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CURABLE COMPOSITIONS

HELD

[0601] The present disclosure relates geperally to curable compositions.

BACKGROUND
{00021 Cursble compositions undergo a transformation called curing upon heating or exposure to @
variety of reagents, usually acids or bases. The result is a reaction product, which ordinarily s an
extremely hard solid. in some instancas, it may be desirable to imbue certain physical properties to the
reaction product to make it more atiractive for a variety of commercial applications,
jo003l Howsver, alterations 1o the compositions frequently result iv a loss of other desired properties,
such as the loss of adhasion, leaving the modified composiiion unable to fulfill its intended purpose.
{004} Until now, despite the desire to provide a Hexdble composition that can bond 1o olly metals in

both hot and cotd environments, the technology has not provided a suitable solution,

SUMMARY
10005] Accerding to the present disclosure, a curable composition comprises a diluent, an epoxy
functionalized resin derived from a nutsheli oil, an epoxy-rukber copolymer adduct and a curing agent.
[0008] According to the present disclosure, a method of imbuing improved flexibility to a curable
composition comprises the steps of providing 8 curable composition comprising: an epoxy-rubber
copolymer adduct, a curing agent, a hydrephobic fumed silica additive, and an adhesion prometer,
adding thereto an epoxy functionalized resin derived from a nutshell oil and optionally a liguid modified
hydrocarbon resin derived from a nutshell oil.
[G007] According to the present disclosure, a method for making a curable composition comprises the
steps of miking an epoxy-rubber copolymer adduct and a curing agent 1o abtain a mixture, and mixing
therewith an epoxy functionalized resin derived from a nuishell oif and optionally a liguid modified
hydrocarben rasin derived from a nutshell oil, theraby obtaining the curable composition,
(60081 According to the present disclosure, a method for improving ofly metal adhesion of a curable
composition comprises the staps of providing a curable compasition comprising an epoxy-rubbey

copolymer adduct, a curing agent, 3 hydrophobic fumed silica additive, and an adhesion promoter,
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atding thereto an epoxy functionalized resin derived from a nutshelt ofl, and optionally a fiquid modified
hydrocarbon resin derived from a nutshell ol
{0009] Other features and advantages of the present disclosure should become apparent in light of the

following description of nen-limiting embediments.

DETAILED DESCRIPTION
0010} According to the present disclosure, a curable compaosition comprises a diluent, an epoxy
functionalized resin derived from a nutshell oll, an epoxy-rubber copalymeradduct and a curing agent.
fooi1) The diluent or epoxy functionalized resin can be derived from a nutshefl oil functionalized with
at least ong 'epoxy group,
{00312} Examplesof such nutshel oils include almond oll, pine nut oll, walnut oil, Brazil nut oif, hazel nut
oil, pistachio oif, peanut oil, cashew nut o, coconut oil, chestnut off, sunflower sead oil, macadamia nut
oil, butternut ofl, English walnut ail, and combinations thereof.
[0013] Nuishell oils, such as cashew nuishall oil, modified 1o contain an epoxy functional group are
oftentimes referred to-as epoxidized nut shell resins. Epoxidized plant oils are also commercially
available and can be used. A few examples of the plant oils that can be epoxidized are palm oil,
rapeseed oil, sunflower ail, soybean oil, linseed ol and castor ail.
{0034} Epoxidized cashew nut shell resin can be @ monofunctional epoxy diluent, a difunctional epoxy
resin, or a muitifunctional epoxy resin.

fe0is] An example of a monofunciional reactive epoxy diluent includes:
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00181 The monofunctional and difunctional reactive epoxy resins and diluents are commercially
available from Cardolite Corporation, Monmouth Junciion, Ni. Any-of the monofunctional epoxy,
difunctional epoxy and multifunctional epexy, or a blend thereof may be useful herein.

[0018] Other examples of epoxy functionalized resing and diluants are liguid modified hydrocarhon
rasins. A liguid modified hydrocarbon resin derived from an epoxidized cashew nutshell oif can also be
referred 1o as an epoxidized cashew nut shell diluent.

{0020} Similar to the epoxidizad cashew nut shell resin, the epoxidized cashew nut shell diluent can be
a monofunctional epoxy resin, a difunctional epoxy resin, or a multifunctionatepoxy resin,

{8021] insome smbodiments, the amount of epoxy functionalized resin is graater than the amount of
diluent based on 100 percent by weightof the curable compaosition.

{0022] Insome embodiments, the amount of diluent Is within  range of approximately 30t0 70
percent of the amount of epoxy functionalized resi based on the welght of the curable composition, In
some embodiments, the amount of diluent is within a range of 55 to 65 percent of the amount of epoxy
functionalized rasin based on the weight of the curable composition.

[0023] Gtherepoxy rasins include epoxy resing derived from epoxidized dimer fatty acids, which may
also beincluded in the inventive curable composition.

(80247 Whan the epoxy functionalized resin derived from the autshell ofl ang the epoxy resin derived
from the epoxidized dimer fatty acids are present in the curable composition, they make up between
approxirmeately 80 10 approximately 80 percent by weight of the composition,

{0025} When hoth epoxy functionalized resins darived from nutshieli oil and epoxy resins derivad from

epoxidized dimer fatty acids are present in the curable composition, ratios in the range ot 0.5:1to 2:1

]
Y
(3
=]
*

enavy functionalizad resin devived from nutshell oll to epoxy resin derived from epoxidized dimer fatty
acids are present.

f0026] In some embodiments, the ratio is 0.5:1 1o 0.8:1 epoxy functionalized resin derived from nut
shell oif to epoxy resin derived from epoxidized dimer fatty acids.

i0G27] 1t may be desirable in some embodiments to react suitable polymers and copolymers with the
epoxy resin derived from epoxidized dimey fatty acids o form an epoxy-rubber copolymer adduct, and
then add that adduct into the curable composition,

{0028} Copolymers for use in this regard Include acrylonitrile butadiene

styrene {ABS), styrene/butadiene copolymer (SBR), nitrile rubiber, styrene-acryionitrile, styrene-
isoprene-styrene {518} and athylene-vinyl acetate. The copolymers may be constructad as a block

copolymer, a random copolymer, a graft copolymer or an alternating copelymer,
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100231 Nitrile rubber is also known as acrylonitrile-butadiene rubbear, Buna-N and Perbunan, or by the
trache names Nipol®, Krynac® and Europrene®, among other dasignations.

10030} Acrylonitrile-butadiene rubbers are copolymers of acrylonitrile and butadiene, which ordinarily
demaonstrate resistance to non-polar solvents, fats, oils and motor fuel, arong other desirable physicat

propeitiss,

fosoi]

0031] The percentages of the acrylonitrile and butadiene residues in the nitrile rubber may be varied,
For example, in ary embodiment, the ascrylonitrile-butadiene copelymer comprises 1 to 26 percent by
weight of acrylonitrite and 74 1o 99 percent by weight of butadiene.

{0032} Carboxylterminatad acrylonitrile-butadiene copolymers, such as those available under the
tragdename Hypro™ Reactive Liquid Polymers 1300X8 CTBN and 1300X8F CTBN, are liguid polymers
having a Brookfield viscosity in the range of 110,000 ~ 160,000 mPa.s orcP @ 27°C. Here, the
acrylonitrile percent by welght is between slightly greater than zero to about 25, such as about 15,510
about 19.5, and the butadiens percent by weaight is between slightly less than 100 to about 75, such as
about 80.5 to about 84.5.

{00331 The reactivity of these carboxy! terminated serylonitrile-butadiene copolymers is atiributable to
the functionality at the chain ends. The acrylonitrile content affects the viscosity and glass transition
temperature of the copolymer.

{0034} Other liguid polymers for use in the curable composition are also contemplated, such as the

fiquid polymers fistad in the table below:

i
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[0035] These materials dre commercially available from CVC Thermoset Specialties, Moorestown, NJ.
{3036] i some enthodiments, the carboxyl terminated acrylonitrile-butadiene copolymaers are epoxy
functionalized, oftentimes through a "prareact” method, The epoxy functionalizatinn permits the
copolymer to provide further or improved toughening to the compositions to which the copolymers are
added.

[8037] The 'prerear..t mathod includes the steps of providing a carboxyl-terminated acrylonitrile-
butadiene copolymer, a liquid epoxy resin {such as DER 331), and 3 triphenyiphosphine {TPP) catalyst;
providing a kettle; adding the liquid epoxy resin {DER 331) into the kettle; adding the carboxyl-
terminated acrylonitrile-butadiene copolymer into the kettle; purging kettle containing the carboxyl-
terminated acrylonitrile-butadiene copolymer and liquid epoxy resin {DER 331} with N; gas; heating the
kettle to at least 807C while stirring the carboxyi-terminated acrylonitrile-butadiene copelymer and
liquid epoxy resiv {DER 331); and adding the triphenyiphosphine {TPP} catalyst and continuing stirring.

A liquid polymer, such as Hypro™ Reactive Uguid Polymer 1300X8 CTBN, may thus be reacted with
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epoxy resin to form an adduct. The so-formed adduct may be diluted with epoxy to produce a storage-
stable epoxy composition containing the desired epoxy/adduct ratio.

{0038] Atypicel preveact preparation generally employs 8-10 eguivalents of epoxy per aquivalent of
Hypro™ Reactive Liquid Polymer 1300X8 CTBN along with a catalyst. Under these conditions the
Hypro™ Reactive Liguid Polymer 1300X8 CTBN and catalyst react to produce a carboxylate salt whase
subsequent reaction with an epoxy group is guite rapid. In some embodiments, the Hypro™ Reactive
Liguid Polvimer 1300X8 CTBN Is convertad to ils epoxy-capped Torm, resulting in a presreact with
substantial epoxide activity:

{0038 b some embodiments, the amount of epoxy-rubber copolymer adduct is greater than the
combpined amount of the epoxidized cashew nut shell diluant and the epoxidized cashew nutshell resin
based o tha waight of the curable composiiion. I some embodiments, the amount epoxy-rubber
copolymer adduct is in the range of 50 to 80 percent by weight of the curable composition,

{0040} One or more classes of curing agents for the curablecomposition can be selected from
conventional and/or coramercially available curing agents, including amines {alighatic aminas {g.g,,
tertiary arnines), Jeffamines, cycloalipatic amines, aromatic amines, polyamides, amidoamines, aming
adducts, Mannich bases), polymercaptans, latent curing agents {dicyandiamide, imidazoles, substituted
ureasy, anhydrides, and organic acids.

[0043] Various curatives, rheology modifiers and other compatible additives can be provided within tha
curable composition.

{0042} Some additives include a hydrophobic fumed silica additive, an adhesion gromoeter, and a non-
ionic silane dispersing agent.

{0043} In same embodiments, the amount of hydrophobic fumed silica is in the range of 0 1o 10
percent by weight of the curable composition. I some embodiments, the amount of hydrophobic
fumed silicais in the rangs of 1 t0'S percant by weight of the curalle composition. Insome
embodiments the amount of hydrophobic fumed silica is 5 percent by weight of the curable
composition.

[6044] In some embodiments, the amount of adhesion promgter; for example gamma-
glycidoxypropyitrimethoxysilane, is. in the range of § to 10 percent by weight of the curable composition.
in some embodiments, the amount of adhesion promoter is.in the range of 0.1 to 1 percent by weight of
the curable composition. i soma ambodiments the amount of adhesion promoter is 0.5 percant by

weight of the curable cormposition.
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{0045} in some embodiments the amount of non-fonic silane dispersing agent, for example carbon
black, iIs in the rangs of 0 to 10 percent by welght of the curable composition. In some embodiments,
the amount of non-jonic sifane dispersing agent is in the range of 0.1 to 1 percent by weight of the
curable composition. In some embodiments the amount of non-ionic sitane dispersing agent is 0.5
percent by weight of the curable conyposition.

[ond6] I an embodiment, the curable compasition is a heat curable compasition.

{80471 in an embodiment, the curable composition is an adhesive compesition.

[0048] inan embodiment, the curable compaosition is a sealant composition.

[0043] in an embodiment, the curable composition is a curable composition comprising, 14 percent by
weight of epoxidized cashew nut shell diluent, 23 percent by weight of epoxidized cashaw nut shell
resin, 55 percent by weight of acrylonitrile-butadiene copolymer-epoxy adduct, 3 percent by weight of
hydraphobic fumed silica, 0.5 percent by weight of gamma-glycidoxypropyitrimethoxysitane, 0.5 percent
by weight of silane dispersing agent, and 4 percent by weight of adipic acid dihydrazide, and exhibiis the
physical properties of a flexibie seglant that can bond g ofly metals and provide high temperatire
resistance.

{0050} 1n an embodiment, the curable composition is a curable comgposition comprising, 16 percent by
welght of epoxidized cashew nut shell diluent, 25 percent by weight of epexidizad cashew nut shell
resin, 50 percent by weight of acrylonitrile-butadiene copolymer-apoxy adduct, 3 percent by weight of
hydrophobic fumed silica, 0.5 parcent by weight of gamma-giycidoxypropyltrimethoxysilang, 0.5 percent
by weight of silane disparsing agent, and 5 percent by weight of adipic acid dihydrazide, and axhibits the
physical properties of a flexible sealant that can bond to olly metals and provide high temperature
resistancea.

[oU51] In an embodiment, the curable compaosition is @ curable composition comprising, 16 percent by
weight of epoxidized cashew nut shell diluent, 26 percent by weight of epoxidized cashew nut shell
resin, 47 percent by weight acrylonitrile-butadiene copolymer-epoxy adduct, 5 percent by weight of
hydrophobic fumed silica, 1 percent by weight of gamma-glycidoxypropyltrimethoxysilane, and 5
percent by weight of adipic acid dihydrazide, and exhibits the physical properties of a fHlexible saalant

that can bond 1o oily metals and provide high temperature resistance.



WO 2018/217996

Dl RV L s e o)

EXAMPLES

PCT/US2018/034350

{00527 The below examples are presented to provide more detall of objects, features and advantages

of the present disclosure, but are not intended to be limiting. In addition, units such as par(s) and

percentage, representing guantities, are on a weight basis in the exaroples, unless athenwise specified.

{00537 Curable compositions were prepared by uniformiy mixing the constituents according to the

ratios shown in Table 1, and denoted with Sample Nos. as showr,

Table 1
Sample NofAmount {widh)
Constituents
i 2 3 4 5 &
Epoxy-rubber copolymer adduct 33 4% 46 47 50 55
Epoxidized cashew nut shell epoxy
) ‘ 21 18 18 18 16 14

difuent
Epoxidized cashew nut shell epoxy

i 36 32 27 25 25 232
resir
Adipic dihydrazide Baiance | Balance | Balance | Balance | Balance | Balance
Hydrophobic fumed silica 3 3 3 5 3 3
Gamma- .

. o . 0.5 .5 6.5 1 0.5 8.5
ghycidoxypropyitrimathoxysilane
Nonionic silane dispersing agent Q.5 0.5 0.5 0] 0.5 0.5

10054} The samples shown in Table 1 were each prepared in the same manner e

of the constityants were changed.

xeept that the amount

[0055] The weight ratio of cashew nut shell of] epoxy to epoxy-rubber copolymer adduct in Examples 1-

6 of Table 1 ars displayed in Table 2.

[t
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Tablz 2
Sample No./Amount {wid%)

Constitusnts
i 2 3 4 5 &
Epoxy-rubber copolymer sdduct 33 41 46 47 50 55

Combined Epoxidized cashew nut shell _
) ) 57 50 45 42 41 37
diluent and resin
Weight Ratio of Cashew Net Sheli Ol ) .
, 1.7 1.2 18 4.9 0.8 0.7
Epoxy to Epoexy-Rubber Copelymer Adduct

[0056] Each of the samples in Table 1 was evaluated by the knife test/peal test and high temperature
resistance test. The tests are the same as discussed above. Additionally, the samples refarred to as PV
1297 and AL-6302 R were also svaluated by the three tests, the results of'which are shown in Table 3.
The sample referred to as PV 1297 is an expandable, weld through semi-structural, wash-off resistant
sealer kriown as Teroson® PV 1297 and Terostat® 1287, The sample referred toas AL G302 R is a
pumpable heat curing polyvinyl chloride {PYC)—polyarrylate plastisol based high temparature sealant
known as Teroson® AL 6302 R and Terosol® 6302R, '

{8057 The knife test/peel tast covers the determination of comparative adhesion of flexible adhesives
and sealants to rigid and semi-rigid substrates. The knife test/peel tast Involves dispansing a bead of the
curable compaesition on an oily rolled steelsurface, curing the bead to form a curad composition, cooling
the cyred compositicnto room temperature, scraping the cured compasition from the olly rofled steel,
and determining that the cured composition has adherad to the olly rolled stael,

[60%8] More particularly, the bead of the curable composition was dispensed such that the final baad
dimensions were 8 £ 1 mm base and 5 4 1 mm in height. A minimum length of 50mm is usuaily
reguired per fest.

[0058] After curing and cooling, the scraping step was performed by cutting 3 leading edge of the bead
1o form a foose tah with a length of approximately 25 £ 5 mm to be secured in g gripping tool, such as a
vice grip. The loose tab was then gripped by the gripping tool so that the bead is pulled back on itself.
While pulling, at every 6 1+ 2 mm of the bead, a8 45° angle relfative 1o the oily rolled steel test panel was
cut with a knife. An estimation of the amount of cohesion fallura was reported as a percentage. In

general, cohesion fallure was categorized into four groups

10
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{one] Cohesion Rating Scale:

1. >485%
2. 7I5t095%
3. 25i075%

4, <25%
100811 The composition was deemed to pass the knife test/peel test if the cohesion fallure was
large, L.e., the cohesion fallure was 75% or more and fell into one of the first two groups above.
{0082} in other words, evidence of adherence 1o the oily cold rolled steel was deemed to pass
the knife testfpeel test, while evidence of cohesion was deemed a fall the knife test/peel test.
[0083] The mandrel bend test is set forth as SAE 1243 ADS-2 Method B. Thistest was used to
determine the adhesion properties of sealant compositions when bent around a mandrel, The
mandrei bead test involves dispensing a bead of the curable composition on an oily rolled steel surface,
© curing the composition under elevated temperature conditions, cooling the cuyred composition to room
temperature and then to -40°C for 30 minutes, cooling a 1 to 100 mn diameter mandrel to -40°C for 30
minutes, wrapping the cured composition around the mandrel, and examining the cured compasition
for-cracks and loss.of adhasion.
(8064} Optionally, the curable composition can be applied to an aluminum Toil; cured by air drving, or
baking for a specified time at a spacified temperature, and then cooled afier curing. Next, the aluminum
foil with the cured bead is wrapped around the mandrel and examined for cracks and loss of adhesion.
The wrapping step, miay have the aluminum foll is contact the mandrel or the cured bead contact the
mandrel.
(8065} Examples of sultable tmes and temperaturas for curing the composition include a temperature
betweean about 130°C and about 180°C, for 30 minutes,
(8068} The curable composition was deemed 10 pass the mandrel bend test if it did not exhibit cracks
or loss of adhesion afier wrapping arocund the mandrel,
{0067} The high temperature resistance test involves dispensing a bead of the curable compasitionon a
otly rolled steel surface, curing the bead to a3 cured composition, placing the cuved compositlon in an
oven set at 200°C for at least 1 hour, and examining the cured compaosition for cracks, swelling,
shrinking, bubbling or decomposition. The composition was deemed 1o pass the high temperature

resistance test if it did not exhibit cracks, swelling, shrinking, bubbling or decomposition,

11
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(0068} From thase tests, itwas found that Example No. 4, which uses epoxitlized cashew nul shell
dituent and resin with a combination of acrylonitrile-butadiens copolymar-epoxy adduct, provides

excellant oily metal adhesion, flexibility and high temperature resistance.

Accordingly, further tests, described below, were performed varying the weight percentages of the

curable camposition components,

Table 2
Sample Ne.
Physical Properties By AL
i 2 3 4 5 & ;
1297 6302 R
Knife Pass /
= D oc 5 - e ey ;
Tast/Pesl el Pass Pass Pass Pass Pass Pass Pass Fail
Test {Qily
mild steels)
Pass / Fail Fail Eait Pass Pass Pass Fail Pass
Fail
Mandrel Large
Bend cracks
2 large
at >2 e
WA £racks,
@-40°C locatio = 2Small | No No No 1Llarge | Small
Cracks segme
s, nts cracks | cracks | cracks | cracks | evaek cracks
segme
E hent
nts
hent
High Temperature
Resistance @ 200°C, | Pass Pass Pass Pass Pass Pass Fail Pass
1hr

[0068} Referring to Tables 2 and 3, itynay be readily seen that Sample Nos. 4-6 (having ratios between

0.7 and 0.9 of combined epoxidized cashew nut shell dituent and rasin to hutadiene-acrylonitriie

12
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copolymer-epoxy adduct), rasulted In excellent olly meatal adhesion, flexdbility and high Yfemperature
resistance. By comparison, the hwo commercial seam sealants {i.e. Teroson® BV 1287, a polyvinyd
chioride based seam sealant, and Taroson® AL 6302 R, a PVT/polyacrylate plastisnl based seam sealant)
did not show passable results for oily matal adhesion, flexibility and high temperatisre resistance.

18070} In some embodiments, the inventive method includes sealing 3 seam on bare, oily metal prior to
metal pretreatment, A deaning process, such as metal pretreatinent, is ordinarily pevformed priorto a
metal coating processes, such as powder coating or e-coating.

fQaFil in operation, the curable composition is used on metal seams between welded orbondad joints,
overiap joinis, buit joints, and other visible seams which may benafit from sealing. The seams can
include rounded or square seams from thin metal sheets or tubes, The curable composition can be
appliad directly to bare oily, primed or e-coated metal prior to receiving a curahis top- or pver-coat or
powder paint, which may be cured or fixed thereto by axposure to elevated temperature conditions.
[0072] While the principles ef the invention have bean desoribed herein, it is to be understood by thoss
skilled in the art that this description {s made only by way of example and not as 3 limitation as to the
scope of the invention. Gther erabodiments are contemplated within the scope of the present invention
in addition to the exemplary embodiments shown and described herein, Modifications and
substitutions by one of ardinary skill in the aft are considered to ba within the scope of the present

inverntion.
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What is claimed is;

1. Acurable composition, said composition comprising:
a dituent;
an epoxy functionalized vesin derived from a nutshell ofl;
an epoxy-rubber copolymer adduct; and

a curing agent,

2. The curable compeosition according to claim 1, whereln the epoxy functionalized resin is derived from
a nutshell ol selected from the group consisting of almeond off, pine nut oil, walnut oll, Brazil nut oil,
hazel nut ofl, pistachio oil, peanut oll, cashew nut oil, coconut oil, chestnut oil, sunflower seed oll,
reacadamia nut oil, buttarnut off, English walnut off, and combinsgtions theraof, functionalized with at

least onie epoxy group.

3, The curable comgosition according to claim 1, wherein the gpoxy functionalized vesin is epoxidized

cashew nut shel resin.

4. The curable composition according to claim 3, whergin an epoxidized cashaw nut shell resin
comprises:
a:monofunctional epoxy resin,

a difunctional epoxy resin,

14
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5. The curable composition according to claim 4, wherein the monafunctional epoxy resin is
represented by the formula:

[Chamical Farmula 1}

A3
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6. The curable compasition accosding to daim 4, wherein the difunctional epoxy resin s represented by
the formula:

{Chenical Formuia 2]
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7. The curable composition according to claim 4, wherein the multifunctional epoxy resin is represented

by the formeia:
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8. The curable composition according to claim 1, wherein the percentage by weight of epoxy

functionalized resin is:greater than the percent by weight of diluent.

9. The curable composition according to claim 1, wherein the diluent is within a range of 10 to 20

percent by weight of the curable compaosition.

10. The rurable composition according to claim 1, wharein the diluent is a Hquid modified hydrocarbon
tesin derived from a nutsheil ol and the nutshell oll is selected from the groun consisting of aimond off,
pine nut ofl, walnut ofl, Brazil nut oi, hazel nut oll, pistachio oil, peanut oif, cashew nut oil, coconut oil,
chestnut oil, sunflower seed oil, macadamia nut oll, butternut oll, English walnut oll, and combinations

thereof, functionalized with at least one epoxy group.

11. The curable composition according to claim 1, wherein the diluent is liguid epoxidized cashew nut

shall difuent.

12. The curable composition according to claim 1, whersin the epoxy-rubber copolymer adduct s an

acrylonitrile-butadiene copolymer-spoxy adduct.

13. The curable composition according to claim 12, whereln the acrylonitrile-butadiene copolymer-
epoxy adduct comprises 1 to 26 percent by weight acrylonitrile and 74 to 99 percent by weight of

butadiene,

14, The curable composition according to claim 1, wherein the ratio of the epoxy functionalized resin

derived front the nutshell oif 1o the epoxy-rubber copolymer adduct is in the range of 0.5:1 1o 0.9:1.

i6
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15, The curable composition according to clatm 1, further comprising:
0 1e 5 percant by weight of a hydrophobic fumed silics additive;
0.1 to 2 percent by weight.of an adhesion promatar; and

0.1 %o 2 percent by waight of & non-lonic silane dispersing agent.

16, The curable composition according to ¢laim 1, wherein the curing agent is selecied from the groug
consisting of a hydrazide, an alipathic amine, a Jeffaming, a cycloaliphatic amine, an aramatic amine, a
polvamide, an amidoamine, a secondary amine, Mannich bases, a polymercaptan, an anhydride, a latent
curing agent, a dicyandiamide, a tertiary amine, an imidazole, a substituted urea, an organic acid, a light

curing agent ora UV curing agent.

17. The-curable composition aczording to claim 1, whereln the curing agent Is adipic acid dihyrazide.

18. The curable composition according to claim 1, further comprising at least one of;
a hydrophobic fumed silica additive;

an adhesion promoter.

19. The curable composition according to cleim 18, wherein the adhesion promoter is gamma-

glycidoxypropyltrimethoxysilane.

20. The curable composition according to claim &, further comprising 8 non-ionic silane dispersing
3 B & { (

agent.

21. The curable compasition of claim 1, wherein the curable composition passes a knife test/peel test
defined as;

dispensing a bead of the curable composition on an oily rolled steel surface,

curing the bead to form a cured composition;

cooling the cured composition 1o room tempearature,

scraping the cured composition from the oily rolled steel, and

determining that the cured composition has adhered to the oily rolled steel.
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22. The curable conmiposition of claim 1, wherein the curable composition passes a mandrel bend test
defined as:

dispensing a bead of the curable composition on a oily rolled steel surface,

curing the bead to created a cured composition,

cooling the cured compasition 1o room teraperature,

cooling the cured curable composition to -40°C for 30 minutes,

cooling & 1 to 100 mm diameter mandral to -40°C for 30 minutes,

wrapping the cured composition around the mandrel, and

examining the cured compaosition for cracks and loss of adhesion.

23. The curable composition of claim 1, whergin the curable composition passes a high temperature
resistance test defined as:

dispensing a bead of the curable composition on an oily rolled steel surface,

curing the bead to created a cured composition,

placing the cured composition in an oven st at 200°C for at teast 1 howr, and

examining the cured composition for cracks, swelling, shrinking, bubbling or decomposition.

24. The curable composition of claim 1, wherein the curable compaosition passes:
a knife test/peel test for measuring adherence to oily mild steel,
a mandrel bend test, wrapping sround the mandrel without breaking at -40°C, and

a high tamperature resistance test at 200°C for at least 1 hour.

25. A curable compaosition comprising:
1010 17 percent by weight of epoxidized cashew nut shell diluent;
20 o 26 percent by weight of epoxidized cashew nut shell resin;
47 1o 60 percent by weight of acrylonitrile-butadiene copolymer-epoxy adduct;
3 10 5 percent by weight of hydrophobic fumed silica;
0.1 to 1 percent by weight of garnma-glycidoxypropylirirnethoxysitane; and

suitabie amounts of adipic acid dihydrazide to bring the curable compuosition to balanee.

26. The curable composition aceording to claim 25, firther comprising a non-ionic sitane dispersing

agent in the range of 0.1 to 1 percent by weight of the curable composition.

18
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7. Amethod efimbuing improved flexibility to a curable composition comprising the steps of:
providing a curable composition comprising:
an acrylonitrile-butadiens copolymer-epoxy adduct;
a curing agent;
a hydrophobic fumed silica additive; and
an adhesion promotsy;
adding an epoxy functionalized resin derived fromy a nutshell oil, and

adding a liguid modified fiydrocarbon resin dertved from a nutsheli il

28. The method aucording to claltn 27, further comprising the stap of sealing a seam with the curable

compasition.

29. The method according to claim 27, further comprising the step of coating an outside cireumferance
of a first tube with the curable composition for bonding the oulside circumference of the first tube with

an inside circumferanca of a second tube.

30. The method according to claim 27, further comprising the step of sealing ane-coated metal seam

with the curable composition.

31. The method according to claim 27, furthercomprising the step of sealing a primed metal joint with

the curable compuosition.

32. The method according to claim 29, further comprising the stegs of:
applying the curable composition to a bare eily metal;
pretreating the curable composition and bare ofly metal;
applying a fayer of heat cure top-coat or powder paint to the pretreated curable composition

and bare oily metal.

33, Amethod for making a curable composition comprising the steps oft
mixing an acrylonitrife-butadiens copolymer-epoxy adduct and 3 curing agent 1o obiain a

mixture; and

Jt
0
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mixing into the mixture an epoxy functionalized resin derived from a nutshelt ail, thereby

obtaining the curable composition.

34. The method according 1o claim 33, wherain a dilvent derivad from a nutshell gil is added during at

least one of the mixing steps.

35, The method according to claim 33, further comprising the step of mixing into the mixture 3 diluent

derived from a nutsheil oil.

36. A methed for improving oily metal adhesion of a curable composition comprising the steps oft
providing a curable composition comprising:
an acrylonitrile-butadiens copolymer-epoxy adduct;
a curing agent;
a2 hydrophobic fumed silica additive;
an adhesion prometert; and
a non-ionic stlane dispersing agent,
agdding an epoxy functionalized resin derived from g nutshel oil, and

adding a liquid modified hydrocarbon resin derived from a nutshell oil.
37. The composition of Claim 1, wherein the epmwy-rubbercopolymer adduct is an acrylonitriles
butadiens copolymer-spoxy adduct present inan amount of at feast about 47 percent by of the tolal

composition.

38, The composition of Claim 1, wherein in the weight ratio-of Cashew Net Shell O Epoxy 10 Eposy-

Rubber Copolymer &dduct s no greater than about 0.9.
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