduce the 
likelihood of polymerization. The reaction Was alloWed to run 
for 16 hours, at room temperature While mechanically mix 
ing. The epoxidiZed oil Was ether extracted. The ether Was 
evaporated under vacuum at 40° C. NMR results shoWed that 
the extent of epoxidation Was 0.8 epoxies per fatty acid. 9.0 g 
of epoxidiZed product Was reacted With 1.68 g acrylic acid, in 
the presence of 0.21 g AMC-2 and 35 mg hydroquinone. The 
product Was ether extracted, and the ether Was evaporated 
under vacuum at 40° C. The product contained 0.25 acrylates 
and 0.95 methacrylates per fatty acid. The resulting monomer 
Was a broWn-green liquid. 

Example 22 

[0098] Alcoholoysis of soybean oil Was run using allyl 
alcohol. 60.0 g of soybean oil Was reacted With 22.1 mL allyl 
alcohol plus 18.3 mL 0.5 N potassium hydroxide in allyl 
alcohol. The reaction Was run at 62° C. for 4 days. The 
products Were separated using an ether extraction. The ether 
Was evaporated at 40° C. under vacuum. NMR shoWed that 
the ?nal product had 0.82 allyl groups per fatty acid. The 
viscosity Was 10 cf’ at 30° C. using a Brook?eld viscometer. 
The ?nal monomer Was a yelloW loW viscosity liquid. 

Example 23 

[0099] 2.0 g linseed oil Were reacted With a mixture of 8.2 
g ethylene glycol and 2.0 g potassium hydroxide at 240° C. 
for 3 days. The ?nal product Was ether extracted and the ether 
Was evaporated under vacuum at 40° C. NMR shoWed that 
there Were 2.05 unsaturation sites per fatty acid and an extent 
of cycliZation of 4%. The product Was an orange-broWn liq 
uid. 
[0100] Novel fatty acid monomers in accordance With the 
present invention may be selected from those shoWn in FIGS. 
2-10, Wherein R, R2, and R4 are any fatty acid residue, spe 
ci?cally including any C2-C3O saturated alkyl residue, unsat 
urated alkyl residue; acetylenic alkyl residue, hydroxy alkyl 
residue, carboxylic acid alkyl residue, divinyl ether alkyl 
residue, sulfur-containing alkyl residue, amide alkyl residue, 
methoxy alkyl residue, keto alkyl residue, halogenated alkyl 
residue, branched methoxy alkyl residue, branched hydroxyl 
alkyl residue, epoxy alkyl residue, and fatty acyl-CoA alkyl 
residue, ring-containing alkyl residue, including cyclopro 
pane alkyl residues, cyclopentenyl alkyl residues, cyclohexyl 
alkyl residues, furanoid alkyl residues, phenylalkanoic alkyl 
residues, and lipoic alkyl residues. 
[0101] R1 is any fatty acid segment, speci?cally including 
any saturated alkylene segment, unsaturated alkylene seg 
ment; acetylenic alkylene segment, hydroxy alkylene seg 
ment, divinyl ether alkylene segment, sulfur-containing alky 
lene segment, amide alkylene segment, methoxy alkylene 
segment, keto alkylene segment, halogenated alkylene seg 
ment, branched methoxy alkylene segment, branched 
hydroxyl alkylene segment, epoxy alkylene segment, and 
fatty acyl-CoA alkylene segment, ring-containing alkylene 
segment, including cyclopropane alkylene segments, cyclo 
pentenyl alkylene segments, cyclohexyl alkylene segments, 






















