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of a peroxide ESCRIPTION IQIHRELAEBEDART bl e resi ns
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exanmpl'e, N, N-di nethyl ani | (DWVA) , Ndi et hyl ani | i ne

formqtmgm)f a bbq-pmpcb}cg d@zngﬂs}ag p@w}&ltehgﬂop rﬂth@n typadi af@olymer resins are also
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00043& Tertiary al kyl am nes are used in a variety of
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for url% &S de&iad i0Be Ye%éxﬁ:’é%f PEI%%MS HiffalBfl H:&! %9%@51}\{ amines useful
Iclent pro tersf peroxi de-1nitiated curing

as cumdneoﬂsrs in such systems include, for example, N,N-dimethylaniline (DMA), N,N-
diethylaniline (DEA), N,N-bis-(2-hydroxyethyl)-m-toluidine, N,N-bis-(2-hydroxyethyl)-p-
toluidine (HEPT), N,N-dimethyl-p-toluidine (DMPT), and N-methyl-N-(2-hydroxyethyl)-p-
toluidine (MHPT).

[0004] Tertiary alkyl amines are used in a variety of applications including as
catalyst in certain polymerization systems, they are not regarded as sufficient promoters for

peroxide-initiated curing systems.

DETAILED DESCRIPTION OF THE INVENTION

[0005] As stated above, the present invention relates generally to amine promoter
blends for curing unsaturated polymer resins with a peroxide initiator and methods of using
the same. More specifically, it relates to blends of tertiary aromatic amines and tertiary alkyl

amines used as promoters to accelerate polymerization of peroxide-initiated curing systems.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0005] As stated
above, the present invention relates generally to
wa@pdoneipronot er bl ends for curing unsaturated PoOl/ysm®n6/038053
resins with a peroxide initiator and nethods of using
the sane. More specifically, it relates to bl ends of
Tertiapy Aramaticadningsi ¢ ami nes and tertiary al kyl ami nes
used as pronoters to accel erate pol ynerization of
peroxide-initiated curing systenms. Tertiary Aromatic
ANjo0es] TLRAG]arckRitld MiieAthiBE kiitaBIY fof8seliRdhe FreSent invention have
sul table for use in the present invention have the
the follgwingwimytweriesmatad: Fornula | wherein: Rl is a
linear or branched G to C6 alkyl or C3 to C6
cycloalkyl; Ris a linear or branched C1 to C6 al kyl,
C3 to C6 cycl oal kyl, or_has t/hle/ditructure of Formul a
I

I1: wherein, R7 is hydr% ¢fiear or branched Cl to
C6 al kyl or C3 to C cycloalRyl, wherein said Cl1L to C6
al kyl or C3 to C6 cycloal kyl{ is optionally substituted

at the C1L or C3 position, r spectivgl y, by X as
defi ned bel ow, R and®Rg £ ifidépendent | y
sel ected fromthe group [consisting of hydrogen, |inear

or branched Cl1 to C6 al Kyl ,
and X is OH OR1, CN, (CH2) MO nH or O[ (CH
2)nD ] nR1, wherein g &~and n to 6, and wherein
R is as defined abovVe, and R2, R3, 'E%ﬂ, R5, and R6 are
each i ndependently selected|fromthe group consisting
of hydrogen, linear or branghed G to C6 alkyl, C to
C6 cycloalkyl, and G to C6 al koxy.[0007] Exenpl ary

wherdigf tiary aromatic am nes having the structure Fornul a

I nclude, but are not |imted to, DVA DEA, HEPT,
R, is BiRFr ovbiRfchealn@) toiGstalicyd or 6f td Gpcwiloattole of t he
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1I: have the followi ng structure, Fornula I11I:

and||{C3 to C6 cycl oal kyl,

Ry Rg

CH———C——X

/

Rg

wherein, Ry is hydrogen, linear or branched C; to Cs alkyl or C; to Cg cycloalkyl, wherein
said C; to Cs alkyl or Cs to Cq cycloalkyl is optionally substituted at the C; or Cs position,
respectively, by X as defined below, Rg and Ry are each independently selected from the
group consisting of hydrogen, linear or branched C; to Cg alkyl, and Cs to Cs cycloalkyl, and
Xis OH, OR;y, CN, OC(O)R;, O[(CH2)nOJnH or O[(CH)O]:R;, wherein m=1 to 6 and n=1
to 6, and wherein R; is as defined above, and

R, R3, Ry, R5, and R are each independently selected from the group consisting of hydrogen,
linear or branched C; to Cs alkyl, C; to Cg cycloalkyl, and C; to Cg alkoxy.



wherein R, R2, R3, R4, R5, R6, R7, R, RO and X are
defi ned as above. [0009] As used herein, the term"Cl
wo 0zd1arkyl " refers to Cto C6 |inear or branktEtS2006/038053
al kyl, such as nethyl, ethyl, propyl, butyl,
i sopropyl, sec-butyl, and tert-butyl, butyl, pentyl,
I s cpmmq )Exem@ﬁa@ly teetiary arofatic faﬁﬁﬂiﬁs "Heding Ghefiructned Barnkith Y include,
used hereln refers to to C6_cyclic al kyl, such
but agSthWém@'gf p@ %MMDME% eﬂta? ml)étH{fs of two or more of
exyl . The term"Cl to C6 al koxy" as used herein
thef&ﬁé &gg to Cl to Clinear or branched
ox[,(lgé&]— Bughsted tteitioy aadnhgtlc, amsinethasarestibubicyfor etchinxlye present

| oxy, ropyl oxy, and t-butyl oxy.
mve"ﬁﬁ’@% ;%r éﬁ‘b‘?’ EéW‘eHrec SEFBB%%H% of Fornula (111) have

the follow ng substituents: RL is nmethyl or ethyl; R7
i s hydrogen or hydroxynet hyl ; RRB ok RO are each

i ndependent |y sel ect ed from thé grqdp consisting of
hydr ogen, met hyl and ethyl; ?%, R3,| R4, R5, and R6 are
each independently selected f QHLL. RUpP consi sting
of hydrogen and net hig ET or J (CH2) nQ nH,
wherein m 2 and n=l \\EN [0011] enplary tertiary
aromati c am nes of Fornula H incl fde, but are not
limted to, N nethyl- A-hydrox¥ethyl)- r-toluidine
(MHPT); N-ethyl - 2% 13 - pt ol ui di ne ( EHPT);
N- et hyl - N- (2- hydr ox tol ui di ne (2HPM); and
m xtures thereof. kyl Am nes [0012] ‘
Tertiary al kyl am neg_suitablje for use in the present

i nvention include, but otN\limted to, tertiary
am nes of the foReula R3), whereRm R is independently
sel ected fromthe group gonsisting OC 1 to C32 al ky
groups. Exenplary tertiagy allcyl am nes include, but
are not linted to, N,N-af'kyl dinethyl anines, wherein
the al kyl group conprises 2 to 32

wherein Ry, Ry R3 R4 Rs, Rg, Ry, Rs, Ry and X are defined as above.
[0009] As used herein, the term "C; to C¢ alkyl" refers to C; to Cg linear or branched

alkyl, such as methyl, ethyl, propyl, butyl, isopropyl, sec-butyl, and tert-butyl, butyl, pentyl,
isopentyl, and hexyl. The term "C; to Cg cycloalkyl" as used herein refers to Cs to Cs cyclic
alkyl, such as cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. The term "C; to Cg
alkoxy" as used herein refers to C; to Cg linear or branched oxygen-substituted alkyl, such as
methoxy, ethoxy, propyloxy, butyloxy, isopropyloxy, and t-butyloxy.

[0010] More preferred compounds of Formula (1II) have the following substituents:
R; is methyl or ethyl;
R7 is hydrogen or hydroxymethyl;
Rs or Ry are each independently selected from the group consisting of hydrogen, methyl and
ethyl;
R2,R3, R4, R5, and R6 are each independently selected from the group consisting of
hydrogen and methyl, and
X is OH or O[(CH2)mO]JnH, wherein m=2 and n=1 to 6.

[0011]}Exemplary tertiary aromatic amines of Formula III include, but are not limited
to, N-methyl-N-(2-hydroxyethyl)-p-toluidine (MHPT); N-ethyl-N-(2-hydroxyethyl)-p-
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carbon atons, such as, for exanple, N, N-dinethyl octyl

am ne (ADMA-8), N, N-dinethyl decyl am ne (ADVA-10),
woRddinret hyl dodecyl am ne (ADVA- 12), N, N- di P&L/lig1006/038053

tetradecyl am ne (ADVA-14), N, N-di nmethyl hexadecyl

am ne (ADVA-16), N, N-di nethyl octadecyl am ne (ADVA-

toluilidje, (EBIRT); N-theth @N-{(2vaydrok yprapgl)-piHelukdihe (PEIFN TR ihd esxtures
wherein the al kyl groups conprise 2 to 32 carbon
theregt-ons, such as, for exanple, dioctyl methyl ar nine,

Tem%ﬁ‘!? ¥j @MI am ne, di dodecyl net hyl am ne,
nmet hyI am ne, di hexadecyl nmet hyl am ne, and
h 0013 f terti .
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dldectyﬁn&i?ﬁﬁﬁnr% BﬁBQ@dﬁmgﬂyl‘éﬁhﬁhHltetﬁiﬁgcyhﬁlgﬁ%ﬂmﬂ—@e anmount

tertiary alk amne I n the blend of the two anines
dlhemdwyhactgwlaﬁmmmmbmtu@sﬂmretorﬁ about 99.9 percent by

\Sﬁbﬁﬁ 'ﬁ'&sozﬂlcf'l ngglgé{g’eag(\é\lga 1?}]%3 %)tf x&{a?y? dlwll_bme can be used in
quanfidsRtwdRaraBbit I pne€shd sboass percedbriRdibiigprefdratily @ngdantities

maxi m zi ng anmount " whi ch may depend upon the am nes

betwega) Jpgui Oedt Prig ﬁmh@bauﬁ?- pérct:mtévymlghn antbiporsiprefieabby batgeen about

100 v@%e&x %{)&fﬁ%h@é 5 ?twgﬁt Pﬁg?& Bn R!\ie ﬁi}g mp-[m?%ﬁ'rtated resin. It
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example, when discussing concentration between about 10 wt ppm and about 5 percent by
weight, ranges can include concentrations in the range of from about 10 wt ppm to about 2
percent by weight, in the range from about 100 wt ppm to about 2 percent by weight, etc.

[0014] The amount of tertiary alkyl amine in the blend of the two amines can range
from about 0.01 to about 99.9 percent by weight based upon the weight of the blend.
However, utilizing an appropriate amount of tertiary alkyl amine (herein referred to as an
“promoting efficiency maximizing amount”), which may depend upon the amines being used,
can maximize the efficiency of the blend as a promoter. For example, when using MHPT and
ADMA-16, the amount of tertiary alkyl amine that maximizes efficiency of the blend ranges
from about 85 to about 40 percent by weight, preferably between about 85 to about 60
percent by weight.



percent by weight. Preparation of Tertiary Aromatic
Am nes [0015] The tertiary aronmatic am nes suitable
woé on7ase7i n the invention can be prepared usi NBCT/US2006/038053
techni ques as known in the art, for exanple,
al kyl ation of an appropriate N alkyl-ptoluidine to
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e e
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or use In the invention can be prepared usj
tertintsoutmiugsnas SR HA-RA BMA 1D fDBIATIR SDMirlde ADMA-16,

oS RPN S 408 ek, oo

1010, all manufactured by Albemarle® Corporation.

Preparation of Tertiary Alkyl Amines

[0018] The tertiary alkyl amines suitable for use in the invention can be prepared
using techniques as known in the art, for example, direct alkylation of secondary amines of

alkyl halides in the presence of Huenig’s base.
Resins

[0019] Polyesters which are useful according to the present invention include
conventional unsaturated polyester resins known in the art. Thus, the unsaturated polyesters
may be obtained by reaction of approximately equivalent amounts of a polyvalent alcohol
such as ethylene glycol, diethylene glycol, triethylene glycol, trimethylene glycol, propylene
glycol, pentaerythritol, and other diols or polyols with an unsaturated dibasic carboxylic acid
or carboxylic anhydride such as maleic acid, maleic anhydride, fumaric acid, itaconic acid, or

citraconic acid. These unsaturated dibasic carboxylic acids or anhydrides are often used in



[0019] Pol yesters which are useful according to the
present invention include conventional unsaturated
w@oiogeser resins known in the art. Thus, the PCT/US2006/038053
unsat ur at ed pol yesters maybe obtai ned by reaction of
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and the conplex diols_or yal s. Unsaturated
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et a- unsa urat ed nonocar boxy I C acl conpoun
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bi s(gl yci dyl her 0021] Further, the unsaturated
. Styreagp%,ag@% § %R'Ptl %ﬁa@ge ¥n nononers
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ons are ch con rom a
polyi&s egpablenf being cured using peroxide initiators. Such unsaturated polymers include

conventional polyurethane acrylate resins known in the art. The unsaturated polyurethane
may be obtained by reaction of a polyisocyanate, such as toluene diisocyanate,
diphenylmethane diisocyanate, hexamethylene diisocyanate, and the like, with an appropriate
compound containing at least two active hydrogen atoms, such as a polyol or a polyamine.
Exemplary polyols include ethylene glycol, diethylene glycol, triethylene glycol,
trimethylene glycol, propylene glycol, pentaerythritol, and other diols or polyols. Urethane
polymers may be used in the form of homopolymeré or, more preferably, with various other
monomers which can be copolymerized therewith. For example, urethane polymers can be
prepared by reacting any of a variety of acrylic comonomers, such as acrylic and methacrylic

acids, and their amides, esters, salts and corresponding nitriles, with the polyurethane resin.



wei ght of unsaturated pol yester and 30 to 50 percent

by wei ght of copol ynerizabl e nononer. Styrene is a
w@e@feined copol ynmeri zabl e nonomer. [0022] Al t POTIgk20061€38053

i nvention has been described in detail with regard to

the use of am ne pronoter blends as cure pronoters for
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exanpl e, urethane polyners can be prepared by reacting
Initiafty Of a variety of acrylic conononers, such as
acrylic and net hacryl i c acids, and their am des,
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gen at m ..t h
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diacy} P eiHER AT RALMARY SerIB51 ek a8k, ARME prdflfedGRRXWrs. The initiators

are used in amounts known in the art, for example, for peroxide initiators, between about 0.5

and 10 percent by weight.

Co-Promoters

[0025] The amine promoter blends of the present invention can be used alone or with
other cure promoters, such as other tertiary aromaticlamines, metal salts, and the like, and |
mixtures thereof. Examples of metal salts useful as cure promoters include cobalt, vanadium,
zirconium, iron, manganese, chromium, tin, aluminum, lead, and copper salts, and the like,
and mixtures of any two are more of the foregoing. Preferably such metal salts comprise a
metal salt of a carboxylic acid, such as a Ce-Cyy fatty acid, benzoic acid, naphthalenic acid,

and the like. Cobalt naphthenate is one advantageous metal salt cure promoter.



resins may be used in the form of honopol yners or
copol ynmers with vari ous ot her conononers which can be
WO e@ctient7t herewi t h, includi ng various acrylic PORUR®N&E)38053
such as acrylic and nethacrylic acids, and their
am des, esters, salts and corresponding nitrites.
Exaluplé 1at ors [ 0024] The pol yneri zati on or
copol yrmeri zation initiators which can be used are

t hose conventionally avail able and include hydrogen
pel08%¢1q ¥ aripprarpiae prENYEr Wsudsed N-mgtyl h%(k@@qu{y&théflm@lmdme

one cycl ohe
oniBE 3 Qv IR e B (BBLRE By o a2 GGy e
optinpen eatiodsfihe sloatatiaanderzey bllc@Eﬁlﬁ?ﬂe @SmpbﬁéiﬁQ)(I}el RiedeR fbitkring an
i sobutyryl peroxi de, acet

unsatpratecp L KEshr SR Q%gnd@ébél@d i in g Gelaqlfma@h@@énaie/y@?wt@éketone
perof i Q% wRRLRoHEL M1 ISRNE RO RN e fots of the tet are
showinex dablatleselde per ketal s, such as
[,l-ditert- butylperoxy-3,3,5-trinethy| cycl ohexane and
dlalkyl per oxi des, such as
|, 3-bis(tert-butyl peroxyi 36pedpyl ) benzene. The di acyl
oerOX|des and particularly benzoyl peroxide, are the

Bopd@ResmédemﬂJ%g at|8mBs. (TBE i|ABHi alt).éﬁs 9.85 Us.85l iA 85 9.85
n ha d4r t far o Jaaall nar avidao
Uurtt o rTIIuvvn L] O T T 7 L) T \.‘ 1T OO0 " AR N YA
hﬂﬁﬁ?tgators betmagﬁbaﬁga? (dgsar@0§o %Qﬁcqﬂﬁzb)Qflsggo
ADIHAT[E, ¢ CO- PTOMMOI[ETS (158751 67 (604 10 BE OTPRET ($DeT1S0.10
of thé present inventijon can be|usedal one or Wit
Codﬁdp@thanaﬂeeﬂ%&;rg)t 80§, |8.06h [@ad50tes (@05 a0.95 ar@bdmt i ¢0.05

jRes—retal—sahis—apg—-the ke —and mxtures
hﬂ?ﬁeﬁ%of Exanplecogf metal %%It<oasef%? a&jguré}z 0.2
GePLRRDLE] S 1 NCT UdRs gobak D, VARadi3ey 21 FEOM BN (179N, (145
manganese, chronijum tin, alum num llead, |and c¢opper
salts, and the like, and m xtures of any two are nore
of the foregoing. Preferably such netal salts conprise

a [082A| Thabptindim Blepa P WRYPT 6ndBDMA SI6GE bas/edn T vk a:nd 40 wt%.
fatty acid, benzoic acid, naphthalenic acid, and t

For tlq REBosepphihis FrApREREn e SPB B Rlcnis Apvamgddn be B} MEPT and
80 wiSRhipNGUL f5 Pr onot er . Exanpl e 1:

{0028} In comparison, the gel times for the same system utilizing only MHPT as a

promoter were significantly greater. The results of this comparison are shown in Table 2.

Table 2.
Bondo resin #100219,g 9.85 [9.85 [9.85 |9.85
MHPT, g 0.08 10.06 [0.04 10.02
Cobalt Naphthenate (12%), g {0.05 [0.05 [0.05 |0.05
MEKP, g 02 102 |02 |02
Gel time, min 7.2 8.1 9.3 10.9

Example 2:

[0029] The optimum promoter blend of Example 1 (20% MHPT and 80% ADMA-
16) was used to cure a different unsaturated polyester resin (Aropol® 7221) in a cobalt



[ 0026] Various am ne pronoter

bl ends of

N- et hyl - N- (2~hydr oxyet hyl ) - p-t ol ui di ne ( MHPT) and

woRddinet hyl hexadecyl

am ne (ADMA-16) were CRPOPHS®O6/038053

to determne the optimumratio of the aromatic and

tertiary al kyl

napt B PR A

am ne conponents.

R ek

R syt ACBRBAAS
yl et hyl ket one per oxi

at 243G r’Ehereffeor alege] tifhd oftivstasingsameovntaafiibe ponmmterbigd arg phown in

Cel

b 130
d

times for curing

24 erk Boucted
e syst

em

results of the test are shown in Table 1 below. Table
Tablej3. [0027] The optimum bl end of MHPT and ADMA-16 is

bet ween 15 wt % and 40
experi nment,

MHPT and 80 wt % ADVA- 16.

wt %

For the purposes of this
the optimum bl end is assunmed to be 20 wm %
Tadde8] I n conparison, the gel

tinmes for the sane systemutilizing only VHPT as
Aopoion2en gwer e signi fi ¢xoddy ekt er (9.93%e r 5t s BrI7S
-t hi s conparisen—are-shown+nTapte—p2—Table—2—Fxanple
Amiegooagternplend s i mum bPomot é}'(ﬁgl enP & Ex e 1 %
T e (O, 5 T0)o ¥ URPGis 0 W a 67 e[v.015
%@%g\%ﬁg}hg%g%@éﬁer (%g?isn Aropol [r) 7221) in a
Mekal §napht henat e/ met 0.y et hylket one|(Qokr oxi gkl syst ghl
LAs | n Exanple 1, all -t{ests—were—confucted—at—240C—The
@9lftigns ¢k gel tine of Y-ﬁcreaﬁ-gg anmpunt s 0159' he 1.1
pronoter brend are sh N Tabl e 3. Tabl'e 3. [ 0030]

In conparison, the gel tinmes for the sane anmount of )
DNPI3 W sinacoprparisdng the gel tines Satiee wyrstasmupnepeDMPT as a promoter in

the sai{legsnyls‘%lgs\)?{grite%}/gﬁg%fag%lg rgre-iagegle Eﬁezeﬁselélnlﬂtcssofq{xistcgrln%arcfé)o%pa% §Wh in
Table 4.
" Table 4.
Aropol 7221,g 9.935 9.945 9.955 9.965 9.975
DMPT, g 0.05 0.04 0.03 0.02 0.01
Cobalt Naphthenate (12%), g 10.015 0.015 0.015 0.015 0.015
MEKP, g 0.1 0.1 0.1 0.1 0.1
Gel time, min 10.2- 12 16.1 17 22.2

[0031] While the compositions and methods of this invention have been described in
terms of preferred embodiments, it will be apparent to those of skill in the art that variations
may be applied to the compositions, methods and/or processes and in the steps or in the
sequence of steps of the methods described herein without departing from the concept and
scope of the invention. More specifically, it will be apparent that certain agents which are
both chemically and physiologically related may be substituted for the agents described
herein while the same or similar results would be achieved. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the scope and

concept of the invention.



[0031] While the conpositions and nethods of this

i nventi on have been described in terns of preferred
wepdodizents, it will be apparent to those of B&I/UK2006038053

the art that variations nmay be applied to the

conposi tions, nethods and/or processes and in the

steps or in the sequence QLA s of the nethods

descri bed herein w thout departing fromthe concept

and scope of the invention. Mre specifically, it wll

ellappafieaminapemeisr blend f@rgenng apaTogileanitiatast unsaturated polymer

LT A T ——

mnmeane or simlar results mould be achi eved. Al such

SI | ar_substitutes and nodifications apparent to
se skiq qnEge prpmafer blend efcdainele hgrabthset igasting tertery
mmnéﬁggﬁnﬂqgsﬁg@ﬁﬁ@%rof the invention. CLAIM5S : 1) An
am ne pronoter end for curing a peroxide-initiated
unsaturated polymer resin systemconprising at |east
one tertiary aronmatic api ne andlgt | east one tertiary
al kyl am ne. 2) The am pfjmﬂ bl end of claiml1,
wherein the at | east one tefiary aromatic am ne has
the structure: wherein: R i|ls a linear or branched G
to C6 al kyl or C3 tﬁ C6 cycloalkyl rRis a linear or
branched Cl to C6 al Ry, C eyctfoal kyl, or has
the structure: wherein, |R7 is hydrogen, |inear or
branched C1 to C6 al kyl
wherein said G to C6 al (33 to C6 cycloalkyl is
optionally substltu cd” at ~XYhe-Cl1 or_C3 position,
respectively, %5 definegd belomﬁ3R and R9 are each
i ndependent |y selected from|t he group consisting of
hydrogen, linear or brancheg,C to C6 alkyl, and C3 to
C6 cycloalkyl, and Xis OH ORl, CN, OCC(OR1, O[(CH
2)m0 JpH or wherein nel to 6 and n=l to 6, and wherein
Ri is as defined above; andR2, R3, R4, R, and R6 are
wher@iach i ndependent|y sel ected fromthe group consi sti ng

MR1 is? ﬁmea.r or branched C; to Cs alkyl or Cs to Cg cycloalkyl;

R is a linear or branched C; to Cs alkyl, C; to Cs cycloalkyl, or has the structure:

Ry Rg
CH——C——X

R

wherein, Ry is hydrogen, linear or branched C; to Cs alkyl or C; to Cs cycloalkyl, wherein
said C; to Cg alkyl or Cs to Cg cycloalkyl is optionally substituted at the C; or C; position,
respectively, by X as defined below, Rg and Ry are each independently selected from the
group consisting of hydrogen, linear or branched C; to Cs alkyl, and Cs to Cs cycloalkyl, and
Xis OH, OR;, CN, OC(O)R1, O[(CH,)xOl:H or O[(CH2),0],R;, wherein m=1 to 6 and n=1

to 6, and wherein R; is as defined above; and

10



hydrogen, linear or branched Cl1 to C alkyl, C3 to C6
cycloal kyl, and C1 to C6 al koxy. 3) The am ne pronoter
whbk@ndinfl cl aim 2, wherein the at | east one tePCT/HE2006/038053
aromati c am ne has the structure: wherein: R is
methyl or ethyl; R7 is hydrogen or hydroxynethyl; R8
Ro, B, FROR g 1aad @3afe datkl apepelriohtly sedeeichad ter grows bens@tiog pf
consj.sting, of hydrogen, nethyl and et

hydrgen, lipgpr RY BRBolAH 1Bl Rconip |q¢ e dVeind Cofn ratkory.

ar

orope. RSyl peositicy WERPBRLiGS ARAEH e R1Aselledplhty
aromatic mainertasthesstrubfuend of cl aim 3, wherein the at | east

one tertiary aromatic amne is

N- et hyl - N- ( 2- hydr oxyet hyl ) - p- t ol ui di ne,

N-et hyl - N- (2- hydr oxyet hyl ) - pt gl ui digpe, or

N- net hyl - N- ( 2- hydr oxypropyl ) - p-tol 4idine. 5) The am ne

pronoter blend of claim4, whereinithe at | east one

tertiary aromatic anine is CH——C——X

N- et hyl - N- ( 2- hydrox§ hyl/)f/p tol ui{di ne. 6) The am ne

pronoter blend of clai wherei nlt he at | east one

tertiary al kyl am ne has t he struclR@re R3N, wherein R

I's independently_selected fromtpe group consisting

OCl to C32 al kyﬁe Ups” 7 fi ne pronoter bl end

of claim®6, wherein fjie at | gast one tertiary al kyl

amne is an N, N-al kyl| di msthl am ne, wherein the

al kyl group conprlse 2 carbon at ons. 8) The

am ne pronoter end O | ai"m wherein the at | east
one tertiary al k§$ aminelis N, N8 nmet hyl hexadecyl
am ne.

wherein:
R; is methyl or ethyl;
Ry is hydrogen or hydroxymethyl;
Rs or Ry are each independently selected from the group consisting of hydrogen, methyl and
ethyl;
Ra, R3, Ry, Rs, and R are each independently selected from the group consisting of hydrogen
and methyl; and
X is OH or O[(CH)m0],H, wherein m=2 and n=1 to 6.

4 4) The amine promoter blend of claim 3, wherein the at least one tertiary
aromatic amine is N-methyl-N-(2-hydroxyethyl)-p-toluidine, N-ethyl-N-(2-hydroxyethyl)-p-
toluidine, or N-methyl-N-(2-hydroxypropyl)-p-toluidine.

5) The amine promoter blend of claim 4, wherein the at least one tertiary
aromatic amine is N-methyl-N-(2-hydroxyethyl)-p-toluidine.

6) The amine promoter blend of claim 1, wherein the at least one tertiary alkyl
amine has the structure R3N, wherein R is independently selected from the group consisting
of C; to Cs; alkyl groups.

11



9) The am ne pronoter blend of claim1, wherein a

pronoting efficiency maxi m zi ng anount of the at | east
woep@7tienrri ary al kyl amine is utilized in the bPEntsS200¢938053

A curabl e unsaturated resin system conprising a

peroxide initiator and an am ne bl end cure pronoter,

whey ei nThbaméais piembleebldnd uf €laipi 6, WheEinths@riesesnatertiary alkyl

| east. one _terti ar)i aromatic, am ne and at | east on

aming g 41 M alkykgimedial pines whervinehe ala hEroun remptiTea 2d8 52 carbon
atom%esi n system of claim 10, wherein the at |east one
“fertiary aromatic ami ne has the structure: wherein: Rl

i sR)a | i Hesamine phonastetidehdGl claim@, afbleydin the aCRatt@nEdertiary alkyl
.cycloalkyl: Ris,a linear or branched Cl1 to C6 al kyl, -
amm@:’?‘Ng‘l'éﬁf‘%@/ﬂlh@é?@}’l,m&?&has the structure: wherein, R7

I sg;yhydr : r ]

Cs9c)ycl oai Eyi 1,n legﬂer gﬁlﬁ&%@i @%ﬁ? c’)%ég&?\? Egﬁinlg%%é%?%é%é&yo
maxioyzihg adokyit df sheogitl¢éasnalel tgrtisnytedkyl tantinalisattilizérein@ie blend3

position, respectively, .by X as defi.ned bel ow,. R and

RolUlr ¢ /& SERDIISHUTHRS TETY X970 ComBriRe ApPIoLedpfy (o and an
amin€ B1ARH ShdeHoRbtcPUAHLEE the dnliREBIen® buR AN SrlpriRs Bleast one

al kyl, and C3 to C6 cycloalkyl, and X is OH OR, CN,
tertiaQCEroRiic adfreGHd2) edstjompitastiarg a{lkpHamiten Q) nR1 wher ei n el

t a n=l .to 6, and. wherein LS define ve,

o hepirgg€ugan®e MR Sp Tt daindD, SRereft s ARG one
tertiaBPhrBffaf€ amiAak iR Gfetpe: consi sting of hydrogen, [|inear

or branched C1 to C6 alkyl, C3 to C6 cycloal kyl, and

Cl to C6 al koxy. 12) The curabl e unsaturated resin

system of claim 11, whegein the @t |east one tertiary

aromatic anmine has the strycture: wherein: Rl is

methyl or ethyl; R7 is hydrggen or hydroxynethyl; R or

g are each independently selljected fromthe group

consi sting of hydroggn, nethyl and R,

wherein:
R; is a linear or branched C; to Cg alkyl or Cs to Cg cycloalkyl;
R is a linear or branched C; to Cg alkyl, C; to Cg cycloalkyl, or has the structure:

R, TB
CH_T_X
R

wherein, R7 is hydrogen, linear or branched C; to Cg alkyl or C; to Cg cycloalkyl, wherein
said C; to Cs alkyl or C; to Cg cycloalkyl is optionally substituted at the Cy or C; position,
respectively, by X as defined below, Rg and Ry are each independently selected from the

12



ethyl; R2,R,R4, R5, and R6 are each independently

sel ected fromthe group consisting of hydrogen and
woreaohgth727and X is OH or O[ (CH 2)nD ] nH, wher ei PCTE208610B3053

n=l to 6. 13) The curable unsaturated resin system of

claim 12, wherein the at |east one tertiary aromatic

grovprriongsting dfhydtdegh,-Iebortbyatobxd €4 by C) alRyll ahdICHio@; cycloalkyl, and

I e R R

to 6,%}&@9&1@&&%@%&'&%&‘3 %, Angyst em of claim 13, wherein

the at |east one tertiary aromatic amne is
Ry, Ry Re RiydndRq(d2e bactirindependeptly sgletted G the gidhp cBhsisting of hydrogen,
. cur,abl turate sj,n_system of ¢l ai 0, wherein
tineaf St £ 8 B B 6 Fa S oGP LG RS A

stryyct do3dd, ' Syt t1l

o P B e ) L P i cust one
tertianyggrompc eminzidiae thersbaictureat ed resin system of claim 15, -

wherein the at | east one tertiary alkyl amne is an

N, N~al kyl di net hyl am ne, V\,heﬁei n the al kyl group

conprises 2 to 32 carbon atong’. 17}8The curabl e

unsaturated resin systemof claim16, wherein the at

| east one tertiary al kyl am is N _N-djnet hyl

hexadecyl am ne. 18)R1'Kh§ % 'e upsaturated resin

system of claim 10, whergin a prompting efficiency

maxi m zi ng amount of thejat |east Bpe tertiary al kyl

amne is utilized in the|blend. 19) The curable

unsat urated resiRsgsyst i 10, wherein the

total armount of the>as ifot er bl end ranges

bet ween about 10 wt about 5 percent by weight,

based on wei ght of the unsatjurated resin. 20) The

cur abl e unsat ur at eg-resin stem of claim 19, wherein

the total anmountRpf theafi ne prrRymter bl end ranges
bet ween about 50 wt ppm and about 2 percent by weight,
R4
wherein:
R; 1s methyl or ethyl;

Ry is hydrogen or hydroxymethyl;

Rg or Ry are each independently selected from the group consisting of hydrogen, methyl and
ethyl;

Rz, R3, R4, Rs, and R are each independently selected from the group consisting of hydrogen
and methyl, and

X is OH or O[(CHy),O],H, wherein m=2 and n=1 to 6.

13)  The curable unsaturated resin system of claim 12, wherein the at least one
tertiary aromatic amine is N—methyl—N~(2—hydroxyethyl)-p—toluidine, N-ethyl-N-(2-
hydroxyethyl)-p-toluidine, or N-methyl-N-(2-hydroxypropyl)-p-toluidine.

14)  The curable unsaturated resin system of claim 13, wherein the at least one

tertiary aromatic amine is N—methyl—N—(2~hydroxyethyl)-p—toluidine.

13



based on wei ght of the unsaturated resin. 21) The
curabl e unsaturated resin systemof claim20, wherein

wo b@7noral anount of the ami ne pronoter bl end PEnysm06/038053
bet ween about 100 wt ppm and about 0.5 percent by
wei ght, based on weight of the unsaturated resin. 22)
ThéSkur dht enrablsamnsateried ress systeny sf dawoi 0,oberen 1 at least one

i SR A8 R RS BB, Sl o
grouﬁ"@@l{sf‘slnﬁgbflé] ﬁﬂ@gztaug,mg}ougyre pronoter is at |east one

24) The curabl e unsaturated resin system
of IG)I ai Thezmahlmgmsetmatcdtmsmwswmmf@lalm%ewbpmmﬂte rat legstane

net salt.o  ..vapadi um zirco
tertifi s 8 s SR et GRS Kt hereR e icy] B8 pamprises 2 0
3zc%onaatmlg(ture t her eof . 25) The curabl e unsat urated
resin stemof claim?24, wherein the netal salt is a
mek 7é| siétetcumbl%ur@awmﬁ@/tesm saetenh, of slagn 185 where: the af keastyne

[ ht hal,eni.c acid, or m xtures
tertm?;ﬁ a%’ é )ﬁtﬁe“t:eﬁltyég u%gtrﬂ?at ed resin system of
clB)m 2Zfhe cobsdlindatubed®bial systiahtofickii d0atvherein a promoting
napht henate. 27) A nmethod for curing an unsaturated

efﬁclﬁ%wﬁ@fm%@g #nol of thestt irgsteansdertipmaling anree isnéibieed ax the blend.
pol ”erTHe%?Hﬁlé/‘ﬁﬂsgtu?atg(f ' gﬁet'nrgftci ﬁ%&q'{) t)vﬂ 1Ieﬁlethe tc%tﬁl amount of

presence of an am ne ur eprono Wher e
the amivienpeorhbentlend rangps hmtmtam abooh [0 wspsm ahd ble@s 5 pereent by weight,
erti a omat|j c ne and at | east one tertiary
base ?’k‘j}’?l e“%u“‘l*ﬁ‘g}eétﬂ' abl e unsaturated resin system

of20g! a"l“He%ﬁrabY@lﬁ{sﬁtufht&ﬁ%sﬂts S8R cféﬂﬁ lb%hé@fnythe total amount of
aromati ¢ am ne has the structure wherei n; R1

the amm@mm@tpr blerndranges @iwean a@oat 30/t ppm @3d tlgouCd percent by weight,
based éln WeEl g{rt 3’# the unsaturated resin.

21)  The curable unsaturated resin system of claim 20, wherein the total amount of

the amine promoter blend ranges between about 100 wt ppm and about 0.5 percent by weight,
based on weight of the unsaturated resin. v

22)  The curable unsaturated resin system of claim 10, further comprising an
additional cure promoter.

23)  The curable unsaturated resin system of claim 22, wherein the additional cure
promoter is at least one metal salt.

24)  The curable unsaturated resin system of claim 23, wherein the additional cure
promoter is a metal salt of cobalt, vanadium, zirconium, iron, manganese, chromium, tin,
aluminum, lead, or copper, or a mixture thereof.

25)  The curable unsaturated resin system of claim t24, wherein the metal salt is a
metal salt of a carboxylic acid, such as a C¢-Cy fatty acid, benzoic acid, naphthalenic acid, or
mixtures thereof.

26)  The curable unsaturated resin system of claim 25, Wherein the metal salt is
cobalt naphthenate.

27) A method for curing an unsaturated polymer resin, comprising crosslinking

the unsaturated polymer resin with a peroxide initiator in the presence of an amine blend cure

14



Ris a linear or branched Cl1 to C6 alkyl, C3 to C6
cycl oal kyl, or has the structure: wherein, R7 is
whyarogen, |inear or branched Cl to C al kyl orP@BUSmOEEB8053

cycl oal kyl, wherein said Cl1 to C6 alkyl or C3 to C6

cycloal kyl is optionally substituted at the C1 or C3
prorrRﬁ’@H FheRin the sRERUIMRI dire PRombtdTofPliered 126l @ teflagngtomatic

are each i ndependently selected fromthe group

mnmcamkmstmmgmﬁwﬂhyﬁﬂb@emnnﬁ|near or branched Cl1 to C6

d
OC;}(%) Riﬁréd‘f‘f(%ﬁ %S%Iﬁ(i#fe&n é%tﬁ@_cg‘lf’aiﬁﬁﬂgéf \A}]Sﬁgat fé%t one
tenlalfar@nﬁﬁgaﬁnie}ﬁpt}é strafdranherein R1L is as defined above
, R, R4, R5, and R6 are each independently

selected fromthe group conS|st|ng of hydrogen, |inear
or branched Cl1 to C6 alk { G tp C cycloalkyl, and C1
to C6 al koxy. 29) The cu\aQJe/ﬂﬁsaturated resin system
of claim28, wherein the at N east one tertiary
aromati ¢ am ne has the strudqture:wherein: R is nethyl
or ethyl; R7 is hydﬁggen or lhydroxyppthyl; R or R are
each |ndependently sebectedt” f e e group consisting
of hydrogen, nethyl and |éthyl; , R3, R4, R, and R6
are each independently fromthe group
consi sting of hydrogen 28d and X is CH or
O[(CH 2)nD ] nH, whegetn mFXsand n=hgto 6. 30) The
curabl e unsaturated ?esin system of ¢laim29, wherein
the at | east one tertiary arjomatic amne is
N- et hyl - N- (2- hydr oxyet hyl ) Ra-t ol ui di ne, N-ethyl-N-(2-
hydr oxyet hyl ) - p- t ol ui di ne,
or N-net hyl - N- (2- hydr oxypr opyl ) - p-t ol ui di ne. 31) The
whereigt abl e unsaturated resin systemof claim30, wherein

risy el o EREb e Gk o Pt e ' °

R is a linear or branched C; to Cs alkyl, Cs to Cg cycloalkyl, or has the structure:

wherein, Ry is hydrogen, linear or branched C; to Cs alkyl or Cs to Cs cycloalkyl, wherein
said C; to Cg alkyl or Cs to Cg cycloalkyl is optionally substituted at the C; or Cs position,
respectively, by X as defined below, Rg and Ry are each independently selected from the
group consisting of hydrogen, linear or branched C; to Cs alkyl, and Cs to Cs cycloalkyl, and
X is OH, OR;, CN, OC(O)R,, O[(CH2)O1:H or O[(CH2)mOJR,, wherein m=1 to 6 and n=1
to 6, and wherein R; is as defined above, and
R,, Rs, Ry, Rs, and Ry are each independently selected from the group consisting of hydrogen,
linear or branched C; to Cg alkyl, Cs to Cs cycloalkyl, and C; to Cs alkoxy.

29)  The curable unsaturated resin system of claim 28, wherein the at least one

tertiary aromatic amine has the structure:

15



32) The curabl e unsaturated resin system of claim 27,

wherein the at |east one tertiary al kyl am ne has the
waeoagture R3N, wherein R is independently selBCI/E82006/038053

fromthe group consisting OCl to C32 al kyl groups.

33) The curabl e unsaturated resin system of claim 32,

wherein the at |least one tertfary dgkyl anmine is an

N, N-al kyl di methyl am ne, wherjein the al kyl group

conprises 2 to 32 carbon atons. 34) The curabl e
unsaturated resin sy ten1o 33 Werein the at
| east one tertiary a a.m/oe IS N-d| nmet hyl

hexadecyl am ne. 35) The urabl e urﬁ;gaturat ed resin
system of claim 27, wheregin a pronoting efficiency
maxi m zi ng anmoung of the lat | eastz_one tertiary alkyl
amne is utilized M_the"bbend-36) The curabl e

total anmount of the am not er bl end ranges
bet ween about 10 wt ¢ and dbout 5 percent by weight,
based on wei ght gof gt urated resin. 37) The
curabl e unsaturatéd resin system of claim36, wherein
the total anount of the gm ne pronoter blend ranges
bet ween about 50 wt ppm &)d about 2 percent by weight,
based on wei ght of the unsaturated resin. 38) The
curabl e unsaturated resin systemof claim37, wherein
whereine t ot al anmpunt of the amine pronoter blend ranges

. be en out 100 wt ppm and about 0.5 percent by
R”S\%ﬁtt% %gged on wei ght of the unsaturated resin. 39)

R, 1s]ig}&ogeﬁ@m3qr mylated resin systemof claim 27
further conprising an additional cure pronoter.

R; orfipenre erchiihdepanisatiyiseleeed Frasi the g1pap cRPBTING o |hafd13>gen methyl and

ethyly\:her ein the additional cure pronoter is at |east one
hetal salt. 41) The curable unsaturated resin system
Ry, RefRG Rai annd 40 ,aredreh endeptinientdg deledtedhfibmabie group consisting of hydrogen

and methyl, and
X is OH or O[(CH2)nO},H, wherein m=2 and n=1 to 6.

30)  The curable unsaturated resin system of claim 29, wherein the at least one
tertiary aromatic amine is N-methyl-N-(2-hydroxyethyl)-p-toluidine, N-ethyl-N-(2-
hydroxyethyl)-p-toluidine, or N-methyl-N-(2-hydroxypropyl)-p-toluidine.

31)  The curable unsaturated resin system of claim 30, wherein the at least one
tertiary aromatic amine is N-methyl-N-(2-hydroxyethyl)-p-toluidine.

32)  The curable unsaturated resin system of claim 27, wherein the at least one
tertiary alkyl amine has the structure R3N, wherein R is independently selected from the
group consisting of C; to Cs; alkyl groups.

33)  The curable unsaturated resin system of claim 32, wherein the at least one
tertiary alkyl amine is an N,N-alkyl dimethyl amine, wherein the alkyl group comprises 2 to
32 carbon atoms.

34)  The curable unsaturated resin system of claim 33, wherein the at least one
tertiary alkyl amine is N,N-dimethyl hexadecyl amine.

35)  The curable unsaturated resin system of claim 27, wherein a promoting

efficiency maximizing amount of the at least one tertiary alkyl amine is utilized in the blend.
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pronoter is a netal salt of cobalt, vanadi um
zirconium iron, manganese, chromum tin, alum num
WO e@d/112r1 copper, or a m xture thereof. 42) TheCTDUSHD/E38053
unsaturated resin systemof claim4l, wherein the
netal salt is a netal salt of a carboxylic acid, such

as 3%) C6-The Cuifabletunsataratled lesin 29dtem a€ cldim Adpkhdrainghé total amount of
acid, or m xtures thereof. 43) The curabl e unsaturated

the 3 progipier bigngranges paiwesn algt @ Wi pp gnt Spgreent §y weight,
basel R H gt BRIk IEEABted resin,

37)  The curable unsaturated resin system of claim 36, wherein the total amount of
the amine promoter blend ranges between about 50 wt ppm and about 2 percent by weight,

based on weight of the unsaturated resin.

38)  The curable unsaturated resin system of claim 37, wherein the total amount of .
the amine promoter blend ranges between about 100 wt ppm and abbut 0.5 percent by weight,
based on weight of the unsaturated resin.

39)  The curable unsaturated resin system of claim ‘27, further comprising an

additional cure promoter.

40)  The curable unsaturated resin system of claim 39, wherein the additional cure

promoter is at least one metal salt.

41)  The curable unsaturated resin system of claim 40, wherein the additional cure
promoter is a metal salt of cobalt, vanadium, zirconium, iron, manganese, chromium, tin,
aluminum, lead, or copper, or a mixture thereof.

42)  The curable unsaturated resin system of claim 41, wherein the metal salt is a
metal salt of a carboxylic acid, such as a C4-Cyy fatty acid, benzoic acid, naphthalenic acid, or

‘mixtures thereof.

43)  The curable unsaturated resin system of claim 42, wherein the metal salt is

cobalt naphthenate.
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