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al pha- eta unsaturated esters of acrylic acid, fumaric aC|d m xt ures of
fumaric and mal eic acid, and the M chael addltlon products of acrylic acid
with 1-5 propionate so units per double bond. Maleic esters are
~significantly less reactive than fufaric esters. Methacrylate esters are
reactive enough only with cyanoacetic esters and am des. For |ow color with
acetoacetate as active nethylene and over a broad range of ratios of al kene
noi ety



to active nethylene noiety, with nolar ratio of al kene to nethylene as | ow
as 0.9, ‘M chael addition products of acrylic acid are preferred as
al phra- bet a unsat urat ed aci d.-Fhegpipgeeas pguch M chael addition product is
55 bet a-acryl oxypropionic acid. It is preferred to use the mixture of
bet a- acryl oxypropi oni c acid and hi gher M chael addition products, with up
to 5 propi Sheatresenirinveriiop elategdel byl npiowerimetiddcler activeiingtCafhop Michasheurs with epmbimer vyl i ¢
acid in tione ofpfastoa idighagjfreastive pcivg traetiiyisne eerepomdy gath CarberhMishael-iezctive @kene pee-hout
| I ti ngPornls Peofarae fop feagtiMily, paquasiys o Hazajdiang lwisalph eyved t hat reversal of the
Oxygen M cRageinventen: aipg rPlatagdip 1 o8R0 i % Hindergepapesitiops, icHdjnacagtivy, mothylene meipties, 36
723 BE \Yighpaldpactiye, alke( araunsPoxde: 9ronps ety paineseand SHRREeN Y SAdtVeY fon imRrsie-
| evel , d'? Wieﬁ%y‘f‘fffe binder to become nore al kaline. The reversal of the
Ocygen M chPEPHPERops YRS FareBpTRvate #0088 Fier at e aci d, preventing the film
from becom ng strongly al kaline, thus m nim zing al kali-induced col or
formatjon. Although good color can be obtained with a variety of such
esters, it PAEY of er r ed ACSEORSSF Aryafheds meshagrwate s of trifunctional
al cohol 5 ®ach as trirnguﬁ@nﬂaagzysgé and with a nolar ratio of alkene to
active met hyl.ene j.n . the range 0.9-2.0.. Wth acrylic acid as the al pha-beta
unsat ur at ed*é%’?@%& ac&l&i’g’é‘t‘“ﬁ “’t’ﬁ’@ﬂF&ﬂY&l AWM ety, col or devel ops
with agi ng of the cured (fetdamethiyddminubirspriopydfandinedne to nmethyl ene is
gneater tha . 5. When I aturated acrylic esters have three
oﬁyﬁnre alkgﬁé gr oups pggﬁ#g1ggﬁw%%E?ﬁ%R%%tio of al kene to active nethyl ene
can be as hP@ﬁﬂéé 4.0. WW&EYl Reediadi®a- bet a unsaturated acrylic esters have
only two 1l0caphkene grogppriar aleloh@ell €, the nolar ratio of alkene to
actyv e neth*bﬁgg shoul d _he in.the range 1.5-2.2. Wth fumaric acid or
m xtures of ric aci QTRRFYHNAEA%%Ci d as al pha-beta unsaturated acid,
preferred aDPBIACETATRON iz adriceypdlopndecenanadetatelnber average nol ecul ar
wei ght greap@fcaR@n abog; Q%%ic?%l%%’xid\é & rgi c}%’i"?% la €SS than about 700

i nd less u .

grans per al kene noi ety, .aa Than apo _ r(elgw val ents of acid per
100 granms oPMAEMPest er Sdmeddylemiaoceshydomedinasiryd adte t hese ranges, and

especi al |y pmaierred fODﬂm@@%ymémﬂwaméﬁwyi4§aaéﬂﬂeﬂsédMaﬂéqafﬂ*jhavergget
ess an apbou

nmol ecul ar i greater .t han gboyt 900, "equi val ent wei ght
500, and I\éﬁwhan abouPlﬁ‘.e%hé’gl?i“\}a°€r’&°§Y§'f ainN® per 100 grams. The hardest
and ngst chOMAPMAl y resiDimethyliaminoprepyll aiewrdarytlaniideder s cont ai ni ng

|l ower |evel pol yest ey: S films, )L s preferred,that .the

equi val ent Remleght be | e?é‘ﬁeﬁgﬁla%o%{}[e%(?f cxc[tl}?h&g%n& %rc}(?rarr@é)ﬁ‘(yr}dicngl y | ow
| evel s of dibasic acidsagtilder than maleic/fumaric. The |east expensive and
nost flexibppmf il ms ar e pahlfednfathatielalt 20 Dbi nders containing hi gher |evels
of polsryesteé or such filns it is preferred to use a coacid selected as
descri bed bEFBE. For hy dr&pgithexanod; ance, durability and econony, the
pol yfuncti oGMA al cohol s Glyed dgile methadrglatie neopentyl gl ycol, neopentyl

gl ycol nono r oxypi vakat E ) 2. 4-trinet hyl -1, 3- pent anedi ol ,
triTet hyl ol hr%g%ane, and@f}%%’é‘&ggi&j' 81%2'?\3%59{ a.teEspeci ally preferred are

m xt ures of entyl gAgesic Asidtrinet hyl ol propane, and neopentyl gl ycol
mono( hydr oxypmual ate) . &s@bﬁf&ylle\ﬁ@th‘&fcré& b C acid ts preferred for
reactivity with nethyl ene groups, howevér due to ready crystallizability of

fumarate po ters of Ne&pesEyliq ¢&dd the preferred ratio of
fumarig/ mal MAehi s in t helalaeige anhg@radeut 80/ 20 to 20/80. For the best
reactivity, e ratio of,. ric/maleic should be above 40/ 60. For outdoor
durability,m%g i's prefepﬁégq%ﬁgﬁvgﬁgnﬁibasic acid noieties other than
fumari c andMMBl ei ¢ are ¥ethyyicmedhashratliakeor aliphatic. A particularly
preferred cqagi d for haN@@@@§t§ngq§r ility is cycl ohexane dicarboxylic
aci d. s¢or gl oss and durabil'ity “w t'h net hyl ene-functional acrylic polyners,
it is critical that the acrylic polyner and the polyester forma
honbgeneous, single phase after evaporation of solvent. Wth neopentyl
glycol as main glycol and maleic and fumaric acids as main diacids,
preferred acrylic polynmers have 30-50 percent 35 by weight .

acet o4tet oxyet hyl nethacrylate and greater than 30 percent by wei ght of
‘butyl or isobutyl nmethacrylate. Such acrylic polyners are also conpatible
wi th pol yesters having substantial |evels of cycl ohexane di carboxylic acid
together with maleic and fumaric acids. The filmproperties can be varied
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over a wide range while maintaining these limts by varying the ratio of

t he nethyl ene-functional acrylic polyer to unsaturated polyester and the
equi val ent wei ght of the polyegPar32eAagiBien pol yester can be used 40 over
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EXAMPLE 3 - Preparation of Ace'toacetate Functional Polymer A, a Methylene-Containing Component.

45
Three hundred twenty (320) grams of reagent grade xylene solvent was weighed into a one liter four
neck flask. A monomer mix was prepared from 96 grams methyl methacrylate, 96 grams butyl
methacrylate, 96 grams styrene, 192 grams AAEM, and 7.2 grams of t-butyl peroctoate. A solution of n-
dodecyl mercaptan was prepared by dissolving 12.1 grams of the mercaptan in enough of the solvent to
s0 make 60 ml of solution. The remaining solvent was stirred with a nitrogen sparge and heated to 105
degrees C. The monomer mix and mercaptan solution were then added simultaneously over a period of 95
minutes at 103-106 degrees C. Following completion of the additions the mixture was held at 105 degrees
C. for another 150 minutes with 2 gram portions of t-butyl peroctoate being added after 45 and 95 minutes.
The resulting 816 grams of solution was found to contain 60.9 wi. % polymer solids. Gel permeation
s5 chromatography indicated that the molecular weights were Mw = 15,200, Mn = 5560. The monomer ratio
was 40 AAEM/ 20 MMAY 20 BMA/ 20 Styrene. The initiator was 1.5 % t-butyl peroctoate on polymer solids.
The chain regulator was 2.5 % n-dodecyl mercaptan on polymer solids.
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The catalyst was added last, ‘after obtaining a homogeneous mixture of the other components. Then the
paint was mixed further for two minutes and drawn with a 4-mil gate on phosphatized cold rolled steel
(Bonderite 1000 pretreated steel). Measurements were made of time to freedom from tack with a Zapon
tack tester and a 500 gram weight, and of time to gelation of the remaining paint. Two panels were drawn
35 with each paint. One panel was aged at ambient for two days, then held for three days in an oven at 140
degrees F., then two days at ambient. At this time the gloss (20 degrees) and Knoop Hardness. were
measured. The other panels were aged under ambient conditions. At 28 days with the set of panels using
Acetoacetate Functional Polymer A and at 26 days with the set of panels using Acetoacetate Functional
N Polymer B, the Knoop Hardness was measured and also the response of the film to a spot of xylene, which
40 was placed on the film and allowed to evaporate. The spot was rated for blistering using the ASTM blister
size and frequency standards and for degree of soluble material at the perimeter of the spot, on a scale
from very slight (VSlight) to sever.
Resuits are tabulated in Table 1. At the lowest catalyst levels and with the least reactive (low molecular
weight acrylic copolymer, maleate as alkene component) systems, the gloss and pot-life are promising, but
45 the cure is poor. At the higher catalyst levels, cure improves, but gloss and pot-life are poor.
In contrast to the teaching of Brindopke et. al., fumarate polyesters give better cure than maleate
polyesters.
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Fumar at e/ Mal eate Rati o. Pol yester B was prepared from pol yester A by
isonerization with 0.7 wt. %di-n-butylam ne, giving a 40 funarate/ nal eate
ratio estimated by NVR of 90/ 1Rk 03be72081 ds content was 84.6 percent, and
the viscosity was 14.1 [err] (14,100 cps). Gel perneation chromatography

i ndi cated that the nol ecul ar weights of Polyester B were Mv = 2390, M =
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5560. The nonomer rati ojwas 40 M 20 MW 20 BMA/ 20 Styrene. The

C. for another 150 m nutjes with
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0.35, 0.52, or 0.78 grans of 31 wt. % tetrabutyl ammoni um hydroxide in

met hanol’, giving 4.8, 7.2 or 10.8 mmol es quaternary nitrogen/100 grans

bi nder solids (1.25, 1.87, or-2.8fp gh2e 993@i al yst sol'ids on bi nder 30
solids). The catal yst was added | ast, after obtaining a honbgeneous m xture
of the other components. Then the paint was m xed further for two mnutes
and drawn with a 4-m | gate on phosphatized cold rolled steel (Bonderite
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Wi th a Zapon tack tester a 500 gram weight, and of tinme to gelation of
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556 EXAMPLE 6 - AAEM Copolymers C, D and E (20 AAEM, Higher Molecular Weight).

AAEM copolymers were prep_ared as described above except no mercaptan was used, the initiator was
2.16 wt. % t-butyl peroctoate on monomers, and the monomer compositions were as follows:
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EXAMPLE 7 - Effect of Epoxy Resin on Cure of AAEM Copolyners C, D and E
wth TMPAOPA in Wiite 10 Paints.. Ginds of titaniumdioxide were prepared
i n-the AAEM copol yners using 85#10(3!363233311 di sperser- as above. \Wights of
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mar gi nrat—cure in earlier experinents wthout epoxy added. The chol i ne was

added | agdnds W fithhide!) GioSdROWete afégg%sh MShd RAEM kolRlymeRBRG 8 high isPeddtispiiker @8 Made
prior shéve 6l oit RRdsCdMigl 618 - gravlsSsoRfer doftds 4ab 3110 Bigiart Wed MIRISHITE 8% gfafd 2

m nut aMPADP A IMhR ighTatic v 11D mbiB€ of alkafb pel o ak Bdefoattiies Ohd 1A o BiYhDdhe

phos pmaidretitnd geamlschf hdbtaed arst @eibiert Bpiabovdrd addad @OnhakBaRCRIntsted wtpercehirsalitie mar k of
R5 Parakerajdifianne |astiveting ragditvef). i setnof (pdintyichntaigeelt 0261 dressudfteporgrresirc DERWB2 (@ Tabl e
2. 30 u8demiatk of Poyh) ailyglycol digheéidyd eBiR6 (alkpiBneBixidbaghicel tipelvithe305-38% epmwienunat | on of
terti alogts aai gram.divis lewelodl praom resinrgave $1/1 e@ivalohiaatiipetwesn spoxy and tertiary antine in
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20 Degree d oss,

Di/Trigl
B sphenc?ﬁﬁ;‘é%i%@ﬁ%z

N2

40

55

dg Mj‘% Q&Jﬁa)’y amine in the AAI’:-’M %ggg g

belEbr s properties, comblmn&g

glo:

ss and solvenpr'e&ﬁance In the

of added epoxy, amine detracts from cure, and in the absence of amine in the copolymer epoxy deiracts

from cure.

EXAMPLE 8 - Comparison of Epoxy Resins for Cure with No Added Strong Base

78.5 84.5 84.2 72.2 82.9
86. 5 Panel B Knoop Hardness - 0.95 8.59 2.16 2.30
2. 17 1.20 Pencil Hardness EP 0 326 72381 Cne 2H F
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8. 86 (Modl Z M@leﬁm Hel oxy WC- 69 ResorC| nol Di o] yC| dyl Ether
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Clear enamels were prepared with an AAEM copolymer having composition 40 AAEM/ 15 MMA/ 20
BMA/ 20 Sty/ 5 DMAEMA and a polyester crosslinker prepared from (mole ratios):

3.0 Maleic Anhydride/ 2.0 Trimethylpentanediol/ 2.0 NeopentylGlycol.

The enamels were prepared at 51 wt. % solids with xylene as sole solvent.

Epoxy resins were added to give a 1/1 equivalent ratio between amine and epoxy. The weight ratio of
AAEM copolymer solids/polyester solids was 668/332, giving 1.5 equivalent C = C/acetoacetate.

All of the enamels had extended pot life, gelling only after three or more days. Table 3 shows film

hardness resuits.
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(EPON 828 is a trademark of SHELL; Araldite is a trademark of G ba- Ceigy;
and Heloxy is a trademark of 25 WI m ngton Chem cal Corp.) Wth the
exception of butyl glycidyl etherogpslzdd@s cycl oaliphatic di epoxide, all of
t he epoxy-functi onal conpounds gave good hardness devel opnent. 30 EXAMPLE
9 - Cure with No Strong  Base Added, Conparing Triethyl enediam ne
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ratio) {5 diet hyI mearat e/ 4 2-met hyI, 2- piopyh dayl, 3-| pr asapedi
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he

reS|? IA UEy. ed vmthtrlet enelam'éi .
di et hylh g NE (ﬂgédﬁhmgp M Benll [0 6% or fSaEp anine
i t 1 OgefArRAS pH- Qf 9 @k 19A|k IdidfayrembPe epoxy vagggdded at yggioug yg&yEl S

rel ati Vigraddle MRS20 M| 10 PetradiPGayirbiyihisisboRbefantifed WN  @B4phosphat  g£d cql glzz ol | ed
steel (|RrnfleRésF500 PO cioVickINAFUI-BBLYI 6ine” favi nggza 0.101 ceed 4 nill 9egpt € one
hourss af [lagAditérResin g0 | Sk Resirbs00 shown i n Tall e 4.3845 554.84 E@7D| 326
723, Bl [Fabiyaviki11Bv a| 2/Ethyiienyl Ofglydilpathand DVAM|as tosset i arly anase forn $.24 pnt

cat al ysjHelexyswe-aT Wi | td-Byavediol @iglycdyl EtheEnanel § usioB3 AAHM copst yerl 1268 hout
copol ynkelozyelC-8r n pNeopeniyigiycol DiglydidyIEthet evel |Epox83Level Ge?.18[i ne |3086 g Zapon
Knoop HéleldxyddiS107 PeusiohexyldiBgthgriol Diglyc. Fllemne §s Ade®at e |10 886 12.35
(rrbef/’l biglosnW§-69 | Respreipgl Piglycidyl thaiut es) l1day 031 14dpy 94U day 1BRM
Heloxy W Allplga]_lgﬁolyol Digiiglyes Gther 0. 3&cky . 9| 97 2.88 |: 597 <6B
. DIVAM Epon 828 42 BlsphenolADgzlmdyl Ether >120 514)3_?419 09% 154(50
H (EPCPBB2BMANtademark of SHEKL 3 Araldite is a tradem&® of Ciba-Géify: éna(Pleloxy ib2kadbdhdiof | 1. 76
13. 95 |Wilminigton Chemical Cérg) DVAM 42 98 120
518-2% 409 20 310 HB—DIVANT 126

76 98 com i%ﬁ&%&ég ﬂ mggcgsgﬁ mlggﬁand tl'ie cyilggllphatuc dle?:ox#l@ M e%o ﬁfzu[rﬁlongl

fave .
180- 274 3.72 13. 33 No

F' | Mo 2@xAmPLEEDS - cure wutt‘?r2 No Strong Bash? Added, Comiparing Tneiwlgnealzﬂme with. 52
12.75 lmethyEmlnomethyImnol and Amine i®the AAEM Copolyméhyoat Various Leveid of Epoxy

173- 26 Resin 6. /4 1Z. 00 H B TEDA 47 84
<5 —312- 348 3.49 13. 27 H <6B TEDA 42
126 Cleaxsnamels wel® prepf@l using oRhed @n AAEM Zofdymer that did not have amit@RBombiioMer,

21 36 with a c@@position 50 4B8MA/ 10 3FiPBrel580 AAEM g0 a relat®l J@mposition Fcontaining <GB
25 Eimeethylamingirery! foRErRtrgiapicd (PMAPMA)L BO dRNAS| 5 Bwrang/eé0 AREMES DHARMAN The
crosslinker was a polyestgrlg'gpared4w Amgle ratio) & (iethyl fumarptp/ 4P- methyl Z=propyl. 1.3~ B
E% wepeopgnedioly Neapeniylidiglycicd Sihatwasiiged gl onony-dAe P'gﬁ"@lﬁ “@h 819 IS‘P\& at"g' added
st

"‘ﬁ%?sf@"“”@@d with "Tﬁé‘e’?ﬂ;ﬂ’éﬁ"? AEREY {agninomefhyl-pupstityt Ltion
of p"Bt 4 jof 83 m? 5'5?98"3 o' 9 e % 8??‘?" Las, @ Qﬁﬁi °ﬁ°' f;plgﬁ with

less r Enng 3% iy Tnﬁl?g RN TRt Ré:é)ltsﬁt hg\fr?l able 4.
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EXAMPLE 10 - Experinent Conparing Conbinations of Tertiary Am nes 35
Enanel s ‘were prepared using a different pair of related AAEM copol yners
wi t h> and wi t hout copol yneri zed angm@aéviddBiesin A: . 20 BMAV 20 MW 20
Styrene/ 40 AAEM 40 > AAEM resin B: 20 BMA/ 15 MV 20
Styrene/ 40 AAEM 5 DMAEMA. The crosslinker was a poI yester nmade from (nole
ratios) : 7.35 Neopentyl dycol/ 1.0 [Tewgphthalic Acid/ 1.0 Terephthalic
Aci,d/ 4.0 Mal ei c Anhydride// 2.0 D ethyl Fumarate. The crosslinker was used
a'{) at | 2\7/9| gl VEV3fdatidh 8f W'a“@blﬂm aQ{ethy aHn@?oﬂa%ﬁ@&%&&?n W&B&dega[ o pf th
abou . 532 5—AAEM-eopol-yrerpol-yesier ' Were—drawai

a nunb@r cﬁ"a@ﬂW'Wﬁ'é\pﬂEMﬁgpwe&Whﬁ'&CBQS’HﬁBWéH?@'""Wth the epoxy | evel adj pist ed
to give orenitoXjAnsitplieval | Epoky 1681 | G ITeret| 560 g ZapbrileKitop HEGwEs §XPsabl || ButdNp
case withl tertiafy am nelin the pol yner dded am ne |Hdrérdess AvRdte
drawn as [in the pbove experinents$. The neopent yl |di gl yqi rhdh

(

et her.,,The resul [S : I ra 'ﬁP—C—‘rZ;q—'I‘Z" Bl Tpbl e
5. Co a-soh fa(ﬁ‘gq/ ﬁ%l)nnc fa) r m \Mi4g$¥ nnnyvy':

addi tion [RMAM eqli v@lent [ epo&ly/t ert128r QI7TAMENF Rdsi 16y

wit hout ¢ mefizéd an{ ne, 4Res{n>BOh *15.50BACAHB 4 <6B

Tet r abut y| m | bi &&r bopat e%3ni (& 1%h¢ U9 AddBd Epo'slg/
Knoop sblar Perigi I - it ch '&%ég?: T};;d@/ ¢qvd. leqvd

17day DMAM 1 17°8ay | Si20 )11'?8 Ir:'| 1da'2'3 rday
17day  |ten %ft_ Ac XY T 20H e Nong®®| 0.3
1.0 1.4 2B sélubl £ A1 ubl e'Fa\y 5 1 Rone ":)nl D

2.7 3.5 | ek w2 <PB 4 568 127sA| TEDA/16

10~ 2 O4@pa5. 6| 665 |F o3 6B\ e, |A TEDA 300

20 A+@oa8.0| 84 |[F & 6Bt Mader |A {TEDA gy

20 1. 7%&DAS8. 0| 10.42 F 126 <6B| 161-266 Mygel. BO <6B
DVAM 10 H TENane 21 Nesne | Osb |[lade-456. 6 1.99B| 836 F Sql ukbe
'<g:3Ub|§ Iy 9“155’@%3597‘?’59"”“"°°p°'%°'§ amite. ") 0" "9 0115  F B<6B
<6B rRMABMATEDA/2% 21 P5>120 | @0481528.]20B2. | 1143F| H <GB

2B None 40 (B) = Blrstered ( = WInKlred WTn the AAEM TEST N

having no crepalws®e oA} dmndieSs mhtMavea Baiy\ald &P\pé}gble-rlg%eaggonm gave better
45 fi |0 pr ome lekpeRmerit lsughéstél iiSiort theiBestl Edafdinglion RE pat lifel &Ry SRS BNd hiRte Rbperties a

ni t r ogen conditatidres rEPA QIEI6dsirgsidipveicing/bitidity biiResi® Pidlonéd, | On of copol yneri zed
tertiary am ne and TEDA. EXAMPLE 11 - Heat Aging of TEDA with AAEM

Copol yneEXS@PLE 10l-rExgaimantiCorhpdriy Gombietiond 3f Tanthryl Alined U. S. Pat . 4, 408, 018,
reference is made to |l oss of crosslinking activity on agi ng strong base
cat al 8t s vinamel\ARkd ereparbd rweing fap diffgrent dpajrs ofateldledr AAEM  capdlymmirc aith (3ad kwityeut
st abi | i t yoroly@erizeda@ine:i on. |t has been shown in the preceding exanpl es t hat
with triethyl enedi am ne plus epoxy one can achi eve speed of cure needed for
ani ent cure coat | P@EMassh AM | Bo BRADOIMMA 881Styi@he 40 AAEM.

AAEM resin B: | 20 BMA/ 15 MMA/ 20 Styrene/ 40 AAEM/ 5 DMAEMA.

The crosslinker was a polyester made from (mole ratios) : 7.35 Neopentyl Glycol/ 1.0 Isophthalic Acid/

1.0 Terephthalic Acid/ 4.0 Maleic Anhydride// 2.0 Diethyl Fumarate. The crosslinker was used at a level

giving one equivalent of C=C/acetoacetate (a weight ratio of about 67.5/32.5 AAEM copolymer/polyester

45 solids). Films were drawn with a number of combinations of amine components, with the epoxy level

adjusted to give one epoxy equivalent/equivalent of amine nitrogen except in one case with tertiary amine in

the polymer and no added amine. Films were drawn as in the above experiments. The epoxy was neopentyl
diglycidy! ether. The results are shown in Table 5.
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triethyl enediam ne and other tertiary am nes one can achieve this in

conbi nation with good pot life and film55 properties. A heat stability
test was conducted to determ nepi¢3zg@amosslinking activity was stable.

The AAEM copol yner and crosslinker were: 50 IBMWA/ 10 Styrene/ 40 AAEM and 5
Diethyl Fumarate/ 4 2- nethyl, 2-propyl, 1,3-propanediol. Cear enanels
wth a L1 ratioof C = (‘la,c_e_t_g,ac_e_t_at_e_mtg used.  Mxtures aof TEDA and AAEM
¢opol yner heat aged at [err]..... for 10 days were conpared with freshly 16

EP O 326 1 pr ure nation with.cro Ilnker and epoxy
and corrpar %‘%o% of a ree&tl rre§'3% qﬁgn?ng&“edm *HP¥ns and

vi scosity progressﬂmttﬁn ahdnemsivalent epaxydtentiagy amne.ng activity was
observed when TEDA was heat-aged with the AAEM copol yner at |evels giving
21, 43,70r X mTl- Trequrvalents of nitrogen. 5 EXAVPLE IZ - Preparation of
Pigment Ginds for Deep-Tone Blue Paints. Pignment dispersions for the
pai nj s \r/]ve’FeApmmas'BdAi nimwwp@lyhﬁmedm.i Resito B hass&&dl'lmiml. pro;:egu/re,
usi Ng t hegf q?}c,'&f%ng anﬂﬁﬁ rans AAEM copol yner solids
34. 63 grans ht P%F%ééﬂ%gm ne ﬁde pi grrent ?BT-4170, DuPont)/ 85.37 grans
titani um di oxide (Ti-Pure R-960, DuPont)/ 200 grans xylene. The AAEM
copol yner s wainest ambout 60 percent solids in xylene, wth additional

0o’ coptd dﬁ%@%&%‘*&%ﬁ%m.son .nr%?’ﬁebﬁif"‘%ts #Qﬁ.n Based on

Conbi natRieam TYDRABITGVIEBRA arrd—15—AAEN DNASNEY BVA &5 S8y ner s w th TEDA
wi th Bi nder Basadogs. )AAEM MgaBMuiagoprdayrer and ggdacabut yglanmmediam
Carhonate, Using Fumarate Pol yester as Al kene Conponent. The AAEM
coW?ymrs were prepared W thout mercaptan chain transfer agent, with the
fol |l ow ng nonomer conpositi ons and nol ecul ar wei ghts (Mw~ M) indicated by

gel pernegt ighe Chr omat ogdrabhyg, 320, ,AEN3Copagy N"Ekoluible 43144 GW 40

BI\/A (My Mn. = 16, 700/ 66 pol yjrer 40 AA PI\/N 50
(MAI\M%"BAC%VBOOM i«éMA%Ep’o?c'g i é%BAAEM EE/II\/MAQ
(MAfT\/h A4 TBDB/¥550) . DB Thed.0ol5ést®7 vva§‘ pr ep6BeTkl <BBt heMddsirh ow. ng

nmole ratig onen td | | ol ropa 5 gl ycol /
2 mal ei c anw)ée/ 3 dlé(gt hylﬁéunipg?‘%;&yz (;p @ﬂlsﬂr bEBRAR e

cycl ohexafte Woxyl at 89 Thet-dol &Outr? wei ghts %w vn) ‘PRdi cMPF-by gel
per gpati on vyt ogr aphy were 9250/ 1750. The ratio of fumaric to nmaleic

i ndi cated by NVR was 87/13. 30 The paints were prepared by m xing

pi gnent grind, additional AAEM copol ynmer, polyester, xylene, and a silicone

leveling Bi d%0sF-1023, Wanfer £-5e1kdir}é CoB at SolublgeiSplublecBeass of

- bi nder sogi dgsabsRey5VEe azponogeReons pix urer Thegs TEDA @Bt et Mﬂdétt.yl
anmefi um te wa adde ints re 5 wei ent solids
~when conp et@gzlg)aconta 0929625& ﬁ'é Phtﬁkll\gl OC)§/§.I’]I ne B?u . 897 grans

titani um & CBEDBLS per 02@r amso.m nle 12.the TEDA W8B added®Bas aNQ'!P per cent

_ C%Btl on in nethyl ethyl 35 ketone. The tetrabutyl ammoni um bi carbonate
wa epar R% car bonati on of tetrabutyl anmoni um hydrox- ide in methanol,
and percent in nethanol (0.64 meg/ gram sol ution by

ti trat| o(m)).-mnmEBA | evel was 20 neqg/ 100 granms binder (1.1 weight
percent). The tetrabutyl anmoni um bi carbonate | evel was 7.5 neq/ 100 grans

bi nder. Tag tﬁe%l&?« RLin AN WG 9&9&%&%%3 J;.é/ %tc%mﬁa%d HSTEBR S, é?d lybag, 1 ol e
of gl kam JEQJné‘s 76&)@%@?% Libne a\%& n P RSB US| Ng AAEM copol ynmers F and
G the wang stﬁ rifes @bre Witk and@emihik g AbritbS ey ami adeit h a 0. 01 cm (4
m ) gate on phosphatized steel panel S (Bonderite 1000; Bonderite as a
t r ademaxkMRE 1PaHs& LinG BIOTEDA vith ASEM Bagt8hie: The pai nt with tetrabutyl ammoni um
bi carbonate gave a pale
60 In Column 4 (Examples 13 and 14) of U.S. Pat. 4,408,018, reference is made to loss of crossiinking
activity on aging strong base catalysts with AAEM copolymer for 10 days at 60°C (140°F), a typical
package stability test condition. It has been shown in the preceding examples that with friethylenediamine
plus spoxy one can achieve speed of cure needed for ambient cure coatings and with combinations of
tristhylenediamine and other tertiary amines one can achieve this in combination with good pot life and fiim
65 properties. A heat stability test was conducted to determine if the crosslinking activity was stable. The
AAEM copolymer and crosslinker were: 50 IBMA/ 10 Styrens/ 40 AAEM and 5 Diethyl Fumarate/ 4 2-
methyl, 2-prapyl, 1,3-propanediol. Clear enamels with a 1/1 ratio of C = C/acetoacetate were used. Mixtures
of TEDA and AAEM copolymer heat aged at 60°C (140°F) for 10 days were compared with freshly
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bl ue, indicating flocculation of pignent. The paint wth TEDA gave the
desi+ed deep-tone blue. Table 6 shows filmproperties after anbi ent aging.
Knoop and Penci| Hardness, -i-npackp oe2é seag¢e and 45, gl oss neasured with
the steel panels and volunetric swell ratio in butyI acetate neasured with
filmlifted fromthe glass panels. The swell ratio neasurenment was based on
i ncr eas @rdppred anbgiures by camBinatign pitle crosslifikef jahdnepary ang [chinpaijsoni of tadkeitey |imacastat e,

- cal dardease development ot fillse aedf vigdesity pragraseien of engmeis. P ldsel efccrepplinking: acivitygiasal

I engt h. obgpred whpn TEDADway wateged witmtheT ANENG cgpolymepyat, #veis igiving dnfihrdr S4nmibf

“acti vat iigqrivBlgnts eHYRERM 1 anmoni um 5 bi carbonat e and by
epoxi fmn W ester as_al kene conponent. 10 AAEM

C(F;p ol ynEEE)&KAELEa‘FQ/ reparaeion of ElgmBnt G¥m for EEananq;, qe Pa?ntsrrp H Additive

;ElDA K Egme t dis er;%'g‘%R%eBglaaH\?s were prepared in AAEM cop lymer solutions by a sanlaee 34
da e n%? rlEﬁ ratlo of materials: 1 g M ¢o olymer solids/ 34.63 g

ays 1o Phthal ne Blue | m WT-M uPont)/ 85379 mniq‘t %Q.XI (Ti-Pure R-960, Du

2.4 Pencig g ﬂ@ﬁ%ST Wore at about 80 perce Js | 2%9 Lladd?t@»tlél le 4/ 14
days added as required (to _?uv 2 , ased on the exact?sﬁ

80.5-103.5 : Direct rrpact] (| n- I b) at 14 days

(70-90) EXAMPLE 13 - Comparison 5DB|Z&))>a|31@ o BHIGEBLLD S TBibindlios 3 AAEM/GMA/BMA and

81. 2 15 AAEM/DMAPMA/BVBG CopomerkNvatha DEDAV @ithOBindey Battd) &l AAEMMMPABBIAL Capoilymbroald much
bett er devabutylammabiure fCaltanal) sisg BundratOPdiyestaras @lker®l CandonsneChani cal properti es
and solvent resistance wth excellent gloss, while the prefornmed strong
base act i VEtOAAEM wemlymarsgivara [preparsd] ikt meutamm chaint trangferi agent @ith dhedfoltowing
gl.oss. Tereomerebmpasitionsgnd mpleculsn weighid Gly/Nm indieglecibydelpeemaatidnl chomalogrephon. 40
E)chK/FllQE 14 - Conparison in Blue Paints of Binder Based on Conbi nation of
AAEM GV BVA [aReEV o b MR BNEENUGE GMAIGD BMAV T N [Rekfin' 18 voBieerdg!| Based on
AAEM MVAV BVA |GaseM gispelyman Gl [Tad ANty DRRPMA 5o BvAaa | ladvih & 10,6004@80)T NPACPA as
Al kene Conpor|emtEM ddpolymer HThe-M/mmA/mea Ver £ (¥w/M,= angdosssiedcri bed in

Exarrpl e 13 ile par TS~ WEeT e pl Eparedas uescr 'uc.l T tie 13, with
th 1l 5 V\,h h
Wag ;’25}’ ggﬁ&%agﬁe%% i {IIEE}SII fmé’fn%ﬁﬁ%? .ﬁﬁ%@b%‘?ﬂﬁe&q %%Eh %e t :,ife
gr oups. wﬁv/ o .na.&a&enﬁrgeu o foalcmfsﬁlataaa 3 e

The pai qgm%mnag‘; in@iid My NEDNMs @M ®1 car bonat e was pal e i ke in

precegi ng meadm{saverem@pa&albptm.mgtd‘gmwnmad.&hag.htzméo&oﬂ,&ﬁr, eI R xhbdéeaﬁdhan
50 the cosiNcosPRIING Bid 18H-1U23\GdnBraPBIbMRSEEY at (oD wdifht percent of binder solids to give a
homogeneous mixture. Then TEDA or tetrabutyl ammonium bicarbonate was added. All paints were 54.5
weight percent solids when complete and contained 0.364 grams Phthalocyanine Blue and 0.897 grams
titanium dioxide per 10 grams binder. The TEDA was added as a 15 percent solution in methyl ethyl
35 ketone. The tetrabutyl ammonium bicarbonate was prepared by carbonation of tetrabutylammonium hydrox-
ide in methanol, and was 19.4 weight percent in methanol (0.64 meg/gram solution by titration). The TEDA
level was 20 meg/100 grams binder (1.1 weight percent). The tetrabutylammonium bicarbonate level was
. 7.5 meg/100 grams binder. The ratio of AAEM copolymer/polyester solids was 2/1, giving 1 mole of
— alkene/mole of acetoacetate. With the system using AAEM copolymers F and G, the weight ratio of F/G was
4 11.
Paints were drawn with a 0.01 cm (4 mil) gate on phosphatized steel panels (Bonderite 1000; Bonderite
" as a frademark of Parker) and on glass panels. The paint with tetrabutylammonium bicarbonate gave a pale
blue, indicating flocculation of pigment. The paint with TEDA gave the desired deep-tone blue.
Table 6 shows film properties after ambient aging: Knoop and Pencil Hardness, impact resistance and
45 gloss measured with the steel panels and volumetric swell ratio in butyl acetate measured with film lifted
from the glass panels. The swell ratic measurement was based on increase in length of a 3 cm piece of film
on swelling with butyl acetate, and calculated as the cube of the swelled length divided by the original
length.
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EP 0 326 723 Bl Table 7. Bl ue paint conparison of activation by

tetrabutyl ammoni um 5 bi carbonate and by epoxide/tertiary
am ne wi th TMPACPA as al kene coEp®B2etr23 B9 AAEM Copol ymer

FIG (1/1) H Additive : TEDA
TBACARB 15 15 Bl ueness _ o Near |y

Pal e Deep—-Z-O_Knao.p_HaLdnpcq at. 1 .day . 4.1

A3 " "4 days - 7.2 1.8 14 days

10.0 ) PenC| |, Har dness, at 1/ 4/ 14 days :

F/ F/ Table 6. Bﬁ—ﬁﬁ‘ﬁﬁ EHPRTisen 9t agkivakion by ketrabutylammonium

1.417'1. 34 bmasmmtééhrﬂwﬁepeuﬁe!mamrﬂ amifekgithi polyBitedt agd 4 days
80.5-103.5 (70-90) aikene camponent:. >149.5 (130) 35 20 degree gloss at 14
days 82°9 79.1 The properties with

t et r abut yerreRt-bi-carbonate—activator were hetter with TVMPAOPA as al kene
conpgnent than with poI yester (Exanple 13), but the activator systemof the

i nventi OW% superiority ness devel opnent, sol vent
resi stance 0s$ and coI or. EXAMPLE Féa-azﬁ'gpar ation®of Ethyl hexyl
Ter mi nat Addis3 Y?ester C. A 1000 m. foufERfecked f| astBAMMARBpped with

t hernoneter, nitrogen sparge tube, overhead nechanical 45 stirrer and

Barrett P{Move a six inch Vigreux-colum was charged with 44.3 g.
t kisret hy[ol propane (0.33 nol), 103.1 gPRopentyl gl | (0.99 nol), 194.2
“g. maleic anhydr| de (1 98 nol) and 0.9 g triphenyl phosphite The resulting

M Xt ure KdopSkidrd nitrogen spa and heat t o approxi mately
[err] At this pqi nt aII g?yt he solids rr%lg&fed and an >?ot herm c reaction

raprdly increased the tbfp¥fature of thdSixture to }&r] Xyl ene was added
t hrough tHe condenser udt days he sol uti og,g ef | uxed viggrously at a pot 50
tenperature of [err] Refluxing at that tenperature was continued for two
hours during.which 18 m . of aqueous distillate was ¢collected in the
Barrgtt ‘m?g 1 Hapdnegs, ati ¢4 (ks daysen al | BARH t o st andBA/Br oom t enper at ur e
overnight. The follow ng day 130.2 g. 2-ethyl-i-hexanol (1.00 nol) and 1.8
g. dibutylf | added. The m e_was reheated, again under

nit rogen%lye h’ a%é%?%ng‘gfhﬁfserr] for %%rﬁ onal 8-9%2r® duri ng which tine
approxi mately 16.¢&m of wat er \/\/asocﬂaJ-Iog.;st echt D ~t80e5‘trap The course of

t he #5 pgasti Q%Fl,gerl ly re anpl es of the
reaction m xt u]?ga%‘ﬁg tfltlblr)gétﬁ"i?%-t emw ase to% ne t he amount of
unesterified acid renmaining. At the end of the reaction, the acid titer was
0. 027 ne?fl degrsle glosss®: A% dayki ds sol utign2 Proton Nl‘da,ghowed t he pol yester
had a 71 funmarate to 29 naleate nol ratio of isoners. Ml ecular weight as
det &fm ned by GPC was Mwv =12, 300, M =1250. 19 EP 0 326 723 Bl EXAWVPLE
16 - Prep QF Feyvatar W‘%Hr‘ﬁ%%"e"w‘r Afowa tresgh rbeueyeiste@pmmt of\ hgrOB@s mhd cdnoaines necked
f1 ask :Ep@a':'\ﬂﬁ'"f% p'é’P?'P%r%r?e't’@F resigiangegujisrexegient gloss. il the \peafdrmedistang r r er
and Ba Bt ve a&% hydngss jagd 29!V°e*rﬁ°f'§t?'3€° P r @?%awjm@eobamm bAseux
cond n& &t “EE @ ﬁtef AR 445.8 9. 5 neopentyl glycol (4.3 nols), 228.3

g. OT' TRERMBLECYE ! RBGEANG e Blicdb SR BP BN Hsedlor® conpiriOULY A e b e - d 1.6

AAEM/DMAPMA/BMA Copolymers with TEDA with Binder Based on AAEM/MMA/BMA Copolymer and
Tetrabutylammonium Carbonate, Using TMPAOPA as Alkene Component.

45 The AAEM copolymers were F, G, and H described in Example 13. The paints were proepared as
described in the Example 13, with the only difference being the ratio of AAEM polymer/alkene component,
which was 745/255, again giving a 1/1 mole ratio of alkene groups to acetoacetate groups.

Table 7 shows film properties obtained as described in Example 13. The paint with tetrabutylammonium

bicarbonate was pale like in the preceding example. The pamt with TEDA was sllghtly less deep a blue than
50 the corresponding paint with polyester.
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g. triphenyl phosphite. Steamwas turned on in the jacketed Vigreux, and
the m xture was stirred with a nitrogen sparge and heated to [err]. After
one ‘hour, the tenperature was:in@Eraszgizaasdi{err]. and held there for a
total of 4.5 hours during which time 95% of the theodretical weight of
distillate was col | ected. Actual weight |oss, as determ ned by weighing the
r eact i omrmrXtUTre-after—atrtrow-ng—t—toUToot—to-ToonTto—tenperature—was /6. 3

g_or 104.5% of the theoretical anmount. There was then added 268.7 g.

mel ei ¢ anhyiedr, (2piueBhint 8&fbaiiSorThk lattEviEion! B FatRsulg Pdnfhor\af "

ni trogen but w thout, steam.i nﬁ}dhgﬁj ack‘a(%e?j Vi greuX., Enough” xyl ene was added
t hrough the condens®cagRorats frgxidedteriiary ayng, B 3%f | ux at
a pot tenperature oalKemerdompbiedrituxi Nng was continued at that tenperature for
a total of 7 hours during which 58 m . of aqueous distillate was collected
and the ' 1 } =

reacti,pn m xture. The product was then diluted to approximately 70% solids
by addi ngaﬁ,ypgﬁgﬂg{,il the m xture ref a pot tgnperature of [err].
Proton NVR of pol yester showed an #’é&éqﬁg{ﬁml rati oﬁof 58 fumarate to 42
mal eat e. M@ItA¥R| ar wei ght as det er mi nedT} GPC was MRBBCARBAO, Mh = 2330.
EXAMPLE 17 - Preparation of Am . nated Pol yesters from Pol yester D. Pol yester
E. A ¥90Q. m . three-necked flask fitted with overhead_sfirrer and nitrogen
spay ge tgﬁﬁ"‘“ﬁi charged with 480 g. of d‘ﬁﬁ"’égster D whpﬁ# was stirred at
roomtenperature in a nitrogen atnosphebeepwhile 17.3 g. 3- 25

(di met hyl am no) propyl am ne was added. A mldly exotherm c reaction
occurred and a pale yell ow col or devel oped. Proton NVR showed the product

t o Wave KapcpsHamsinessatr dtday of 87 fumarat-d to 13 nal eds®. Pol yester F. 30
A 500 m . o hree-mecked i@k fitted withygverhead stifrgr and nitrogen
sparge tubg was charged ¥VI h 240 g. of Polyester D which was stirred at
roomtenperature in a nit r‘%ﬁ%n at m)sphel-%'ovvnile 7.9 g?- f bis((3-

di met hyl am no) propyl ami ne) was added. A pale yellow color devel oped.

Pr ot on NPQE %QE r o_have j somer nol of 65 fumarate to
35 nul eate. 2 0 ygsgtagrfjéﬁi% m . tHrée-necked f%tted wth
overhead stirrer and nitrogen sparge tube was charged with 102.3 g. of

Pol yest egad1 ,'C_l)' c,log%yg?%e{ﬁyr}g:s sti rred}m%gl?‘pi t_rogq_rjsgmggeat ed to [err]

and ags.4 g. t hyl am no) pro am ne was added. ‘After a ten
mnute hold at [errh-kge mixture \/\/59“:&1-hilugd to 40 >3WN-Go room
tenperatu{ﬁctThﬁpaca‘Rpﬁu%) %Sl@_kﬁg&lﬂ}’(‘?ﬂgb}r in co {rsnlajd;an Pol yesters E
and F. Proton NWR stowed an isomer no atio of 76 fumarate to 24 nul eate.
EXAMPLE 18 - Preparation of Trinethylol propane Tris(acetoacetate). 45 A
1000 r#5. 20 glegremglloss fatatk dayst ed with dBZBBhead stirr@d41 nitrogen sparge
tube, thernoneter and Barrett trap on top of a 15.24 cm (6") steam jacketed
Vi greux colum was charged with 134.2 g. trinmethyl ol propane gl.o mol ),
58%§ g. rreﬁhﬁﬁma'&‘é?t_U‘ﬁ‘c‘éi’?&t"é‘a’(‘ﬂ?@"‘?rﬁl"%'g?"a*e.a8t_“’ or yerp P@ﬁg‘%ﬂ A fealkan® 0. 8
g. i but GPEROASTH,thag owith Qg’ﬁﬁ?’\/\@aﬂﬁ A8 bYfhe fotiy jyé'@ etfelfe Wventian, Roal, §hopp e

T xtur RERSTREEA P PRIToGH 9NOPTIANy PMGE ST WO ROkt e, Vihen ¢ he pot

t enmper at. h Eér] aggl ! : illing rapidly fromthe
m xt ure. lé-@ﬁ—ﬁgﬁ&a% ‘?ﬂe L nof Etmﬁep ,B{%S%yg O of 50 mnutes to a nmaxi num
pot tenper af yoB nfif fodrfAbdbd fadREHIPedRRN IhBRTOmMBIBR hirdbn @P&lgd 16e, BVSriRAS mEBHahiYd
- acet 06 ekitef aVPBarb® FBY &idvd & EiR inciiligrdlk Eomniveks CRddd Hith 34.58) ridBindidrébare @BX1 MUM
pot tenpaiol 1088 Qfnebshiyl glyddl @.dd @bl), AOAN GE aleid UnflydRédd LEBL mNPEd30'E gtrigheny! 96%
of t heor phospnits. Tk lresalimymiiiufwadiiirie8 with b infrodenlsp@gh dnd hbaed 16 apl@skintitely 130 €.l S K
after codlid pnttad of GeMNBoliddNPEatiand @n exdiienit\VBsaiction NapitBdintryased e tbrijpetdtdrd bRthd ON.
Pr ot on Niv&usd @vusd® d.0QRn« samveiiai bioudhabe cbndenseérnintll ghieadoiution reffuxstiedigoydugin et a pot
adj acent tdnpersitecfi 1B vl Retiuxpy pytbat terapesaiures wast @ningedfpt twofhobrs idoring hwhicb 1B mbdne.
20 EP agueg@6distiide Bes EXANMPE i 19 Barplt dysar Hhel prtursf war fhere alleybd ftop stensiagieroom
Tri s( et hyampatatyreaavernightATheOGEpWiRD day Hid2- g @rekwti-Hexensk(109 Mo @ndnd -8 9. ¢ibuivitingrrde er |,
ni trogen wg‘ﬁeﬂ‘%@' T Wixiyfegwas repatod, agaip (Jg!e nigregen,And refluxed at 190°C. for an additional 8

hours during which time approximately 16.5 ml. of water was collected in the trap. The course of the

55 reaction was followed by periodically removing samples of the reaction mixture and titrating them with base

to determine the amount of unesterified acid remaining. At the end of the reaction, the acid titer was 0.027

meq/g. of the 88.5% solids solution. Proton NMR showed the polysster had a 71 fumarate to 29 maleate

mol ratio of isomers. Molecular weight as determined by GPC was Mw =12,300, Mn=1250.
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jacketed Vigreux with a Barrett trap on top was charged with 134.2 g.
trinet hyl ol propane (1.0 nol), 800.0 g. 5 di ethyl malonate (5.0 nmols), 1.0
g. triphenyl phosphite and 1. OEgoﬁsb;ég)gﬁl n oxide. Steamwas turned on in
t he condenser and heating was begun with a nitrogen sparge. The m xture

cl eared but becane cl oudy again at approximately 130 C. Wen the pot
terrperBXAMRtEneaen’aaaﬂatubeofrﬂydran Meambbtedd PgpastedDd.St i | | i ng fromthe m xture.
Heating was continued for a+total of 50 minutes with a nmaxi num pot

tenper at Ari@0ml. Eoerme]ckedabmm with artheap@hstechiteogeh SRge Sbe, civerhda Istirealash at e
was reRapldap Teivpef ahrbcndsix inth) snmm iackstefl dfidreut @ondengpi whs\charged WD 4858 go avoi d
cr ogs etoeantyl glveet ¥3rnaisy 2283 areimaiipd evslobayaned 4dicarbgx Gm"émmwdmd H

mat er | & pheny] phgsphite. teag) KHH@" an '"1‘0%)13‘*“9@“ Vigrews. and pyre WﬁséF"dado‘l’" o oduct
was 41%]tr °" fQ?W aB‘l' h?aﬁ’@f}s? ﬁ B'Ec Her Ope “"Ré@“’??@ﬁ’éq gisé'??feaﬁdtt?l zqon cb
struct u '

aht | t
it r ('?Ong em egra e:e P ?% Igg M Otf t refi 1] t rg'om TEDA
V\A'(;te:’] t% Eﬁp W QQEQL |lll’ I'? %%r It %ﬁt % z}j

dd B

ol ecul s po\/\ghg&;tu RP%héice, .%gn@se r&ndéﬁ o rtmrﬁ% e ks
usi ng ki dahil &%Jb@us’%Mt&W oNdERH 3nd Y acid titer of the mixture drop %xy mer |
40 AAENEm 2DrehdabAVnidd. PRV ItHGR RMItSATS bpproximatsly 70AFMlids Myle ufdVA. The

a_keneths aiaes Riixod\aca B kei@siaRlo 160 DYRSENNMARF b Pajer smwdaat iedmdpdpar ed
Si m | aratio/of 58 funiatayeas B2 maldde. Mileculd veigiitla€ détévinined BY GPE afd MNaE 3340,V 3380. "eke t he
pol yester was 20.4 neopentyl glycol/9.7 dinethyl

cycl ohBXAMRLE 1T a Ploparation bicAnSnatedPalyestars Eonh Pdiyestbe D. The equi val ent wei ght was
43*5—4@ ans/ al kene group. Gel perneation chromatograph indicated Mv = 7700,
M = 2Poh@steThe ratio of AAEM.copol ymer to pol yester was 40/60, giving nore
econom cal but softer bi nders than illustrated in precedi ng exanples. The

corrparl s n én1°89 F'E?%'Peﬁ'@H flasl gy withverhaadstiegs Aed niRgen sra(ee 1“9%1’{"?%??3@6" WS with

Iy ter tiry t 400 tﬁwgqrﬁtprg_ m é)(‘ﬁ" neat ga 3-
G P clomy E @ng{; s ey gbfh‘?é"ef’%\'ﬁ’ ion %ZE %g,@ SR 1o be
furt hef®" ar gt ﬁ“°é’ gt"%"ﬁ’i’ fdipee ?'Hs@mgb% fat 6’81 yner J,

whi ch d at a 1/1 ratlo wi t h copol yner I (both then at 20 percent of
total bin er The strong bases were tetrabutyl anmoni um bi car bonate and

t et Lanet Rygop Hﬂ“‘MréH AbBkeR NG AR ViathGvertiah BiirdP ardl iR §8n S arh bR RR&SddOhn Rho

et hangl di @oigédted 1D WHich- wabRBrrddCdt ratatiodhbtaXNB M 41 Arbioh atniSpaleSwii® 7.91g. BiNbis((3-

i Nt 1 odemeElyERGprEPY NG wab Bddad.LASaIEDFEIGH: colds eveldPed. Blofor M 3HoRALENS PoliRt WaS
eval uatotevelmtidomed rd rdtib of 65 firhaiatenorssimaael and al so wi th additi onal nethanol
added to give the sane level as with tetrabutylanmonium To test early cure -
and ssvaPalyestee@. st ance, pieces of the panels were exposed in a O evel and
Condensi ng (QCT) cabinet with the paint exposed to water vapor at [err]

( 120 degiAc¥g i) theeatocker flgsh diltesh with ayprhead cstipeirand nitrGgen spasgetibe wasaehiiged with

.condi tFQ?ﬁsa offRelyleterdD. ghe/rolyopier i stireed uedsy hitragen mme@‘?@mdp@/é%a@l oh49.I9Ekir e and
af r [agninolpropy amine \Ag [agded- %hﬂ@'i‘s’l“ﬂ‘ﬁe Bl POP T C. dhpimidiuite; wag aliwe e st er s
devé? offedtoderT i# "%f M8 U}‘sepmdf’ﬁ’e‘”aéf%@ F*Ekef 7 qoloe then, Belyssters afdFe frolpn(NMR 1 day
of anbPeHed T FACLRY Hig Lt Efupgpte ¥ ®aThe | evel of methanol (MeOH) shown

IS wei gXAMFR.Er Eep arationi of Ttimeth Iolproga g;taQe)326 723 Bl Tabl e 8 Hardness
conpar +5ers—o —@&mﬁe@&—é———»&m Epoxy

Add'é I V€ A 1000 mi, }oumg ﬂla_ﬁrfﬂébe\ﬁiﬁ ov rhead Pﬁ'l%?' ltr afeWspJé;e tube, thermometer and Ba;wtp e
Meq/ 1 QfCn top of 21824 cril @*Fsteam j;(!kéé charged with 13%.2 g. trimethyid¥itogale |
TEDA (1.0_mol), 580 ¢2§ methyl acetoa&ta'iy (1') {& bﬁte‘]and 0.8 g. dibutyltin dxidb.
None SteﬁVdﬁA&Bed on in the jacildled Vigreux and fle ﬂ)&fﬁ%& sﬁ'red with 8 BitrBjeR/sparge and heated.
When the pot temperature reached 142° C. methanol began distilling rapidly from the mixture. Heating was
s§0 continued for a total of 50 minutes to a maximum pot temperature of 185° C. Vacuum was then applied
and the excess methyl acetoacetate was removed first at 20 mm. Hg then at 1 mm. Hg with a maximum pot
temperature of 180° C. Yield of orange liquid product was 372.4 g., 96% of theory. A small amount of white
solid formed in the sides of the flask after cooling to room temperature. This was removed by gravity

filration. Proton NMR showed 100% conversion based on integration of methylene adjacent to esterified
56 oxygen relative to methyl of trimethylolpropane.
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10 3 2.6 ‘None  TMGCARB 15

0.6/0.8/0.8 3B/B/B/'B J -0 6pct Epon TEDA 28
0.5/2.6/4.0 3B/B/B/F J - - EP 0 326 929)B1 None - TBACARB 10
. 0.4/0.6/0.6 5B/ 2B/ B/ B J 15.0 None TBACARB 15

0.5/0.6/0.7 3B/B/B/B J _ 10.0 None TMGCARB 10
0. 4/ 0. 7/5¥AMPLE 19 -FegrRfatyn®f Tehnethylolproparnp Tris(ethylmalonatd)5 . None TMGCARB
15 0.6/0.8/0.8 3B/'B/ B/ B Tabl e 9 Condensing cabinet results for
Exanpl e 20A 1008k fpmnyq;{gqi flasfv@@gq with th ter, mtrogen sparge e pRd; /1524 cm (6") stegm
Degr ee @c@%d Vigroux with asq? épp was Wﬁqe q134 agbfrme@ylolpromnp 410 molgisgqip 9.
Densi fy d?g\yl malonate (5.0 mols), 1 0 q rphenyl phosp ite and 1.0 g. dibutyltin oxide. Steam was turned on in
( ASTM jl)el condenser and eatmg wamm |th a en sparge. The mixtyre cleared ame clo
M oro t approxumate y 110 en tR%B oé temp?r Ie_?Lg)hed 160° ethirBI began u?g gom 9 6

a@zr Heating w tmue o5 with aximum~pot temper, of 180

m was then ed and iothyl

as re . Temperature od to
= ? 81 3

3 S 10 Da to 100°C, to i/md crossestenflc tion rea ief? Bou high molecular wei maten
9.5 Finél strippin@wals at 100* C. withlOmi3, Hg. YeWS‘roductT\ﬁl% I586% of theory)lgroton NMR
68.0 Msfstent wnth@lejproposed structube?- O

56. 4 Mcro 10.0 None TNGCARB 10 70. 7
9.3 EXAMPLE Bb JDlrect Gomparisdd ofEpoxy/AntW@ad PrefovhédABlibng Base Activafbbs Using the Same8
13.9 15 AXEM CopolymBlvith BoBCACUVaEIoT: Britic DENORSIEIoISE Advastaded iroVesSResE MRl OWMIMETEDAA S
nuch betwhen theEpdxy Somprmbre [oscy AAEAWGINA Sopolymaniatier Thaa BawoMoietias WeghtEpoadse. The
best gloss retention and blister resistance in the O eveland Condensi ng
Cabi net waBlus\pairits weepraaredy dessrired fabavhausing: the frlipwing ANEMgpaiiers: n an AAEM
copol ymer as epoxy. Methanol contributes to gloss with strong base

~acH VBt or, but gl 0ss [ RaEm bJ,dc,,yp.g,qr ACAAEMIBY BVMABHOIMAEMAS | 9i ves very poor
wat er resistance, wt hARm cmhyrﬁavmmém/u@mwgmmﬂl [ st ering is less

severe, but Sti |1 very—bad—when IELH rs—trset—wtr— oW 1D ecul ar wei ght

€epoxy resi i s tho t ha ter e3| tan s rel

EE IRt vie e st e SRR
driving ?;',(egfo mgtﬁaﬁm d a@id or e?’ll ﬁ%gﬁﬁ Elue

Pai Nt EVal Hatratibs Rhe tcB%eBﬁw%ly@Qér'%@-Wé&ﬁ gi',ﬁ% m%lel ssbrPhiclasit Sdieifiedithdd an
AAEM Co bt in pRkcodindNdxarhblés The \BdnparisoR) opveidimial i sérd dabi arldSepBxylaivitid| R0ation t he
Pri or soArvias @ite RAEW cblyerNTiLepoOwas a cofleftiaberéRpIB oPbigReHorAl dRRéldyl 6hbrgEpaAS 1 N

t he pr emezglisagl).conaRpérepogiaRp systdiaiasith Be HAEN confialed With a steRO&ictd thelepdrswas0
AAEM  55roinBMEM Sop@frgerainehichl¥rsusevhat adionetid withs@polyrfier § kbethsthancat @0 barsent afatbtatl y St S
wer e norbindesdt er resistant in a polyner without ami ne. Table 10 shows the
resul ts. S5Bw2skrong basps Gerg Aetrap@@armmoniugh picarticpativpd teiremesimdguasfidint biesrgnaie hoth

cat al streeppied Ry sgp@EetionAEmebala spienspBleyietebidylanyhaniviy bigadio man 15@39 ‘PPér 5
conposi thehmatanapivrthespsing, Bﬂ/melta‘@ms’ﬂ‘ylal@ﬁ@"e B%@'a'uated both withy

Knoop .and _:Flsct)f g@;@glponal metha;\?ol lge;;dgg % gl;ee (t:i;e s::me Ievelels ]Ner u ammorluet",!l?r d nes S ng 9
' 1 7/ 14 N '/e Mg “13 r resista 16ces w T %@E@
/ / d8 cabm w oxp osed Byvgfrlsyapor 20 grees cksude ?’aﬁ}GCARB
10 40 ey sed 1%9 % it ns T ness result able 9 glves s before after
: Sure B onde ratlng ﬁéﬁ vel osufe. The
TNGACET’% :%sure e cabinet started after 1 d cure” r 3 d %\; %f &tanol

(MeOH) shown is weight percent of binder.
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DBUCARB 2.

D 15
7-9-

‘DBUCARB

D DBUAcet at e
day. D = dense As shown by 'the gloss and blister results,
activators TMG and DBU gi ve poorer water

0.4/1. 0/1 4

10 4B/B/B 73 10
3.3 15 . 0.5/1.1/1.3 3B/B/B 67 12
3.3 Epol{zemm -/0.7/1.4 -/6B/5B Tack

9

y at 1

t he organi c base
resi stance than tetrabutyl ammoni um

hydroxi de, even with a polymer syst®he®hat does not have am ne, further
distinguishing preferred epoxy/am ne activator systens fromactivators

t aught] by Bri ndkopke et aha,d,ggscogégjygﬂsﬁm%gamp,e@oue ‘Parnt Conpari1son pf a
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nol @s |of mal ei c 4 umAthteads of 9. To.608/68 IeBB/mhyjri de.
The percent—of—ttre—umnsaturattonr—present T thersomertzed—(furarate) form
in the final polyesters was 53 for Pol yester | and 75 for Polyester L. GPC
of polyester L indicated Mv = 13, 40f) 3720. Pignent dispersions

prepared as descri bed above were co

rﬁt)’l ned

With

addi t | onal

AAEM copol yrer,

X e ; di am ne
as a sJ)I uti on i n nethyl e?m?"s'n@cabwe&w@femmyr"%m pol yester to givd paints
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ol yester solids n ere t—HbA L AL 0 .
grans 45 Tybeyr_ |y Mpd1pdg |  Bofo Atter | "Sizo | Degsl gr anms
Xy| &ne 10. 0 granms Pht hl ocyar]i ne Bl e (ASTM) 0. 364
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(Phosphate pretrg Pagker )| prat rpadgdnty . The
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of co [ | fiseower ¢ 3B/ 1f bd-2nd by vei ght
of bs a TS The AAREN COpOl yrrer olids
were a . , , Jf t he
f| | ms. Tabl e 11 Oorrparl son ‘of unnodified and anmine or acryl ate nmodi fi ed
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The hardness develo,

| d\eﬁt i base. Jkhp bpst gloss retention” and by

nj, §ag @Eeh bRitpr With\zing/epeRYOF

ng GMA in an AAEM co
t Oqloss is still. poor. Tetramet
li ermg Blistering is less severe,

t still very

Ban wilfh grefprmed otroRgs t er

ister resistance in the Cleveland Copgensmg Cab et

8r as epoxy. Maﬁ%nol co
uanldine gives %ry poor wa

ba when TED

was with the

g@ss Yilhi ne

, with
is used Wi h low

>75

molecular weight epoxy resin. It is thought that blister resistance is related to low molecular weight water
sensitive moieties that are osmotically active. High molecular weight water sensitive materials provide much
less osmotic driving force for accumulation of water under the film.

EXAMPLE 21 - Blue Paint Evaluation of Strong Base Activators for Blister Resistance with an AAEM

Copolymer not Containing Amine to Show Blistering is a Problem in the Prior Art even without Amine.

Paints were prepared and tested as in the preceding example, except that the AAEM polymer
composition was 40 AAEM/ 55 IBMA/ 5 Styrene. This was done to see if the sirong base catalysts were
more water resistant in a polymer without amine. Table 10 shows the resuilts.
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gl oss reflrtdens? of the acrylate and am ne nodified pol yesters in the

~critical test Tor humdity resistance at one day of anbient cure. 45

E °E 23as shBlvivBy Raigidks 4na B k3QIR, 186 orfaicyiRes StivatddI TG aRODBUS fiOpobREWRGST N
Level s QésididvbPthan Sitrdislyylddimobiimagtirotide, Bikmxwith L paymenisidterdVirai fidee GiotHaivy @mingr S.
pol yest durthgRiMtipgashiag pislorrsd dphxyidiineativetoCsysiprosirdm attivaiss tilipht hy@riniopke2 abut
with | ower nol ecul ar wei ght (Mv=3730, Mh=1930) was reacted with DMAPA usi ng

1, 2, 253 EXAMPYUE 28 |- RlusoPaiDidMpariser of 24) Pdyester Similar to that Used in Example 20 with Amine
Modified, Acrylate Modified, and Higher Fumarate Variants.

A

Polyester | was prepared by the same procedure and with the same raw materials as Polyester H of
Example 20. The molecular weights indicated by GLC were Mw = 9940, Mn = 2820. Polyester J was
prepared by addition, at room temperature, of DMAPA to Polyester | in the ratio of of 1 mole of DMAPA per
20.4 NPG. Polyester K was prepared by reaction of Polyester | with 2 moles of the adduct between
isophorone diisocyanate and hydroxyethyl acrylate per 20.4 NPG. The molecular weights were Mw = 9310,
Mn = 1790.

Polyester L was prepared similarly to Polyester | except that 4.85 moles of fumaric acid and 4.85 moles
of maleic anhydride were used instead of 9.7 moles maleic anhydride. The percent of the unsaturation
prasent in the isomerized (fumarate) form in the final polyesters was 53 for Polyester [ and 75 for Polyester
L. GPC of polyester L indicated Mw = 13,400, Mn = 3720,

Pigment dispersions prepared as described above were combined with additional AAEM copolymer,
xylene, a silicone flow aid (SF-1023, General Electric), triethylenediamine as a solution in methyl ethyl

30

35

~ © ketone (MEK) and polyestsr to give paints with the following composition:
Total AAEM copolymer solids 4.0 grams
Polyester solids ‘6.0 grams
15 wt. percent DABCO in MEK 0.8 grams
45 SF-1023 0.01 grams
Xylene 10.0 grams
Phthalocyanine Blue 0.364 grams
Titanium Dioxide 0.897 grams

80 The paints were drawn with a block having a 0.018 cm (7 mil) gate on cold rolled steel panels

(Phosphate pretreated using Bonderite 1000 (Parker) pretreatment).
The compositions of the AAEM copolymers used were:

55 Copolymer J: | 40 AAEM/50 -BMA/ 10 DMAEMA. | (Mw/Mn = 15,600/5900) :
Copolymer I: 40 AAEM/ 40 i-BMA/ 20 GMA. (Mw/Mn = 14,600/7380)
Copolymer K: | 40 AAEM/ 50 n<BMA/ 10 GMA. (Mw/Mn = 19,600/8880).
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- 50 noles of NPG (polyesters N, O, P, and Q) A pignent dispersion was
prepared as described in Exanple 22, using an AAEM copol yner with
conposi tion 40 AAEM 55 | BV, -gEp &zé 231 Thi s di sperS| on was used with the
same AAEM copol ymer to make paints with the following conposition: 55 25
EP 0 326 723 B1 Total AAEM copol yner solids 3.4 granms Pol yester solids
6. 0 gr arne ofgpseh of3@Bparison paints the AAEM copolym@r ®lidsy wee @ 1/3) bignd bySreight of3 apddrer al
El. ect anatheCset pf comp@isarl paintatig A}@M sepelymer solids were all from K. Tables 111qpd 32 gﬁao&rﬁgy

t halresu{sdiemrasal@itioreof the films. 0. 364 grans Titani um Di oxi de
0. 897 grans 10 The paints were drawn with a bl ock having a 0.018 cm (7
mlj gate on cold rolled steel panels (Phosphate pretreated using Bonderite
1000 (Parkery—pretreatment) . Tables 1 3—amt—tZ—show key-Tesutts from
eval uation of the filns. Note the inproved cure as neasured by hardness and
resi st arfiable dlhuniComayisen afnemddsfiet amdyafine mromreylage madifiei es of
DVAPA/ aver age pol yosje8ter8llstad himm @ipdidss LQps J.n aci d resistance going
frofhtwo to three nol es of DVAPA/ aver age 15 nol ecule. Note that with the
hi gher |evets—of—amme—tte—Ture Tproves—wtirtte—trgher—tevet of epoxy

resin. Table 13 20 Conmpari son of pol yesters using binder
conmposi piquyotwdEpon 828/ 1Pol yest ey 34/ @& 60. JPol yester
| degt i fi @RiyedBar Modification None Noke  Herylate Pamine Q Mol es

PA/ 20.E§ NE , 763 4 25
%op Har dness /g?leﬁa ratlf’ Anbi ent Ocrr'e —..éc—d —&—8 —11-5% 1.7 1.8 3

days 1.4 2.7 47 3.0 14 days?4” 1.7 B3 6@1&4717250033 after OCT

exposur e Koborf Handnesspgsbaysat 1 37 71 62 49 day anbi ent cure:
SO0 of ABE&I durbar dngsgyof wet fg hm fr ogsQCT tegsg 0.4 6B 5B
5B <6B Penci| Hardness at Days of Anbient Cure 1 day 6B B HB
HB 3 days 2B B HB HB 14 days B HB HB - B 35
Penci | hardness after 303&te pat ®®test 10 1.2 58 <6B <6B
w th 10% aqueous acetic acid (14 days cure): 40 .45 50 55 26 EP 0 326 723
B1 * 7days 1.3 1.5 2.0 2.3

18 days 2.6 2.6 2.8 3.4

30
Percent of original gloss

retained for 1 day ambient
aged film exposed to high

35 humidity in QCT chamber: 88 88 94 93
_ Blistering in QCT chamber: M oM M 9MD
{
N’

40

45

50

55
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Tabl e 14 Conparison of polyesters using binder conposition AAEM pol yner/
Epon 828/ Polyester = 33/ 8.7/ 58.3. ‘Polyester ldentification.

0. P Q5 Mol gp oDB\R24 B89. 4 NPG

2 3 4 Knoop Hardness at Days of Anbient Cure 1 day 1.4
2.1 2.5 Shown: 3 days 2.6 7.3 8.5 10

17 days. 3.6 5.1 4.6 G oss after QCT exposure of film exposed at 1

3 36 52 day arrbl ent cure Pencil hardness. of wet filmfrom QCT
test: Penci| Hardness at Days of
Abi ent Taeel2: %Eirsm 2 ‘Emdlflﬁé and amig or ggyglate mdifiedn HB 14
days ° HB HBblyestersBufRic AR aosilgmer .t er 30 minute patch test

5B <6B <6B 20 wi th 10% aqueous acetic acid (14 days cure):

EXAVPL E—24—#cceterating—E-f-ect—of—Fhenets—ane—Aeehots—Blue—paint s were
prepared as described in Exanple 23, using the sane AAEM copol yner and the

0.6 g;aagallygy@r Q(ﬁe,@ggiba&ig_gn(EPO\l 828 isja traderigrk of Spell) (jbi nder
conposi ti o E‘Pé:‘cfgrc% ner/ Epon 828/ Pol yest er 4/ 6/ 60) The pol yester was
r

a repedioyP 19| yester E (t ary a¥em @Cmefrd’mine

bi s-di mmh;thtaamabeaneopadmm ne), with fusgrate/ maplseathg by ,hMyR = 69/ 31

and nol ecul ar wei ghts estimted by gel Q;rmeatl hromat ogr ap of Mv =

9370, 1svh = 2900. One paint was prepared W t hout “dddi lagB'ﬁ% addi‘®Pves, the

other paints with 4 weight percent para-t-butyl phenol based on binder

sol i ds, grtobuMtin¥éd BeUlaydse of -2-et hyl hexanol or capryl alcohol at 20

Wel ght rcent on bi nder sol ds and with or without 0.4 weight percent TEDA
o‘%ew SHStds. Tabledd® shows fefe and OrPscositdr Sprogr edston for
f?al nts with or without p-t-butylphenol and the effect of using TEDA

and/ or octyl al cohols (2- et@é%?gxyl or cgpryl) th t he enol

2- Et hyl hexanol shortened the e to pa§s vvater pott| nb but alls%

shortened pot life and increased paint viscosity. It is clear that the

phenoL5 gave a dranatic inprpyggent in yige to pags watef gpot. Wgh 4 wt.

pct. phenol, OA wt. pct. TEDA gave some further i nprovenent in cure speed,

whi | e shortenl ng pot-life but still allowng 6.5 hours to doubling of

viscosity with this paint.1duyusther banefit wik.a 2- et hylshexanoB.seen here

was i nproved resistance to blistering in high humdity. 40 45 50 55 27

EP 0 @26 723 Bl Table 15 Effects of phenol, octyl al cohol and TEDA on cure

of bl uePg¥aenk £f original gloss Sanpl e 1 -2
. rekained wheni day arbidhtAl cohol None Et hH
_Capr a% Fllm whone toFP} gE But yl phenol None 4pct
4pct ct TEDA ' None None
None 35 hunddity in. gJitthamberdpct 10 62 Ear |36 Cure P®bpertie92
Blistering in QCT chamber: 9M 9M 9M 9D
40

Note the superior cure of the amine-modified polyester indicated by improved hardness and the
improved gloss retention of the acrylate and amine modified polyesters in the critical test for humidity
resistance at one day of ambient cure.

45 EXAMPLE 23 - Blue Paint Comparisc’m of Polyesters Modified Using Increasing Levels of DMAPA, Study
of Effect of Epoxy Level with Modified Polyesters.

A polyester (Polyesier M) with the same composition as the Example 22 but with lower molecular
weight (Mw =3730, Mn=1930) was reacted with DMAPA using 1, 2, 3, or 4 moles of DMAPA per 20.4
s0 moles of NPG (polyesters N, O, P, and Q)
A pigment dispersion was prepared as described in Example 22, using an AAEM copolymer with
composition 40 AAEM/ 55 IBMA/ 5 Styrene. This dispersion was used wuth the same AAEM copolymer to
make paints with the following composition: . ,
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Vi scosity 10 ninutes 62 124 114 72

74 . 114 150 m nutes 56 116 116 68

76 - 130 330 m nutes EP0326723 B1 58 _140 136 76

146 >1000 Tack Free (Hr) Zero Gram - 5-6 6-6.5

4-5.5 4-5.5 3-4 3-4 500 Gram 8-9 7-7.5

8-9 6-7.5 6-7 V tPass (Hr):

12,19 4-5 5-7 ;2:3; % cgﬁHymer s%'dg %Egragpv Iim Properties (13 days

anbi ent cure) 25 Eponﬁb Har dness 0.6 or 0.9 grams 5.1 2.8

2.5 3.0 3.6 SF-1023'2(G%mJD 4 Bloktic &6 iN€861 grams HB B

B & HB HB Xylene B Bl i ster aftef 10.0grams Mod. None

Few Mod.  Dense | phihalodNaif Bludays HI Oh e gebindsy Mcro

Mcro  Mcro Mc ortaﬁmEW)M%LE 25 femw@f»anigol yester Type on Cure

and \Wat er Resi st ance wrth—Ydse—of a vt : of T.:DA and Bi s- DVAPA as Ami nes.

Pi gent Spgré'w%”sdr‘é’v%e i exc'md&u cHécP 2ol ﬂrIE”t

usi i ﬁei‘gﬁa@e bl bt Hérﬁ Jiis} rs as "ve AAEM

copol'y Ldsu? QG 2S
o és.etanca % &sraaﬁ ik M aa tp%o @5@

initi agphara\jsg

monone E,g,yes{g

RoBRAO RS e QB3RQS lakib Q&ls’/éﬁ&

tl’B

APAILve %ﬁgﬁ

esf

COPQ Y iBibcule. NS BRAWIR GheVHighbr 1Svel oP Skt oure ,m;stoyés vmﬁrumﬁgaartué'veu dashxMasi. 9, 960,

=

2760. AAEM copol yner
had Mv = 20, 700, M

M

prepared with 4.5 percent t-butyl
6910. 40

per oct oat e,

Tdln8s were prepared with 4.29 grans
titani um di oxi de and 10 grams of bi nder,

with the binder solids being AAEM

(279)

50

65
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Pol yner/ P BWB/ 1.5/ 2.
Th\e4'tpol yest Iggg@ﬂv\'ggr"leof d@ﬂm 'e%Wgﬁm gégg? RR%MFO"Wex/EI&? arm nated,| Mv Mh =
12, 300/ 125( -P-glgtes.t l?: 8N/ 2 D204/ 9.7
MAnh, 9710 1@0@?‘9f5@l'ﬁ18?t'°hédroxyl termnated. 4% N | B ye%t br &5:1 6.7
NPG 1. 42 E)ZMSPW%&HP 6730/ 2290, 55445, hydrdxyl 2 ¢rn? nat .| Pol yest er
T: 4. 44 NP khodplHdrdad8d%t Baye of Adidnt €90/ 17GQhay 52/ ¢8| Ny draxy| f4.erm nated.
Pol yester {: 4.44 NPG 1.11 ED204/6.55 7 4 bat !
term nated{ Pol yester. V. 4.44 NPEF 1. 11 X 1120, 12/ 88,
met hyl ter PE 72} 0O Acetic
Anhydri de, %2%{? ﬁ?@gaﬂﬁ‘ce Dsiﬁagl i pts were drawn
th,a 0.0 néysﬁawe%mm%m%phat belgg(Bonder i te

1000 Bond\"Lﬂ +s—a—tr-aderar Rardet e+mned as
described i|rPerglidfegessat '&"Ha°f1‘°7“b'a553% 5 WBskosity
progressionf, water spot test for early B etE cure

- hardness ag_a function of 5 yirer| mol ecul ar
wei ght and | prehgligatdesss tijg 80 mBAlYPAtEh test AAE P 1&6BVN VI SC 8
HR withAT & Rqueousideblic pdid (1I3I‘d€1s d?@LY R
SPOT —DA- 14 DA T ' 162 ( 162) . 274

8 5.2 HB



2 L C .106 (106) . 356 (356) >9Sldul |~ 4.1

HB 10 - 3 M C . 156 (156)  .266 (266)

>9St dul | 5.3 HB 4  Epblaze72aB1 S .190 (190) 414
(414) 7-8 5.5 %  HB 5 M i T . 156 (156)
. 264 (264) 9+ 7.3 HB 6 M U . 106

(106) . 166 \Y
102 (102) T(aqu?a (Eoirg)ﬂgo%{@yﬁters ;ss‘f:rg éll’;d 8 %sgoﬁltlo%M po'l\f'mer/ ER}T" 828/ W
.128 (128) SC12 MN—ICl

vi scosity at Polypsterddeatiicaten er ni xi ng, [er ] (cps) 9 4C & HR 9al viscosity
at 8 hours af tMAlesPMAPAROANBE 1 (cps). WATER SPOT:| H8urls fo ho %adk on film
when a drop ¢fkndéptHRFdnbss abibdy®vethiicat Cliryy on(t hedali | M1 Alriang RO2si ndi cates
the filmis n@howatosslinked. A slight dullling indjcatds sighificdnt
crosslinking{ but not enough to pass the {estdayKHN 28! |DA7.3 Kho@p Har dness at
14 days anbi ¢nt cure. PNCL 14 DA: Penci| Hartdagss| 36 14 slayp aebilent cure.

25 Table 17 8 ) = el Fymer Feggra ST @yt |and
T

pol yester typ %"’szv,:mlgf"p?é o P e AEM® |POIYERTER 1
DAY AMBI ENT i hardness of wot firh 1B GO ENT | CURE PALYER [65 7] GbO$S
BLI STER [ gF SHR—35 QCT
3 DAYs 3 Pﬁncul@rﬁness atSquqf Amblent CU? DAY 1 1 day LB HB #B
82,2 4.0 OMD  82.2 60. 0 1233”7- OD"2 :g LH: C
81.0 73.5 MCFM 82.3  81.0 ayoM 3 M C
83. 6 T Pebcil hardndsh affelv/BO 1Bibut® patch 8. O OFV @) | <6B §I <6B M

80 .with 10% aqueod &c@ic acid @Bdays cure83} 0 61l 7 5-Y¥D 5 M
T ~ 825 65. 0 7-9D 83. I 56. 7 5-/D06 M
U 82.0 76.0 M cF 83.0 81.4 7-9NMD 7 M
\% EXAMBI 34 - Accelerating Bfieft of Pheridls G Alcdhis.2 79.1 9D 8 M
w 829 78.0 VMTFM—83.0 79.1 7- 9ND 45 QT =

20 dezgr ee Bt/ e pidpa@ sl decribddoi Ehaipib £3) Dsleid Sghe GAEM @Bbolyther Bnd/\Bd 0.6
vapor® aigrarerve) of Bido 8de (HRORIS82B)is a arbdednarkai Sheli indafdompbsition AAEM TopdfyrherEndd

degr ee @ewRdyester k5| 3446(60). Thé pealyes®r etas/a reprgl eoaparstionfof Fntipssen E @egay peimegreups 50
Pol yest dp® big-dimethwaming rdpylioine)f withefpraarete/meloaté ratioy by NMB 0o BHP1 and mwleggariwsighlgat ed
by har dieslisatedtby Dl peeestionrpiiromeiography shMwy= 83f0cMais 29001iQna paiet Wey Pirpared withput

t est 4r i2Agtions! additygy r"se) othey gairty ith 4ineight Refceoh Bafa-Hiyde Riero!l ibgser jog [Rindey #PigiE. With af t er
1 day arfblMéRyt use pi2-othyhpean @ or ° o algelol at Pawaﬁtlpefw%gﬁah@é%awwh H'U‘f’,‘?‘i‘mﬁoor er

wat er r & vejohtpercepl TEPA L r s‘f"@ B

i ndi cat e ﬁeblslsg‘ggﬁ "F?acf ‘°? R 'Pltﬁﬁ’it i ”t "’2_ id 8ys

anbi ent i %Eq; and ce Iﬁ?s
met?ﬁ{%

rtened tne ti as: ng |tV|
Type/&ey g i mm M

col or Wi Rl }?ﬁbﬁ:(r Q&‘)Wﬁl %héne hﬂyﬁﬂﬂa%ﬂ I I @ b% | ess
than abQyrs o d50bI g vagfjﬁ pgnttz)5 flﬁ'@l&l AHE il e@ethyrmexamol s‘l\!H fefo \9@' u‘ﬂ%r%vewer e

prepar edesiianblrs Shistdafs! ,nlh@h RAAGR! , using AAEM Copol ymer N and eit her
TMPAOPATE or t he repeat of Polyester C described in Exanple 25. The bi nder

compo®ition for each paint

g
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cont ai

( TMPAOPATE or

gr ans

ned a total
Pol yest er
bi s- DVAPA. Al |

Q).

of 9.15 grams AAEM copol yner plus al kene conponent
The -remai nder was 0.6 granms Epon 828 and 0. 25

pai nts al gﬂoggglw_g ged 0.2 grans p-
0.01 grams Silicone SF-1023, with xyl ene as sol vent.

prepared 10 w th nononmer conposition 40 AAEM 55 i-BMA/5 Styrene, 1

percent 2,2'-azobis(2-nethyl-

t-butyl phenol and
- AAEM copol ynmer N was
wei ght

butafeeit5rile as initiator and 1% n-dodecyl

trigcrylate as the al kene conponent.

al ken

€and BRPOMAPH asKiined. Ot al

Jiercaptan, and had Mv M = 21,900/ 9220. Paints were drawn with a 7 ml| gate
on phgsphattzed COféﬂe&sOAflpﬁ‘é}koﬁ&c@%lcdh&%&'ﬁémi&.cEnQQPalue p‘étntsl (day ambi ent dcgre
pi eceg= oH-one y
measurlenent PRar dness and yell rled
after |14 day°é°°E re at anbient | Ile 18
Wi t e |pai nt "B ?}‘°f acceptor ft p\OCEPT
ALKENH/. AAEM N DLTB KHN 14 OVEN
O\/E1ll\)| Early Cure Pibderf®d 14 DA 0. 00
4.9 [T757 gioda 58 U.

0.13 AV'sgés't?1 75 13— NSRPATFE

79.5/ 12 10 minuteg, 36 5.4 h 4114
TMPAORATE 150 minutes 5/ 18 | 130 15
-0.48 |5 THNPMnEETE 67. ).1M% | 6.6
K - 0. 07 Tfack Fred MACPATE : ;.6 -0. 20

8.8 = 01230 7 ot g 37.§ 1.59
8.7 |[5.92 Zor @y F 2. 75 oRR ACEST RAID vepghl a4 d of
AAEM dopal yoer SOl i ds/al kene cq nponerjt "sol ilds.” AlK AAEM RATI O MTl ratio
of@l Kene moWateriSest t 0 acet oacetlate nii etied. KHN|OVEN: Knoop Har dnesls after
1 day [Tn 60 Pags@;ﬂo F) oven. 3~ 12-44- 1B GM,EFJ: et llowmess (Hesgt ¢r pdtla B)
after & '*GB,' A over—iHY 14 DA: KnogQp Hardness gfter 14 days [anbi ent
cure. |PRirLPraperien(i3 garsambionisiehdss af tler 14 |days dubi ent] cure DI TR 14 DA:
~ Yel | ovjness (kiabs Rardresd t a B) af tier sl |dayess qnbizmt| cuws.@e.| 40 3EXAVPLEZ 27 -

Ef f &ct| of Al henticifdessoacet ate qn GE dr wiBt i) Triggt hyli®l jpr opi8ng TriBckyl ate
as Al Ken- e Blsepaieent. Thi s exgnad. ghdeme t|hafevwgdodvasol joDengas | olNor® ned when
t he allkene/ atkdys&iphtaindity ati o jaMicbqve abquMicd gnMiarhat Mewd [har dness was
retai nedar_an al KeneJ/ acetoacetate ratro of 3 with trinet hyl ol propane

White paints were prepared and tested
as I'n EpMPRE @5 2 Erediiol Bolyd8EMrfpe A GuREind Nvad OReéRiahddUaith | 3Y ©F & Milturd MPTIEDAA S

of

ph

974 grans AAEM copol ymer plus TNMPTA with
0. 6 grams Epon 828, 0. 25 grans bi s-DVAPA, and 0.2 grams p-t-butyl

enol .

Resul t s Bigfers laBpsisiong wemlpreparb® withlltaniuerdodiexele ias balopigment, @singresand gind @océdure Tabl e
18. 3555wiBAAEM dapblinéd2 85 vAfigle Blhe PABMesoddiyna¥s wese praparad vitheut| etsptana pdinguibulvevel s
of TNMABAckste ab loisater GrMFOM SN weight per@aFRIEY! PROCIEA GRsed BN FAgRIe< TiFENEPnamEN KHN

OVEN DioWiBosiion was 4D/AAENCE2 DB § M AREN| qopolymer L, prepared witipfyfnpercent t-butyl
peroctogippliesl Mw 759,96 din = 27607 AAEM copolymer 1»@ @'epared3w@445 pelfgnt 31 butyl

0.\
40

45

55

peroctoate, had Mw = 20,700, Mn =-6910.

14
2H

Paints were prepared with 4.29 grams titanium dioxide and 10 grams of binder, with the binder solids

being AAEM Polymer/ Polyester/ TEDA/ bis-DMAPA/ p-t-butyl phenol =

were:

Polyester C Repeat (ethyl hexyl terminated, Mw/Mn = 12,300/1250, Fumarate/Maleate = 71/29).
Polyester R: 8.7 NPG/2 ED204/9.7 MAnh, 9710/1800, 52/48, hydroxyl terminated.
Polyester S: 6.7 NPG/1.42 ED204/7.12 MAnh, 6730/2290, 55/45, hydroxyl terminated.
Polyester T: 4.44 NPG/1.11 ED204/4.55 MAnh, 4390/1760, 52/48, hydroxyl terminated.
Polyester U: 4.44 NPG/1.11 ED204/6.55 DBM, 2500/1270, 23/77, butyl terminated.
Polyester V: 4.44 NPG/1.11 ED204/6.55 DMM, 1810/1110, 12/88, methy! terminated. '
Polyester W: 4.44 NPG/1.11 ED204/455 MAnh/2.0 Acetic Anhydride, 3560/1740, 46/54, acetate

terminated.

56/40/0.5/1.5/2. The polyesters

The paints were drawn with a 0.018 cm (7 mil) gate on phosphatized cold rolled stgel (Bonderite 1000;
Bonderite is a trademark of Parker) and properties determined as described in Tables 16 and 17.
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2 :TI\/PTA 70/ 24/ 6 - 1.63 16.9 1.05 18. 8 2H

-0.09 3 TVMPTA 65/ 29/ 6 2.19 15.0 0.41  15.0

2H - -0.29 10 4 . TVAERA0 326 Y B/ 6 ... 2.84 13.8

-0.41 14.8 2H -0.21 5 TVPTA 55/ 39/ 6 3. 60

11.8 0.18 12.0 2H -0. 32 BI NDER: AAEM Copol yner N TMPTA/ Epon

828. 15 EXAMPLE 28 - Denonstration of#®iferior Color with Ml onate as
Wonor. A malonate functional. acrylic copolyner was. prepared by treatnent of

a hydr oxyVisdosity pkogREsin, wdtdr bdt Gsiibridary’dlre, @1d 18 MSE5bida cufd RIS af@hpcish & | N t he
presencg of 0.5 wt % di BaEMIpofyinér nvtecsls wei’gﬁthdi@st@ﬁh&UOl f or rred by

t r ansestferiy TIET EES t '

functi oﬁégié?ly AR{QE k'(a)dlnlﬁ(‘):g T pﬁbg‘gﬂ E&I\/&)éf?ﬁ'g:i HEMXL T A Mﬁh =
27, 100/ 9630 Thn nrn [Tad SERY) il uted i h,yylpnp anlnn gnluf aving
65. 8 wei|ght! parceht o{ poRynmer| wil§2{1§8knq ard74 @Monht @ group , B-abqutHE21B

grans,pdl yrfer perlactfve fet hy] e @6bup, 356 P8y 25 x98lduthe/ |di &1 hyl HRal pnat e.
The nol écular vvei ht @s eSti edt8y 6)gel ROP (RSB | bn>9Biull hr n"h?oc dlgny was
h 5

MV Mh = |47 470 QOOL AAEM copof Q aHA @he| e7§r eparjed>®i tjh BB

wei ght %t- er ot oafe. p¢ b g (@hofe? Onpoi ?or 4% AREM 50
i BMAV 10 16, 550/ 62809 qop 4)?1 r DE n corﬁoos tion
30 ABEM 508' B MV, M E 15 O8O/ 408, eal Is e [prgpated at
8Qwei ght _perc nf solids 1n xylene " Wih BPPA([ c *mf pl us_allkene B0

compone VisE 13 ml%vlmtvam%mgt!t@mﬁerﬁpum B8 2 (@S5 grams b| s- DMAPA, and]O0. 2
gr ans t -{NISC\E HRp I misdositycalP hougs aftgr rbikiag, BlehT2daps). Al kene conponents used wefe
Pql yest ¢ WARERISHOT:Vdird to nbinearkedhdilie Wisen\se¥dp ofl watsiiis aNbwddl téidry oirthb filpaA @ngd N
Fhat|indieatescttd tiimnsorok @osstiriked: A sfgBbdutiieg inticatebG@0ijicaatrvtbstinkingg but st spdugh ®s. | One
of the qb&sshedshit es was hel'd in an oven at [err] (140 degrees F) for E4
hour s afjKan 14 DAaghoc HiErdnBass af W days dfitgenoédrer gl ass pl ate was kept at anbfent
Wi th thepRCEe! DRPERI Harlindsh & 14QayshampRniiche. 35 yel | owness i ndex for t he
heat prate—and—hardness—and—yettomess—dex—at—H—days—for—tte—parel and
anbient plate. Wth the heat-aged panel s there was nuch | ess yel |l owness
with the nal onate pol yner as accept og_ over the range of binder conpositions
tested. 40 45 50 31 EP 0326723 Bl aPebl e 20 Cear film corrparl son of AAEM
pol ymer s

SAVPLE (DPOL YNEfeCHeliARERS ppifmer Moz R eiohBOIEHYSSRIyPe ROMRIRERFSIODA PNCL|  KCLR
EQ  RATISWAMENasEm [PoLYESTER|TZ DADA‘IAM%N’F curRe _ AAEM1BbAy AMBIENT CURE
61.5/30/p/ 2.5 |polvmer| 1.0 1(. 76 F p352 AAEM H
R 61.9/30/6/4.5 83 —A—895 H3 yap | e g v g 3
Mal onat e H 61.5/ 30/ 6/ fSSGL(iﬁ BT'?\‘LER '&LOS% 1 LISTER F
2.30 %4 AAEM 0O TMPTIA QCA6. 5/ 13/03W2. b3 DAZS|QCT|0. DAY 7. [L 3 DAY 9.2
F 1.6 5 PAENTP | TN DA 7b7 5 8- 0 I3 0.0l 2| 7.99- Ot
10. 1 JF| 196 o |eignate ThoMo - RTS8 1.0
1.34 10. 4 M F ¢ 1.15 Tg3g AAﬁl\g O | micem |8t WHPTA go071. o/ 6)/ 2.5
129", 44 4864 [11.4 - got? 1. ¢ oD g30| 617 5-7D
5 M T 82.5 65.0 79D |83.1 56.7 5-7D
6 M V) .82.0 76.0 MicF 83.0 81.4 7-9MD
7 M v 82.2 73.7 MicF | 84.2 79.1 9D
8 M w 82.9 78.0 MicFM |83.0 79.1 7-9MD
45 QCT = 20 degree gioss when placed in Cleveland Condensing Cabinet with water vapor at 48.9° C (120
dsgrses F), after one day ambient cure.
3 DAY = 20 degree gloss or blister after 3 days exposure of ambient aged panels.

50 Polyesters U and V, with fow fumarate level, gave poorer cure as indicated by hardness at 14 days and
poorer early cure as indicated by water spot test (ring at 9 hours) and some dulling when exposed to high
humidity after 1 day ambient cure.

. However, the most dramatic response was the much poorer water resistance of the hydroxyl terminated
polyesters R, S, and T indicated by bhsterlng when exposed to high humndnty after 1 or 11 days ambient

55 Cure.
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"8 AAEM P TMPTA 71.5/20/6/2.5 96 1.8 1.22 11.1

H .1.78 9 Mal onat e TMPTA. 71.5/20/6/2.5 117 1.5 0.72

10.5 H 1.15 BI NDER:. Agyul;;gg:-,ﬁ)byner/ accept or/ Epon 828/ bi s- DVAPA
solids. DONOR EQ MIlinvoles donor noi ety/ 100 grans binder solids. MOL
RATIO WMl e ratio of al kene noieties/donor noieties. KCLR OVEN. K- Col or

(Yel | o\EXAMBLH 26d &Effct pibcsepte dype/level GoHadneddsnd rCdopr oven-treated plate. KHN 14
RA, Knoop hardness after 14 days anbient cure. PNCL 14 DA: Pencil hardness
after 14 Thisyeemplsi demonsratecthe Agperiorkliqr with TMPAQRATE | asr allippe sameagenifabere 34 days
anbi entminipyne levetiahjpless than aboydd Msiesaf plienplarleof acefepeetalgk t h Acet oacet at e _and

Mal ohat e WiacRNR: wetp | RigAated agrdpserippd) in E\mm &sipg PRENEFERNPe F{ea&Etﬁ'“('Fé

Di | uent® P%ﬁTE\Ré thedengatsf 83{&@{%9@9503'&?‘1#? E 0“‘"81‘“?’ ‘ﬁE A8 %32
tris- agﬁl ‘3‘(" of 3%{'% %’ pg"s %P?gg'eptt{r @%& yeﬁﬁ’ ﬁ/N 'é’he
oLV rt)l %

AAEM p ucone mf ' %ﬁgﬁ
2 5% gzﬁﬁ ﬁﬁﬁ‘ﬂb&e Jﬁ%? e s,{a hfaa mmi 'loezczu'a?rb VT hE s
est [ rrat e ' TRt #hilC O Y86l r:e Bondgrﬁe q %aodayvv” t e

pai Nt's it cire c%@é@p béda\ﬁ“aﬁ'meQ'apﬁod& @Q@F iongﬁﬁﬁgsf bvied @ nia drdiont\& ' €

t est ed ntheds UAd yélibividBs. OthestBir&fakiod @breOn gurm RO lyy¥eduret A ARMlotC Bbslis a8d W t h

use B shownGiridolaisl on of reactive diluent and AAEM pol yner. The total wei ght
ok _AAEM pol yrmer plus reactive diluent plus polyester was 9.4 granms, with

0.6 Epon 828. The polyester was prepadec® from 20.4 NPG 9.7 DMCD/ 9. 7 MAnh,

am nated with 2.0 40 dinet hyI am nopropyl am ne. The fumarate/ nal eate ratio

ool P DY e e TR Bl S T T

0. 018 cPAMPLE) AGCERZOR BﬁNﬁwa%EPJt PAENEAAEM | KHN | |BHTES "é'é'l“"@éc RNEk i PETBL D00) .
Resul ts| are shown in Tabl 839 49 s RATID 32 [OVENGRVEN 3o 703 | B P4kt RA p1

Conpari ko of |Nokd S- nallonagﬂs/@nd tiri somcet ohced dt esdj | upmt s.| 5B ACTI VE

WI RATI O WPOTMPaOPATENI N 8886 14 DA Phias 14 |Dép |REXS | VPACT HCBR 140.89A

DILUENT| 3 |TMPAOPATEQLD hosie2 034/ 0/ 6064 |50182] D1 (40B 00%) 2
HB 3| 5-6. 8[TvRBOBOE | 9. 7T3.4ENe 06340/ (/e8! |-0.8%7| 2 3804 |(B0O) | -018%. 9
HB 3.%- 5|TRPAGPATE]))  67.92410 | No#@6 6.8 460.09 48 6657 |2F . 05607 §6)
4.9 6 HEMOAOPATE [2- 261B5/3010- 40) 1-3310. ww!o 188 17/l6F |6%12| . 07
(70) 4 7 4lPelyester C | HBS4375 12 7168110 9927| TMAcAG F 10/3% 67

65_- 2. I:@KJOEZA hEPT RATlé V9e|ght ratio of AABM copolyrr@r s%ﬁo%laﬁter(e%@mé)@l)ant soliad.2. 6 WI' RAT' O

Veei ght mekrf.&dgéﬁ\ﬁwm of AR d Euﬁéh@frdo}éﬁes% Les:%gée(ag%ar&ss er. WIPC SOLD: Vi ght

per cent GRd Qnooi é]ntessajﬁgrtda ﬁg sc03| ty measured at 4 m fputes
in 6

after 0 har dness after 14|days
anbi snt %&nﬁggﬂ% affer cc’ﬁ’fess a 46|£}J".’ge"days anbi ent curﬁ‘% REV

3
s 5
[
5
o
m
i i
2020

| MPACT: |KHB\I4& DAK ﬂ&)%\%?"e?%aé‘? 1té'ﬁ¥,seam Bﬂtl“é? (inch-1bs) after 14 days andi ent

cure. 2[FNCLg&PAR Penciltjardness aites \heays apRigik ¢w'e-K Col or) neasured after 14 days
am{if nt |RE 0P &4 DA: Yellowness (Hunter Delta B) after 14 days ambient cure.

EXAMPLE 27 - Effect of Alkene/Acetoacetate on Color with Trimethyldlpropane Triacrylate as Alken-
e Component.

This example shows that good color was obtained when the alkene/acetoacetate ratio was above about
2 and that good hardness was retained at an alkene/acetoacetate ratio of 3 with trimethylolpropane
triacrylate as the alkene component.

White paints were prepared and tested as in Example 26, with AAEM Copolymer N and various levels
of TMPTA as alkene component and a total of 9.4 grams AAEM copolymer plus TMPTA, with 05 grams
Epon 828, 0.25 grams bis-DMAPA, and 0.2 grams p-t-butyl phenol.

Results are shown in Table 19. The abbreviations are the same as for Table 18.
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The hardness with the mal onate reactive diluent approached that of the
binders wi thout reactive diluent, while the color was as good and the
viscosity/solids was nuch bet:tergpdhyeezgeBoacet ate reactive diluent 25 gave
poorer color and hardness. EXAMPLE 30 - Denonstration of Superior Chenical
Resi stance Properties with Use of |socyanate and Hydroxyl Functional

Pol yesters. 30 Cl ear enanel s wer d&agjg®pared with an AAEM copol yner
Rrepar ed usi ng nononer conposition 40 AAEM 55 |BVA/5 Styrene and 2.3 wt.

per Cﬁtnt g, 2' -azobl SWm@%M%M@QﬁﬁHI&Jeis'oﬁMlﬂ%ds'ﬁk&ﬂe%&rﬂﬁonerﬁ' ving m&::eé:_il ar
wei ght s +9—406/84501F rastet P a-ea—H -0

ED204F 2. EEEOMANPE A %@M FAVGYeY %Lg A DAY P {PTe 14 DA
fumarat e e ratiq of 74y2 Nb230. THE socyangte
conponeng TMPTA | |stsa9@an te 115 A 4 £t reset Hykiyl ene.185

di i socyapat2l| t i TMRTAy | [ol0@46ppne bedduct wrl!wl 8 6% so®Bangt @Hal 80®soli ds
from gme BMFdW o, 654288 | soc3Wnat 4 B15@n | 84phorife ﬂi Pdogyafd@®e {ri ner
with 12. 4%4% socyBdife 203H8% sol38¥s f omiEhen)-84hp- W kd BAI §. 988 of her
bi nder c pov9828. EH¥nel 4 wat-@ pf Bpdif ed2& 402Hel ghP3Ber gent
sol i ds WB‘N‘DE)ﬂy}\ﬁEng"gmyﬁ@JW/ﬂﬂﬁTNF_@erl son was made bet ween a |nder h@vi ng
no isocy rate—ant—o Pt ef-orrred aLlung base— \oaupl € u; t+he—sare—btnde but
with 40 m|liequival ents/100 grans binder strong base in the form of

t‘el;/rarret%%dﬁemo"&% ,p,qncgr%q‘m Ma]ohata@gngl' nders with repl acenent of

part of eF—w cyanate A or B (sanples 1

and 2) . Thﬁ ,ogggf R ﬁMa‘ gbry’llé v%eé%ﬁ tﬁ% {019 }’ Itfgnc G 43 \Wﬁyl

bsjgr OUR es émjlt e in t‘%}g Q%% %ﬁ ﬁ(ﬁldB ﬂ%ﬁ@e ? ?{ ec!(:'l‘@t e on
patyarLStediRdtin EnOi eﬁﬁier&tu% &\ghglkb8 85 THo aro%%%ﬁaﬁg Sition' 63151 O)

and Pr ORBMA/RES HEMASAE ﬂmamw/mhoa/\@ma/sa’sabm s &ifdted Wit )?’ylene ngQ.%%ﬁtYO%B Bl

Tabl e 2Zavifg 653 wdight parévitdi ol i with perktid@| malon 6 YROE! folt-2vB GIAAE bolhdr @er &tiveSO

TMG VI Skethyh®Group, inF5B6 xylene/dislifyl EoheidN THdNolBh(al wSidtyiak bstim¥éidll by g8l gefietion CARB

2M N __TicMomatograghyiwds MwBIRGT 47,200BA900. DA 7 DA 10 1 A 28/ 5/ 50/ 17

0. 012%592) AAEM 46pplylars Q 26 P 6@/ Bbrared vBth 4.5 wdight % t-Butyd peroctbdi€2 Copdymer O had

30/ 5/ 53/mdrome. GEpositBr ) 400 ASEMIFO? BRIMPAGIE NMMB,6MBMO ¥/ BHEO00/6180.7 AAEN) .c8polyn®r P had F 15

3 Nonemnongmgrgpmeysiion 30 AAENBOABYA207NA.JOvMn =0169PEE0RB) / 3hr > 9 0.5 4.4

HB 4  NonElearnpragisnere prepared atoP wejahy patantysiidain cdeney Bitacrvlic polymey pyis alkene]

B SVRAT corppeent PGS oramsado grm@on 25 grams bis-DMAPA, 0@ qaavistiety! phenpiy
14 DA TB™PRIOHe spfds- 3 5 6. 5 3.5 6 5H25 1 1 59
16 3 I ene compenents yged werg pel T PTA & ? =
_ e enamels were ﬁl’dwn with a e on phosgh ed co l d stoeel ( nderite 100 and t“f?B
<GB glass p «3 glass plats 65 in an ove °C (1 gree or 24 hours %@f 1 da¥6B
amb gther Glas % pt at a wnth th el p e 20 shows t
:S_F: ?SE Lvié : Cg | éma %g?]es\% gnd SIBWR6Ed Ak r the panel an i ght

828/ Pol yeswz hla PORUGHAaRDls M@%ﬁﬁh loss yeuowrlxesqw.thnﬁeefmgnqﬁ%%srca@ dedlsdver00

grans birgi@hge of binder compositions tested.
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VI SC 2M N:
TIM-2:

Viscosity at 2 mnutes after
Viscosity/time NSM .2 mnutes (m) or
Viscosity/time NSM 2 (cps) m nEPes3Zeme3 B hours(hr)).

m xing NSM .2 (cpS.).
hours (hr)).

40 VI SC
VISC TIM 3:
45 WATER SPOT:

Hours to absence of effect fromdrop of water alloewed to dry on film KHN 1

DA: Knoop hardness at 1 day anbient cure. 50 55 34 EP 0 326 723 Bl
KHN 7 DA Knoop hardness atTapled8ys anbi ent cure. PNCL 7 DA

Renci| hardness at_7 days anbient cure. SVWRAT 7 DA Vol unetric swell
rati o iln lodayfimachpanson oBAAEM Shlyifersadi® MaIBhateCpdlyther witrildoly€stdPA and TMPTA asKnocp

har dsne<s at 14 days anbl ent cure. B&d@btor%.él_ DA' Penci | hardness 14
days' angl G A S eSS s TR BINDE J4DAI PRECT REL r 30
m nut eq expogure to oacetl ¢ acl -9 L pa Penci |
hardneds_—_afté¢r 3.5 hDL[Q exposure fr_\ in watler LH&(AE)_S H:
Penci | |hafdngs&AEMOer| 685 hou83.58%p88 Lic58ciq ih WaBBr| 20
NAOH, 3.|5 R: AAEM PPehcRI  har (18886/35 1 @98 sjodi um
hydr oxi|de 3i n wifialenate N\CR| 6. 5 |§1.5/30/6/2.5 B3bris
exposurle o ] 0%‘%‘\‘3&’ u B ox |78&/ P2 Rnt B F 1 &811§ ng.
Gel - 5 cYP Df p(6/2.5 %.18

whi t eni ng7 Mpd l°"at° M'; A \ﬁ 5;/ mpl Wi t h
tlhe_n's sqcygnafe a{%%f suﬁﬁd r 1 g ¢ 4 pqueous
sadi um hygro. ! PUTIBT . [7130bb2 5 s

conpri 9 _an conmpositlong nber ed

par agr gPNBER: Acrylic pabyiieritcentnr/EpeaRed/bisrBMAPARdli¢sy | ene- cont ai ni ng conponen|
an, al keheNeRR@aVitiineles dooerpEistw 00 d@ms bindroaqlids.si ng M xing a tertiary a

and

an\e’bodeERAHOiMcae piied ehae nwistiéshilonanetoleyidsene- cont ai ni ng conponent and| t he

al kene-|kRCuR GVEN: REoBOVEIRRRIS IndeX) mdddEredith TCulbr MeBOBIIvaBtrdated pRfeAgr aph 1

a maj orfkimei4 bR Kn&p hbrldRest Biick 1 Adays ambighecuddld t he epoxide react in the pfesence
of the aﬁéLhMI@\npe&@ﬁgr&bgyaqg,1qggg;gg,gg{.‘tcg,gd the al kene-cont ai ni ng conppnent.

e e

acrylic polyner;

Manni cB%

&gurgtpaﬂela{ WA

a tertiary am no-functional
a conpound cont ai n| ng bot h terti ary am ne and
A B A d ,_ B

polyester
rlqar

and o5 29¥3ptaae i

\merel n the tertlary anmne is
onal

tri et hyl enedi am ne;
or secondary am ne; a

Proparation of tris-malonate and tris-acetoacetate reactive diluents is described in Examples 18 and 19.
The AAEM polymer used was prepared with monomer composition 40 AAEM/55 iBMA/5 Styrene, using 2.3
weight percent based on monomers of 2,2'-azobis(2-methylbutanenitrile) as initiator. The molecular weights

35

estimated by gel permeation chromatography were Mw/Mn = 20,000/9120.
White paints with 4.29 grams titanium dioxide and 10 grams binder solids were tested with variation of

weight ratio of AAEM polymer to polyester and with use of a combination of reactive diluent and AAEM
polymer. The total weight of AAEM.polymer plus reactive diluent plus polyester was 9.4 grams, with 0.6
L Epon 828. The polyester was prepared from 20.4 NPG/9.7 DMCD/S.7 MAnh, aminated with 2.0
dimethylaminopropylamine. The fumarats/maleate ratio estimated by NMR was 85/15 and the molecular

40

weights estimated by gel permeation chromatography were Mw/Mn = 3730/1930.

Films were drawn with a 0.018 cm (7 mil) gate on phosphatized cold rolled steel (Bondente 1000).
Results are shown in Table 21.
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4. The nmethod according to paragraph 3 wherein the tertiary -

am noe-functional acrylic polyner is polynerized froma m xture conprising a
tertiary amne-functional, -ethyl em:aaid 23usat ur ated conononer 50

selected from the group c¢onsisting of dinethylam noethyl nethacryl ate,
di met hyl am nopr opyl nethacryl am de and m xtures thereof. 5. The nethod
according to paragraph 3 wherein the H?\GtZﬂary am no-functional acrylic
palyner includes the nethyl ene-containing conponent,.--6. The net hod

accordingf to par agr aph damys&méredfﬂ.s%nﬁeadauhﬁd&&o&e@{eandah@g COWponent

I ncl udes ) q e t re—rethog—aeeoraHng to
par agrsaph%f‘ gl'!: \fvﬁﬁﬁ;@ %g I%IY%ejl M‘N H'TN 4?%8&;%1‘% REY MBAC PAdhi ch
conpri se [T on about t 15 petcent bwv weight bf total nonmer _df
tertiary [chonee fJﬂGW/chHSWZO hotve0)ang f 6.2m gboutB1l5 [35-5b@E060)60 percerjt by
wei ght of|Naweal [oAWeR4d |0F7.2cppod (Worer | zabPe 35 HBEP [B.53%(30-2@ | B1 @®norer
cont ai,pi ndNpe acet@tet 7@ | uPREtBBNpl &Poup. 8HBThe|isR-h@e28¢con@bng |t o
par agr aphf "™MRMeEr pi1A1 e |Bpoubd?@ont ai APng |bot HBt er P17 Y138 ne a®d prli mary
~or secondatMPASAs hdO Y8541 ¢d%¥Bm | hel8rodp coBsi st33p @-30)( 126
di met hyl ammramo wdightiaREAAENEdopélyiRdrFadtiiveTtinebaseRY | am ne and m xtures
t her eof . SVTpcgbLDTWQghtB@,g@pghdetdl ng to paragraph 3 wherein the
Manni o8 rigaet 4 AR V,g;rog H'ﬁafasdre%a%ﬁ\ E%ﬁu‘({ ‘?dfggftitut ed phenol .} 10.
re|

The met h mqw%@goqrsagdn&%r A48, s?zm Ao ary amino-functignal

pol yest er Nn-"a pol yester containing an
al pha- bet Phglﬁg)z;i'? ?cégarégﬁs%%teri)% ‘.ﬁﬂ‘i‘%e hponent - and a tertiary anine

cont ai ni nigc4 'ﬂﬁ%’? oi5? IMPagt &IPS YavlgsBchyPY after 14 grys apbient e et hod
accor df ng KCHR hPA YelomRess indgK Calod mepsured @ ‘iff"hF%YS ghbiericyre sel ect ed fromit he
group consi sting of di methyl am nopropyl am ne,

t et r anet hyITherhadiesswthamyhashiaReeRNa diokt appRachbdiBstdhe bihders WiRutTRIcR Qiluent,
accor di nghilechgesiagraaal godll adatieevistodilpaolias phambeil iterNBial acbicetlioasicive diluent

cont ai,pi gaye ponpenlendnd hgdwes.ect ed from the group consisting of naleate,

f umar & e, acrylate and acryl oxypropi onate. 13. The method according to

par agr ap FXAMRYECI0i Remenetratipnoofi Superios Cherhieal tResjstance rArapatiosy widudsecefrisdcyanptagndf a
15 rro H¥srongh Fungtigna) Pelyestars- onal gl yci dyl conpound, an epoxi de derived from
an al pha-ol efi n and m xtures thereof. 14. The rret hod according to ara raph

2]

13 whes ei °§ lf W%{?\@f F with, et Na‘F°P y ﬁmmeg °§'@P‘L§E‘?’bd from
t he grou P;gg!?, e,;(,vfg l$r r; rthy %tgb e/t;:fﬁa%

gl yci dyl 34 a d
accor di ng (a\rti'n’ngtgcf?‘wn ¥ Iq.e%wmg? ug:aabaT ymale f] A:hlpu A ﬁ | O ra m1t

i s pol yn&rso e.i{ paopw ik i A és%ﬁﬂr\ig ek sl
consi $ti Bgc y&!‘l HEGY Srate A& vl 12% n¥ 3k GoR |Idg‘fl>6 Lkﬁh‘aemsche-
t her eof . wg eH ke net hod accordl ng to paragraph 15 wherein the
gl yci dyl - f e bineMiMdenEdmpbicht P! BHoR B2d, BRAMMEETord b\epamtéwb BIntGRREbR sBids Yith

r%/ Nnenkylendas solveht/ Compasontiall oddelsetwion a Baidér haiy rdGsodyRatd BndMdSiétérod BRdng

yI €N bBase Qsatnple ), ¥G aOEPHEE Bit Withab tdeuisdon&liod HRAME biade? skdhh Ghde tb fin @D .

18. THe feiyarhadiny Igaarddinedharbgnateo(sgapiad) anplhbirkiers wiite replanerbdntofgpart \of the ABEM\copaiynies
pol yner i awdpdiyegian wnisawyematenhiatd emples $end 2pritha hinders Avith dsosjroate ha® genicent
by wei ghtsoqyanatemeahvdrmvi@n@ﬂromof Hieyoly functi onal mononer and from about 15
to about 6Filpemeentrayy gh‘ta & (T anithl gatﬁmowmaphetfze%%|rglhéﬁtezlamdegl®9 (for
MONONGE E‘B"I‘FP‘&F‘H"‘H{JS"PH@“%)@@ praeastios measuied @ phowain §Pead. 19. The net hod
according to paragraph 18 wherein the acetoacetate-functional nonomer is
selected fromthe group consisting of acetoacetoxyethyl nethacryl ate,
acet oacet oxyet hyl acrylate and m xtures
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thereof. 20. The method accor di ng to paragraph 1 wherein the epoxide is a
- glycidyl-functional acrylic polynmer 35 and the tertiary am ne of the
first activator conponent is tlepqtmlnath am ne. 21. The method according
to paragraph 20 wherein the- epoxr de is a glycidyl-functional acrylic

pol ymer and the tert|ary am ne s tr|ethyI ened| am ne and a second tertiary
am ne =< v =C ' ' ' et+ onal
acrylic pol yner aterti ary am no- functr onaI pol yester a com pound
cont ai Nispgh1BOIA ActeRk! b fy oaflidaei &) e ! BicyaRicsyRURRIBEY RERIC, 8

Manni ch react)zr on péﬁuct o? a secondary am ne formal dehyde and a
pherfol ,
wherein the epoxide is select ed fromthe group consisting of a m)no-

and tri - funci onaI gI ycr d nd £poxi Qf efr n and
the te y dr % gr ,300 ary
am no- o ester, a

conﬂ%und havi ng both a tertr ary am¥ne and .Q(,pl’l mary or secondary am ne, and

45 n xtuges tagigt;g {]he met Fe g t607par1agr apgl Wherein the

epoxide is m xed w )E%ont ?Qm n onent’, the

al kene-2€ont Bi ni nd043/§36kent hyI e- bt aitri2ng &hd

al kegge- gont Rbrid ng4p5;4mp@entg %ﬁ) n# t hsohe tcerstr af\ arge. 34
The, et ccordin a rel.n lhe terti is_mxe
e A ARy o D,

conponent prior to mxing with the epoxide.” 25. The rret hod accordr ng to
paragraph 1 wherein the epoxide is mxed with the nethylene-containing

cohvpfonent or the al kene-containing conponent, and the tertiary amne is
m xed with théSWgARer KHNt hﬁ"@he Mar orHQ&Ckene- BARH ai ni Hcorrponent
prior SAMERE| nfyDAhe gﬁm rding to

par agraph 1 wherein the ratro of the total noles of tertiary am ne groups
to 55 epoxy group about 0 a 5. 27. The met hod

accofdi hg to p’ar5§gr Zlﬁhg er ei. nm? he r%tr og%ffé&f‘#e Fot al nof'es of tertiary
am ne gezoups tlaédpoxB.4roup® is frbm alduUt B. 5 to aﬂi‘out 1. 0F 36 EP 0 326
723 Bl £8. Th tho ?ccorgr ng tonar%‘graQ gp 1 wher 1RE AR, Of epoxi de
groups To epoxr €, tertiary am ne gl ene-cont ain n conggﬁgn and

al kepe-€ont ai ni-4g corfpdnentBi s abdit 2680 a6RAlIStBO W/S ents of

epoxi de per 100 gram; tot al of ‘epoxide, tertiary am ne,

nmet hyl ene cont ai ni n onent and al kene-cont ai ni ng conponent based on
non- volt&? {F8N{at err e'29 The rret hod according to paragraph 28

. Wher ei Fﬁoratlo ide, ;tertiary amne,

met hagl g nt ai ni % %égg@r% ﬁ@ggo?ﬁg&l Mponent is about 10
to about 40 mllieq gram; non volatile material. 30. The

et hodg?‘gg%ggr ng t eggg)(l ‘E@&chbgsé 86 %h,ag;: 10 m I liequivalents

base p gr ans tertirary am ne, ene- cont ai ni ng

Ngiéc Mg A kenﬁrseeai@ atrmnﬁaﬁmnmer ﬂlﬁun g} g.on non-vol atile
nat effial, is mxed wth the epoxidss* ertiary am'ne, nethyl ene-containing
CONPO- VISHHTTANG: al keieost/ains rGps/otnorentm? ke hage(he)ing sel ected from
the group consisting of carbonic tic and hydrofluoric acid salts of
t et r anwLSy ITgMadni di n&scﬁe&ﬂtmh‘;p@ﬁlhu(tﬁeﬂ(ﬁ)brﬂeh@&séhe)) quat er nary
anmoni um hydr oxi de and m xtures thereof. 31. The method according to
par agr HRFERRSPPrer oi iourletd absence af @ffpehifsom drapsefl waters allowsd €qhe net hod
according to paragrédphon Sidaeein | ess than about 5 mlliequivalents total
base per 100 grans of epoxr de tert y m ne, net hyI ene-cont ai ni ng
compon&M laR& al kerMOBNRARE 1eRE Meon non-vol atile material
is mgxed with the epoxide, tertr a__ry am ne, nethyl ene-contai ni ng conpo- nent
and al kene-cont ai ni ng conponent, the base being selected fromthe group
consi sting of .
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t etramet hyl guani di ne; 1, 8-di azabi cycl o(5. 4. 0)undec-7-ene; quaternary

ammoni um hydr oxi des; carbonic, 20 . acetic and hydrofluoric acid salts of
t et ramet hyl guani di ne, 1, 8- di azabi gpag 9deS724.8Y) undec- 7-ene and quater- nary
amoni um hydr oxi de.. 33. The net hod according to paragraph 32 wherein the
base is selected fromt he gr'oup consi sti ng of tetrabutyl anmoni um hydr oxi de,

t et r aet higppmgRl um h | ammoni um hydrox- ide, and
the car boni c, acetl c an f’-}naig%d“g ‘%/"s% eof . 25 34. The

met hod apmudlmg,to %ﬁéﬁi?ﬂ? base 1§ a carbonic acid salt.
35. The nethod according to p%%é?%‘grfﬁ%% 1'% F&Stet hyl ene- cont ai ni ng

conporfenSiRAT S act odioluRstrt 0% 0 Waed0NE BP0 BuAS 6L S and. amfes, of

acet oaceti c, mal oni c capd. cyanoacetl Cc acC

par agr apRIB34\BRsr ei n Knbep daedmaecsata B <LhbishePapdant froma (rret h) -
acrylic pol yner backbone. 30 37. The method according to paragraph 36

wher ei,n b dPoacetPencilrbasdnesssat l¢ dBRCitisienBrQguct of the
copol yneri zation of acetoacetoxyethyl nethacrylate or acetoacet oxyet hyl
acryl at 08530 ¥z nePrpeilabaringsaat 44 pdaysgasuer 36 nihets nat e
moi ety i s connected W%ﬁﬂe}mmﬂmmmmol s. 39. The method according to
par agra 53% reln mal nate noiety is incorporated in a polyester with a
35 wpoly S8 Attest hér heursnexpdsune ccond0%l.acéBic The
mst hod accordi ng to a'ﬁ?f: 'vvher ein the al kene-cont ai ni ng conponent is
an al ph te sugsatu cte om the group consisting of a
poI y-acryl ate:” a pol gé%f n S gXpasyrertovilehasetieldi ti on
%/u% of acrylic acid; a poly- nethacryl ate; a poly-funarate; a
pol INaBHE3. 5amel M PEAEIQ OIS he _net hod a gor di,ng.
par agr aph 40 wher ei nhidioxiBé Ry neg; atfg%ﬁt alsfllﬂ%u&-gc%ﬁ?gﬁ’é%&qg d from
the group consisting of an am de and an ester of cyanoacetic aC| d. 42. The
met hod ABOBr&isng: t 0 Periciqr bpfindssLEESE 5.5 Nenirst Bilos {1% ni@g %'hgﬂpconponent
is selected from t hehglroxpde dnsiestierag of an ester and an
acetoacetic acid and mal onic acid; and the al kene- contai n| ng conponent is
“an al phé;lﬁ‘éta unsat uG%iHeagester sel ected fromthe group consisting of a
pol y- 4# acryl at e poI y-bet a- acryl oxypropi onate; a higher M chael
additio broduct of rc acid; a poly- fumarate; a poly-nal eate; and
mxtue,eg er eof . 31 Sg net hod according to paragraph 42 wherein the
et hyl ene- cont ai ni ng 0 ¢ratg whifgriht e which is pendant from an
~acryl i cypghy.rer . t accordi ng to paragraph 43 wherein the
al pha- bet a unsatur at SFEF"EF'gerE‘QﬁeCt ed fromthe 50 . group consisting of
a pol y-bet a-acryl oxypropi onate and a higher M chael addition product of
acryl px acilbe sarples Witetherisotvettazerdbarigr redistqnae lgegobs atetickaidraed srugdue sodium
unsat ur aEXdst er is an ester of trifunctional alcohol and the nolar ratio
of al kene f'bsumww"étﬁeaﬂoss eppentthg)invantion cpmarispe tp Gethadscand qerprysitions dpseribed 48
wher ein ihﬁ@' H‘é!’“ efdapweamat ed ester is seI ect ed fromthe grou ﬁ

t ne-con Ing
Z‘é”iﬁ'qir e o o g e s a&rfpeﬂg P Ee %ﬂ?"e&f’% B and

th | one ne-C n 1N h di
t Oepg?a; 4 94& I%:atﬂ d ég:%g%f%fb é:e ﬁﬁﬁfﬂ gf&n la?na rEortAbht:f thfa(‘%é a-ll_ S’m.”eénfag )% rongg
a@éordﬁ tb Qar rap'ﬂ 1 |%mttﬁet ¥ fs sbl

al cohol angdid\Rethdd
326 743 Blot 4 PrtiahsmifRlM £ Péipthbri Lieftary BB RMctdRa! ?ersﬁslf rthei l@neﬁa
unsat ur at Qﬂmeah@eomm@edomb@ y laiMBahdrinthiyOdHRe6oRELY Srhihd) @ Munnich {3&dtdn Prod &at e
and a pol yof b setaidaty@amireOformBltienyde biidphead AhdlinRairet efdf. agr aph 49 wherein the
mal eat e ard Thel rmehodt &cedibe e paragaghO3 WaerbiartBe tertiary amino-functional acrylic polymer is
polymerized from a mixture comprising a tertiary amine-functional, ethylenically unsaturated comonomer
50 selected from the group consisting of dimethylaminosthyl methacrylate, dimethylaminopropyl
methacrylamide and mixtures thereof.
5. The method according to paragraph 3 wherein the tertlary amino-functional acrylic polymer includes
the methylene-containing component.
6. The method according to paragraph 5 wherein the methylene-containing component includes ac-
66 etoacetate functional groups.
7. The method according to paragraph 6 wherein the acrylic polymer is polymerized from monomers
which comprise from about 2 to about 15 percent by weight of total monomer of tertiary amine functional
monomer and from about 15 to about 60 percent by weight of total monomer of copolymerizable
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havi ng a nunber average nol cul ar wei ght greater than about 500, an

equi val ent wei ght | ess than about 5. 700 granms per al kene-contai ni ng

conponent, and | ess than about &rd smguwesa@ients of acid per 100 grams. 51.

The nmethod according to paragraph 50 wherein the pol.yester is prepared from

pol yfunctional al cohols selected fromthe group consisting of neopentyl

gl ycol , %f@ﬁﬁ %’! ningyteeAcetagsaisieydicostgrsiup.al at e) ,

22, 4-tr e S"P e‘fprdmg 4o parparaph et Medrein ihelqmpmﬂ GPsainisabeth terfidryndmine.angls

t her eof . PEDAY 74, Seragtiary pminecisy 19lerigd figmpie dfaprensiRing ek dimethylemisonteniseine,

aver age 'f’ Etﬂ‘f"ﬁ'f“°9!§clrgﬁ'f’m1”§a'§1r'@é&"§?t“f"'ﬁ%{n 10 about 900, the equi val ent

wei ghit |%nle§]§ mmom h agregEh p%rwﬁ?‘?{'én@ecw}'ﬂ“éﬁhnlr‘??ﬁ“%om%nts 33nd

the acid, Imolhd ?a .%m to Lar | t{?val erltsf Ilogy ans. 53. The

met hod ag, &Qﬁo |bgg, i% " 39;:%5 F”e aunsauﬁged g p %P’e BPRRPd Yo m

pol yf uncty Wagm"%l jﬁ 5 QP §°‘§‘Eﬂ' BFPeY e Ry |

01 YCRl . HEORBhithocdlckbr aig P Bl M% e oy S @yéc? hS %g%é‘u%d

M Xt ur es cbid i@k dimdfflarhilérdpbrhife, faaﬁrar'i.é{mm @s d

between i12 TheAR@ibd hedoRiny BNhrabpHt10%wh dPeu{Lme %%PE&H

par agr ap Borhsbnent3skeétét foitthé @bu@coﬁsfustlf@léfﬁﬁaﬁﬁﬁ fﬁlﬁarﬁ@ a@@fa@ ISy §te' 5

bet ween a®dtié méthbdacdordingltogfaagiapidt Whbreln th® SpoxiielR sgﬁ&m%nﬂﬁ&%w d%ﬂsugtl of a

par agr apmobd anth elgifunctiohat ghickid nempaINY, dnnépagdeC SIMPSANEINT ar BIBHa-GIAB add ehi

adid conpereeint ot her than maleic acid and fumaric acid which is sel ect ed

f r om t he 1¢ribemethothadicarding tp mefageabh halterain the imtno- aypalyeflincpdnak glysidgicdotipaundlis

M xt ur es Sei¢Radelim BEgroupheonsiging ot a aalvsigyidinetpnaloimetlaargicapsiynish ghieeiylgunctidnie

di %ﬂl c a@YQiter%“dd‘gﬁéW%’é%a‘ﬁe di carboxylic acid. 57. The method according to
r

paragr api> 5TE§° \I0R jBprorng ta erragrarh 1dathereiarthe glycidybiunctire! gseviie eelymar ds ByMPeT cent
by wei ghfz‘5 3&’%"(’%5? %‘1’ %Tﬁaé?'ﬂeﬂtf’@mémfgﬂ’é’aﬁs@ﬁm&%@HC'%Gm'atQCD'Yﬁévlcent
by wei gh B’WQ'U ted fromthe oup consi sting
but yI met g‘% rh 781 Bﬂt Pj?%gﬁﬁadwf'%{?'% ﬂﬁr?g’c'm"}‘f"ﬁﬁ“’@@ agylic po[yﬁ@? iBgjydes i The
net hgd aQF& Emm com

h

arein,t he est er has at er t han 50
per cent g&;oggetgtee{uggh% ) g%gép?he el ol g'cg'g'?'bay K=o 5%{?938‘?@% U988 Rher ei n
the al phag ag helitl i Ta‘?a?ﬁaﬁﬁ 1} ahe%.mt,z .Fcepro (388 a%&eeci RS
mal eat e, wieH ¥dmbriSo RS aBéuk %! 10 abdE Q@'pm By W %5," In@li gvel
| ess t hamorder an&h@MtabQutaEGtgl«HbMﬁ dérﬁe?ceﬁleﬁy tgﬁ m ‘m kol
accododi Nehokidinep dnaing e doSloadbiere RinBichd1 §rol®)! Yes er I's prepar ed by the reaction
of a hydn@xb nietotriab@kdiiy 1 PaGEPLIs Wi the THRSIGICHRE-REHORS tndFlorhdr G8TsdideRagr OUP
consi st i figm atfe grapeadhsisting: unEwBhddtoRydthyNinsthatlykt, bibviattdxyetidy) diriad aBRddss and a
hydr oxyalthesebf: noi ety sel ected fromthe group consisting of hydroxyal kyl
acryl at e20. el mothpe aéoptding de pérageapp rioghecinathe epide Fs & glydidybiubdienabaylic dalymer 61.
The 3§et haw thetedien iamige pbihgptrstagivatphcoB@onshids wethylankgamiod. yest er i s prepared by
t he reac®l-dhe aethed psperdios yd Paragraph A weadeipthl peaxide is #alvdidybiungibrehisceylia pdyrhernar at e
moi et i es 3hie JorigyIminads H%?WH dﬁmnn ad 4 seseyhiediery amie seected droamthacargbat e
moiety, S¥F §t99 e 2 ‘?'B?P( ?ﬂ@° @Em"ac. ROIYMeE aopriigry fapingfusctiopdl polyesier; a com-
ypr opi onBg48 j’vﬁ’ ’F“d '""““Yr?ésef?@’idﬂ'@!d‘m&'@c%'\‘ﬂ?‘ﬁ@'%‘ES'%&’P‘&{?F%Tph 40

wher ei n gés]econ aatnaml r ':E%Eerin tﬁ?m oo l' isf i 193

fumar at e ?p "s

reacti Onls@emf&? Eragleﬁet ﬁrz&f ‘r%(x- §r%: a;c al g ?‘t%ugt‘;gg ary-alaml met hod
accor di nﬂm&ﬂndpﬁ&lﬂﬂfef-il% rbo{h eﬁi rQPAﬁun & ?F’@ U b, and
cCoNpgi Semiximls@aidas and urrara e Moi et es | ncor pora er m nat ed

pol yest eps Théhidthad Baebriding W sdrdgRiBRH wha.faﬁwem@aoﬂdé R rﬁm.tﬁl% m&tﬂyiané Eu?.tambyest er
SO that tdmpoligng te>alkeleadonthifing EdtpdRtny OSBORT of #alndWylehd-EdAfming GRPAIkehsSUniaidgt © 45
react i ncdnipengdisqBiania mixdp with the taetdalyydn@ide- cont ai ni ng conponent, tertiary am ne

and epoxk4l&he Grbthod frecandirighto Coagegapt di whgreinOthe) aariagy srfilhe & Mike @iththa npligIRed- i C

contsai ni eptainingsongonent pstherilkesetcantaining tcbrepanertt pridr eoveixisgwithatheepogidec onponent ,

al kene- c&nilh¢ mithed o &mparagragh 1 evherielartie engxidecis ambebd eyiity e deathy@be- CO'ﬁhiBanEt hod

accor di néPrrenash b ¢iea pllene-¢onigininge Famponrat. pnd it itertiano ratmine nis ryjxedlowigho thenether s

sel ect edMpPyeRecRtaRiagRy gkensreentainingRpmeenent mkign ta mixing Hieceneiide and Briary agdre. The

met hod a€t SPUIMARCG 5opdreg PaBaeRiL WIREsindhrabhd thedotal|malss oblediay |amine @esvesP ni ng
Comnerfoole e i A0 A A ke Sl e 52351

_ tertiar yto epm?)ll gi'ou?;f:sle?scl!f:ignzl out %ﬂ?ﬁ out 1% %%Eﬂt‘ Hft g grotes
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and al kene-cont ai ni ng conponent. 67. A nethod for reacting a

“net hyl ene- cont ai ni ng conponent and an al kene-contai ni ng conponent
conprising mxing the nethyl ene- &prg-gzev2s@iconponent and al kene- cont ai ni ng
conponent with an 55 ‘al kaFine catal yst wherein the al kene-cont ai ni ng
conponent conprises fumarate esters and nal eate esters, wherein the ratio
of fumar at28: The metiod aecerding do pameeaphf avherein ieaatio oh ehoxifiesgraups fteeporidep terfiaryrpehine,
wher ei n t Heethylopeieqnisiping companpit -ape pirngreantaining ¢ogpanentyia abauhd (e apubstemiiipquiveent s
of acid é?"tslefcﬁpg’f‘%?n%e’d?o ‘am é%ac'é Pe?dP‘? dartiary3gmine, msthylgneseogtaining cempopent andh e

net hod ac et matgial acid | evel s Iess han about
0.1 edui va% elﬁ?ﬂ °W&¥E%Gat'8c?g8?‘mdﬁ “’L“Bs gt

ara
wherein t Ht 'l? VR (19503 fi’?n d hcf’"tf'g'"%F%%‘P@?" t's‘na and
th i ms non volatile m
i H%% e g

of o eelinit rl:an

nal eat1 oﬁ'- (ﬁatfes %QI% gs aFWarﬁ}nJl H{fmggneac\é gfcompo-
mol ecu ar déﬁ' Talkg{e%ﬁtﬁﬁmgt %Elf? be‘&@ oREtad fbth W8 lgRilb cUMRIsEH Lot batdonict Nan
about 700 éREhd woﬂadnls%a@sa@ iof t@tlral?deﬂ\gl GeAIdIRE, N Hiazablcyelo flae)u%tcim aGaﬁé?ﬁéPU ng
t 0 par agr agatnohidm\Wodrt:deindl Rfkturadtthefbon f ?urrar ate to mal eate and fumarate
doubl e borsdsTHesnefio® atcdrdink earddraph 30l @herein’tRe babbl B atalbhadacacarr di Ng t o
par agraph 327 Thatrestiaid ractdriing(1o pgregraphr1 wireii Ieg3atiahchbbut G milpajulydlentCbialiasd pealiodhol s
sal gct ed fgramm ¢f hepoxideo teptiagoamsines imethglons:-conteioipg nenydonggit e blkenereaitedirigydomgéneatol
nono( hydr dxgqdi onzrioavelgtile Ratdriall ist mikavewithythe dpoSde demiaananine methylpnermetthiing Lampopane
and m xt urnentt prd @tséne-caBainingh someenentd thacase dieing setecisd r oy A1ph 9GP volesistinagn of he
pol yest er tptamgihanenidine:f 1.&¢inzg QJF fo($ricNundasrongil quelepy amumasivichydioxides; catkonigr oup

comst & i neRic apd BysE 'F%P);?‘W@ ‘%%!Y‘PHUWPWW“@F;?@@F%‘F\%? hPmdex e Qe 15
tr| met hyl d]atvraam res thereof and the ratio of fumarate to

mal eat e ary: ‘? %';[ ctpd fr th?)g@“paﬁ?ﬂ‘s' 8ot 0.7
to 0.3. 7zfet al 8 Cal bon dj rﬁgﬂu Ecug‘ :?n ’Fhlgmmonlum yeroe

al keng; ggpﬁ Al Cﬁqﬂ éggaﬁ ﬁe ﬁgp gféé oo & Selucpmpapent other {han
al i phatic | 9@0 Q@EZ f"aﬁﬁ aaa. a artd% Syt <RRSon

met hod ac Q{ér ﬁheﬂrﬂetﬁda é&é’Jréingj t% ce% foiéty ':sdpén§anf3¥&\l| Qf(vﬁéiﬁ)ne

di car bOXY'alcfSyh@Sd%erE&kboI se rret od accor d| ng to paragraph 73 wherein the
acryl is§ D7y IR mbifiodBdeBoiling RRGIGETSE WibrdhDing Q6ciibitatd) Mol b reaction product of
acet oacet oy &pbtyrhérRétion 6f ¢ btodcetoyBitlyl Gietatrflite biatBtobBiethdGelpRtecent by wei ght
of a conpmanthesadtiadiaecbrdinigonpérhgrap)ras iNbereio i redidnaty mletylisl tonhensddity qolytuadtienal

| sobut yl medidobats. yl at e and m xtures thereof. 25 77. The nethod accordi ng

t o par agr &$hThe3netlivd aedorvingHie pquagraph §% wherdimwmalgnatsandiaty is neerp@@edia apelmdstes wittes
~term @&t i crelyolzed a Tivactiopal eid| other dhan dnalegjc e@d. par agr aph 67 wherein the pol yester
i s prepar et Be mhtbod agserting o earagsaph yidwhesaln the elkeriersantairingoesimpersnels an glpharbeta

moi et i es siBparatedjostar G?F?‘f‘%’eff%‘r B m%?@F'ﬁ‘t"Q ﬁga BIy-eailaie; 2ol PairasrdpyPrapienate;

m xt ur es t%@?'@bf”“"h?f' aq'q't%e Sh 0 °’V<’1‘h€F“’aa msihacyigie: a r??b?@?@fﬁ@é RobyTBRIe3te; o

th | at d
acryl 8% °§B%ﬁ‘ % ﬁ“f : aggﬁghe ,,ye % jjm%ﬁgqggwa i SosPonl 5 splsciea
par agr aph ﬁ1 wherel ﬂre G %Siﬁﬁo%v{?% sgifectau e:fﬂ

hydr OXY' - ttﬁé H?oﬁks"‘t:cﬁ. sti?la gﬁfeé‘:é ‘éh RhidI R G&k o%cef'ﬂ@qc- Q\Brﬁ‘c L0R; Ghd S aROH- @
conmpound Nyt PoRddnéHR is' anphaBsth Bnsdiiafel Béstﬁﬂééleét@d ﬂ&ﬁY o &:prBﬁs?ng of$5oRct ed
from the afRuR; faomy tSokd-defyioRfpradlonatd; & Righer NiidHadlXadditiél E@a&na\t Gorpid Chcldl %t gdlyes
t her eof . &ma,ate&q,ow 5&%@5&%@ ng to paragraph 67 wherein t he
pol yest er QORI héiRA abRNdRlE ptitiaph UDWhE6IR the ety loReScontaifiig Bedpakentlis iatotqacdiste st er
ur et hanes Wishn@sbnbynt frddear @aaé payimedf hydr oxy-term nated pol yesters
44, The method according to paragraph 43 whersin the alpha-beta unsaturated ester is selected from the
50 group consisting of a poly-beta-acryloxypropionate and a higher Michael addition product of acrylic acid.
45. The method according to paragraph 44 wherein the unsaturated ester is an ester of trifunctional
alcohol and the molar ratio of alkene to methylene is 0.9-2.0.
46. The method according to claim 43 wherem the alpha-beta unsaturated ester is selected from the
group consisting of poly-acrylates.
55 47. The method according to paragraph 46 wherein the unsaturated ester is an ester of a trifunctional
alcohol and the molar ratio of alkene to methylene is 1.5-4.0.
48. The method according to paragraph 46 wherein the unsaturated ester is an ester of a difunctional
alcohol and the molar ratio of alkene to methylene is 1.5-2.2.
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and di -i socyanates. 81. The nethod according to paragraph 67 wherein the
pol yester conprises maleate and fumarate noieties incorporated in .
hydroxy-term nated pol yesters, -@&pd geem23B1f unctional isocyanate is conbined
40 with the polyester so that the hydroxy-term nated pol yester and

‘mul tifunctional isocyanate react in the presence of. the

net hyl ené®cBitmathed °ES’!5' PREISLaph (hewherei iho alpiarhstaanshtusgtashastdeis s@igttedArom the
capposi t |96Wp'§9?"éE‘A’I9 VF‘H‘@“‘?TE‘FWCR?'Y@F"‘%‘? agraph 1..83. A conposition

conpri si 'B%Fﬂ B?r?ﬂ“‘}? 49 eBiRCAR Mmalgale and Bimaclersion #P meyesters
conpgnent Foqrea‘eé éﬂaﬂ a%‘l ?Wa?’b?q"ﬂ@?’\‘l qe'ﬂ'ﬁ fafe Hap gbouh e

70 gram rak ents ci grams.

r eact’i on ?Téf“e? ‘Igﬂ‘c\gé’i to lg'ﬁ}é AFit B 000rps. 5 5j
net hyl en t R peupetionak 4
The zonp%lscéﬁl‘&tf} s%le&letpgon? i %Eé) E'éns:g\ % % 'ﬁ ];d%?:ﬁji re 'V‘f° ?W%"’gﬁﬁvﬂﬁ% S
sel ect ed 5 rﬁ@ﬁeﬁﬂd g‘gcgmggc&p %i&ﬂ%ﬁ regtgml | C
pol yRer ; ab&ik booein¥ eqiRalRAr vtdiHﬂP:E \e@@f'ﬁ n 55‘31%6(5 Bﬁlrns pdr'alk the _
conmpound g5ia MvalligYoddGhel @bdkt b.¢ bédivalbits BEF1BE prinary or secondar y &min
Manni ch' rs8achd MBthed @ebdkiing t@fpaﬁﬁiﬁﬂﬂgﬁrﬁierﬁm the pol&é&fefr%l B‘%Wé&efrd%‘@olmﬁ:ﬂmaﬁ and
M xt ur es aichiRisaloctediom the Ghup ddEistihG BPRBHent yoap StityD GlydoPmBR[HFEHHEBRalsts),
wher ei n tuimsstiy@ipkdparieyand mbtwesd ué‘redf,l 4nb o rald of yﬁ%telasumg)msagerslbg@de,{ roma
m Xt tr e cbondi kes4 ang about étdti.ary am ne-functi onal et hyl eni cal | y unsat ur at ed
coapnoneB4sHiegudtod atcanding: t @aggrephps3: @haéis thie rrgpoodf fusharand fo)rhasaenddbié pbnds is
met hacr ylbaween aboyi@tin g pedrbmd griwpy| net hacryl ani de and mi xture thereof. 86.
The corrp(‘]'§ i the siethed é’éﬂOG’iﬂlgO PatROARh &9 whastin B alkpnsrcontainivdheompenent ingludes a dibasic

o- f urfeifl iCoTRRNen eiher than mYkis pRid angfumarip eld uﬂels is aelmdrf;mem groemeansisting gf
co fhent2liPhgle ac'?‘h“éfc'{i??ﬁgé%?"dq *B‘H %E?ﬁtbﬁ"??f? par agr aph 86 wherein the

net hyl en§6 cCORMen °'°Er ! RIeEpErh ‘rﬁ’d’frﬁ@@é °aq'|ba§'8 é?'%ﬁé’é‘t'%‘?’@"? ﬂ?ﬂf’?"i"ﬂ'ﬁ&?'d gr oup.
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Bthe, @enyficyp penBie h
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reaction o ele@teé om the 98%1 fing ©F 4F difdeSild BIPbsXeR of GhnolébYd &sh. NDi et i es sel ect ed
fromthe g{BURKE Q&ﬁ;ﬁo&hémgcc@l’amﬁﬁb Qatafrapt B8 BWhabR the mothylene-containing component is
selected from the group consisting of an ester and an amide of acetoacetic acid and malonic acid; and
the alkene-containing component is an alpha-beta unsaturated ester selected from the group consisting
50 of a poly-acrylate; a poly-beta-acryloxypropionate; a higher Michael addition product of acrylic acid; a
poly-fumarate; a poly-maleate; and mixtures thereof.
124. The composition according to paragraph 123 wherein the methylene-containing component is
acetoacetate which is pendant from an acrylic polymer.
125. The composition according to paragraph 124 wherein the alpha-beta unsaturated ester is selected
56 from the group consisting of a poly-beta~acryloxyprop|onate and a higher Michael addition product of
acrylic acid.
126. The composition according to paragraph 125 wherein the unsaturated ester is an ester of a
trifunctional alcohol and the molar ratio of alkene to methylene is 0.9-2.0.
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grans. 1&€fd. The conposition according to paragraph 149 er elnt nunber
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The conpowiroimshseiced frainritp groupp@nsiging: phbulyiistbigiae) otiutyinelfatrpiat @nd MkukdsTar at e
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about 5003% ke sampsgjlidnastasding teeriatpiaph #3bswiersimthe ipoiyeste? 68 grealeTshagnes0 percent

al kefie- c8¥r & mInAg"conponent . 15 152. The conposition according to
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t
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'Et ‘%ﬁ sg opane
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NON 04 hy diseoysiateV bidly E3nd dn T dchRtcMbioty PEsRIRBA SroMNe ok léBn%fsuﬁJ‘&ré ate, @ Io -
rati o of ypropichatatasd mistursekre@bie and funarate doubl e bonds i's between about 0.4
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conponenternginagtrsipolypatar andhdiiispoyarates.d and fumaric acid which is selected from
t he ®r ouib44- The composition according to paragraph 121 wherein the alpha-beta unsaturated ester comprises

maleate and fumarate moieties incorporated in hydroxy-terminated: polyesters, and a multifunctional

isocyanate is combined with the polyester so that the hydroxy-terminated polyester and multifunctional

- isocyanate react in the presence of the methylene-containing component, tertiary amine and epoxide.
145. The composition according to paragraph 83 including a phenolic-containing component.
55 146. The composition according to paragraph 145 wherein the phenolic-containing component is

selected from the group consisting of alkylated phenols.

147. The composition according to paragraph 145 wherein the level of phenolic-containing component is

5-30 milliequivalents per 100 grams total weight of epoxide, tertiary amine, methylene-containing

Q-.-
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consi sting of aliphatic acid, cycloalrphatrc acid and m xtures thereof.

156. -The conposition accordrng t o paragraph 155 wherein the dibasic acid is
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conponent thefed8. A conposition conprising a nethyl ene-containi ng conponent
and an al R&hehe ormpasitiomerceding bnrardgraph 454 vieréin the Flolyestae -hao prbaternthangs0C @O e Nt
conpr i ses eplerfgrminetionest ers and nal eate esters and wherein the ratio of

f umar t e (189 The exmpesition @edorsingrta pasagmph HiGwhemindbe polyester is pmpareddbydtharedctiomesraei n
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kene- co a"‘ '0" %""5‘6 Ef%'i’“f‘?"@ﬁ hawefor di n o par agr aph
T
éfg V\’Q;er ei pd e e r a m c;éjs[terqﬁé\zn ma ae a fumar %ﬁi ere' are%? éqtrorﬂ_gfe
aver age t re &eraieg sglg ou conr cp{ "‘(pﬁ°é"°8?j?rf'{9a| ent

wei ght is 1bﬁ5ﬁ1etébﬁiao§ﬂ39%co$&r% qrmraaﬁrualmr%% &Q%rrg&érn& 29439%5? fe; ant®1-
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162. The composition according to. paragraph 148 wherein the polyester comprises maleate and
fumarate moieties incorporated in hydroxy-terminated polyesters, and a multifunctional isocyanate is
combined with the polyester so that the hydroxy-terminated polyester and multifunctional isocyanate
react in the presence of the methylene-containing component, tertiary amine and epoxide.
50 ' :
Claims

1. A method for preparing a cure composition comprising reacting a methylene-containing component (a)

with an alkene-containing component (b) in the presence of a tertiary amine component {c) and an

65 epoxide component (d) and, optionally, a phenolic-containing component (e) preferably wherein either

the amine component or the epoxide component is incorporated into either the methylene-containing
component or the alkylene containing component.
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50 : :

Claims

1. A method for preparing a cure composition comprising reacting a methylene-containing component (a)

with an alkene-containing component (b) in the presence of a tertiary amine component {(¢) and an

55 epoxide component (d) and, optionally, a phenolic-containing component (e) preferably wherein either

the amine component or the epoxide component is ‘incorporated into either the methylene-containing
component or the alkylene containing component.
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2. A nmethod according to claim1 wherein the nolar ratio of (c) To (d) 15
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