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AM NE BACKGROUND OF THE | NVENTI ON 5 Thi s ifvention

o coating conpositions based on a water-borne g fdy 8§ $roduct of

| - functional polyner, an epoxide, and a tertiary amn€, having ..
tility in coating netallic and paper substrates. It is nDre e

rly di rmms@nnaamng:m @Umt'rm MﬁﬁéUbRém automot i ve and¥% -
ngs Coat i hgs_.of [l art_are often di ssolved or dispersed in
ol vérft ﬁ%&“ o#rﬂ%ﬁﬁ;ﬁépl ACTD, ANR HEERTIERY | AY1¥rposi tions are
ed on epoxy r eSACBGROUND! DFKkaUIEM INWENTTONEN resins, usually in an

@ ER- BORNE COATI NG COMPOSI TI ON MADE FROM EPOXY RESI N, PC]_YI\/ERI C ACI D AND
RTI ARY

atal yzed prQcgeSsS, T nclease reness o1 "L he environ tal hazards
B ng of gani ¢ TS cHEVEREPE Felahed %ecae%gghepywﬁ?lons

TbBI)Se@I oﬁn 4 m@ﬁ%x(s)-yvs?mt hehcmrolrbq;mzhd:edoﬂoa @alr-bobml-re rrgre
t.echnique (0] sra atin ut al so
3%Qi§iﬂ45#12§;pmﬁ%’e %#aﬂﬂtq ?rgﬁ?ﬁﬁgrguggaﬂﬁnlon o¥

hsamﬁng)rgeaidraﬁ' mtnblzsbyvent saatimgaﬁtmmtorrandi peper are all

cUm$oﬂ%ﬂinnS‘&s@B®13®s aubiagwitd vel Bitd ean éoﬁﬂingﬁﬁ - Wi (1977)

s IS R SR AR By

are | ess
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stable thapdlesidgd 8 LACKpRGIA ARl bPEeR" 8389bIVALEN I O

or dispersed in organic solvents. Among commonly util-
ized thermosetting compositions are those based on epoxy
resins crosslinked with nitrogen resins, usually in an
acid catalyzed process.
| Increased awareness of the environmental

hazards of allowlng organic solvent vapbrs to enter the
atm0sphere,'the desirability of a single system that can
be applied not only by the more conventional techniques
of spray, roller or flow coating but also by electrodep-
ositlon, and the economy resulting from the substitution

of water for some or all of the solvents in a coating

25

30

35

composition, are all factors mitigating in favor of
water-borne coating compositions.

Aqueous epoxy-aérylié-amine coating composi-
tions of other investigators, including U.S. Patents
3,969,300 - Nagata (1976) and 4,021,396 - Wu (1977) are
less stable than desired or lack advantages of the
present invention.

The composition of this invention is an agqueous i}
solution or dispefsion of the reaction product of a '_7 '
carboxyl-functional polymer, a terminally funetional _ Y.

epoxy resin, and a tertiary amine. Such a water-borne
system can optionally contaln a crosslinking agent, 1s
stable, and can be applied to metallic substrates by
spray, roller, dip or flow coating or by electrodeposi-’
tion at the anode and to paper.



30 The conposition of this invention is an aqueous sol ution or 1
di spersi‘on of the reattion product of a carboxyl - functi onal polyner, a _
terrr\n,a-l\ly functional epoxy resin, and a tertiary amne. Such a vvater-borne ‘
syst em can opti.onal |y contain a’ crossllnk2ng agent, ~is 35 stable, and can

be applied to nmetallic substr r p or flow coating or
by ot ect rodeposi- tion at th St oF e EM%IOW UVWARY. OF THE _

| NVENTI ON Accordi ng to t Heqording tovbhei BResens: dnveniian debhare is
wat er - bor ne Cogbb%&ofﬁq;pg%éwﬂ-@@fﬁé QBaBthﬁébkn%of%li%tiQ{r{'ada/sé@ éa of

pol ynmeric acid the reaction not | ess than 50%
based on the wergHmestlq Quafemnary S%leﬁePabPQIHB‘Fm@séqjk%ﬁ] Wiy £
preferably agouhe7$%adﬁidﬁl saYet €§£0 containing, on the average, two

caui val ent e ght §A%73 t’é%%’%ﬁ@ 85K, "Boset! SsothebnLeherofr kY, oy

about 3000; (B) a carbgis f(BY pﬁefe?ablyenorcnlerssarmm mjlnoent to .
[ | east about 75, nost -

provi de at |east 1.25, 5 '

preferably about 4.6, é% ‘%ﬁﬂ I‘PoBBr 68%y °5r G £P Weﬁ“?sf%nsour ce of
LHEbcarPoxyl group is aorwsaimping conctle avdrage,cdwo Zeérmimalal ents of
car boxyl grgyps, * C ps is-a
dlé)rot e 20%5 aC|]()"2 p%‘?o%u%%‘gﬁ\l\gg?' %’@%3‘33? %}O%Jg%&ﬁg % epoxy’
résin of (A), said pol )armxmaaqwfgvalantgweishﬁr@@eﬂﬁﬂ-eﬁﬂﬂm; peéeferably -

(determned by light s Iﬁa ﬁo@B I“Bég’ Q0Q-,LSHATP . a s &f ©586bY .a_bout '

.-10, 000- 80, 000, DSt pre erab
_ -~ (B) a carboxyl—functional polymer in an amount

_ , sufficient to provide at least 1. 25, nreferably
- 15 at least about 1.75, most preferably about 4.6,
' ' ‘equivalents of carboxyl groups, when the.source~
of the carboxyl group 1s a mono-protic acid, and
- at least 2. O'equivalentS'ef carbbxyl groups,
_ ) when the source of such groups is-a’ diprotic
20 - : acid, per. equivalent of 1,2-epoxy groups in the
' epoxy resin of (A), saild polymer having -a weight
average molecular weight (determined by 1ight
~scattering) of .about 10 000—160 000, preferably sbout
. .10,000-80,000, most preferably about 13,000- _
25 - 18,000, and an acid number of 100-500 g
o -100-150 or 150-250; .and - - - o .
(C) -an aqueous solution of at least 1.25, preferably
at least about 1.75,most prefersbly at.least about 3.0,
_ _ 'equivalents of a tertiary amine per equivalent
30 - of 1,2-epoxy groups in the epoxy resin of (4),
:  said tertiary amine being selected from the .
. group consisting of R R RN, pyridine, N-methyl
-pyrrole, N—methyl piperidine, N-methyl pyrroli-
_ _ dine, N-methyl morpholine, and mixtures thereof .
35 and wherein R; and R, are substituted or

ERER -

B T . - o -
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" pyridine,
N- net hyl

18, 000, and -an acid nunber of 100- 500, e.g 100 -150 or 150-250;

(CD an aqueous solution of at least -1.25, preferably at |egast about.
‘nost preferably at |east about 3.0, equivalents of a tertiary anine

r ~equi val ent 30 S of 1, 2- epoSy-groups in the epoxy resin of (A),

sald tertiary am ne being sel ected fromthe group consisting of [ERR],

~—~

N-nmethyl pyrrole, N-nethyl piperidine, Nnethyl pyrroli- dlne, (R

norphoH|uasuhﬁtﬁﬁu@aﬂempm¢Kﬂkgmt3§lkyl groupadcansednANEERR] and”

[ERR] are substit g wo BAASHPSs (%rhlé efl, "eReVAL B ﬁbi‘ﬁhoﬂ'r

cont ai ni ng one or tV\D car on atons in

substituted or un:ﬁgos’tsr t%t%&’%‘@*&%ﬁ%rﬁr aEF‘P@‘FbﬁF

at ons;

5

al kyl gortlon an
E%t%@nPﬁFﬁVﬁéePiﬂ carbon:

(D) 219841 g5yad céx@t@ﬁ%n@flﬂﬂecﬁmtat&ﬁﬁwed for

st0|ch|onetr| reactlon th the ¢ functi onal of (B) of at
| east Bne pkP &&W\;ﬁy Q’te?q%g #a’?ﬁ%@"ﬁﬁu%n%?‘g ¥g§n£P Tquat er nary

ammoni um hydr OXI destdiclfiomeml:mrel:neé/ctSoxatwimsthaboarbﬁxmlS( [ERR]) .

 Chcontary o tore e SRR FOhaRte SRR Lo P RPERASY, bak ERLaRbr o e

~ per. 100 grais of amabqﬂaquﬁnrrﬁe&tzﬁmmyamamd arlmonhﬁuapbxynaQU|valent :
wei ght di vi ded by- teﬂ&§¥§ é&éﬁgdéncrea3|ng ratios of carboxyl
eammm

‘groups to 1, 2-epoxy groups,

am ne’+ s’ i-ncreased, .- above the :

quant i 1§ stuhéaeﬂﬂ'@CFSeﬂﬁi%ﬂﬁﬁﬁaQHRFFnQﬁQnﬁﬁ@%cbeﬁ%ﬁye%G ¥edisr &hiese t he.
car boxyl grﬁﬂﬂiaddﬁﬂVENent of carboxyl groups neutralized by primary,
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secondary or tertiary amine or monofunct;onal quaternary -
ammonium hydroxide per 100 grams of acid polymer plus o
'_epoxy, and X is the epoxy equivalent weight divided by
1000; and ' o .
wherein for 1ncrea51ng ratios of carboxyl groups to -
1 2-epoxy groups, the amount of‘amlne is increased, .
above the quantity stated in .(C), and above the minimum
necessary to neutralise the carboxyl groups, -to keep
the . carboxyl ~functional polymer water dispersible.
Preferably, components (A), (B) and (C) are capable of
forming a hydrogel structure with componeﬁts-(A);'(B) .f
and (C) comprising about 0.1-50% of the coating composi-
tion and the remainder comprieing water end optionally,
organic llquld(s) in a volume ratio of from 70:30 to all
. water, sometimes preferably 80:20. (Percentages, ' o
- proportions and ratlos hereln are by welght except where
1ndlcated otherwise. ) '

§ :
L

g~



20 t he. carboxyl -functional polynmer water dispersible. Preferably,
conponent's (A), :(.B)--and-(C) are capable of formi ng a hydrogel structure
wi th conponents (A), (B) and (C) conprising about 0.1-50% of the coating
conpOSl tion;and ‘the remai nder conpriskig water and,. optionally, 25
organic I|qU|d(s) in-avolunme ratio of from70:30 to all water, sonetines
preferably 80:20. (Percentages, proportions and ratios hereln are by

wei ght except where i cate St tion may. for

i nstance be one in mhnﬁﬂl?h%°@%?ﬁb§§?nfﬂ%¥tF8Ha9nﬁgﬁg§§ s P%esBht in an
anount suffi ci-enthich ptiowi darﬁoﬁy?-ﬁuaqtlwab.énpslymeraibomesyrmjplsnpmn
equi val ent.- of 1 X 5 t ect grki ) 1S
present in the éﬁ%ﬂ %ugfgggégtetﬂlerP E 5 g Elgépé %iégzéé;oxy
groups. The wat etatfoexel canoupg DeanQUFvaheaénoﬁele20§§OHNrﬁ&gﬁﬂﬁihout
the additg on of 8,§7 088! tOKLDAr$I8MindOor (CYT 1509%9,%&' in ithe Hogrtai n

crosslinking-agents_such as a nitrogen resin or phenolic resin, as well"

as additives codﬁ%n?yongr$|QﬂﬁlYﬂlﬁﬁﬁﬁlH@rcﬁﬁﬁéyﬁﬂﬁﬁﬁs°§Uéh%§929%ﬂmwﬂs
fillers, W absqg§5ﬁ§s and the Iike. DESCRI PTI ON OF THE INVENTICN 15

Tlae wat er - borne coatin £S|t on_of th% i nventian § a-sol ution or
di spersion of the reac ng Sﬂu PENGf CQATLPEX FOMRISItIoR GaL 18, STAFF e,
and a carboxyi1ﬁkmthﬂﬁhbupotnaeadd1Byoﬁlnfng bbeselmmmmmgﬂagenﬂ a

‘ #hdom O{h%ﬁfag“g‘?ﬁ;%f 10:28°005 38hULLRRALR! chbdlh YRR e dt ATV -

anlnes S
- such as a nitrogen re31n or a phenollc re51n, as well

as additives commonly utilized in coating compositions
such as pigménts, fillers, UV absorbers, and the like. =
' - DESCRIPTION OF THE INVENTION i
‘15 '_ . . The water—borne coating composition of the

invention is a solutlon or dlsperslon of the reactlon
. products of an epoxy resin, a. tertiary amine, and &

ry




'.'ine“'a stabl e, water sol uble or disﬁgrsible salt of a'b polyheric
al er nary annnniunlhydroxide and a_carboxyl- functional .polynper results

h caney Op,?:?ﬁf] ﬂl‘!}ﬁfb{zﬁi hey.i%ﬁl@f adﬂkt Fﬁ@t&{g %{é@%oﬁgeas%%' ng

;o~nts I on 0 n_exter crosslnki g@ uch as a
. ni trogen iésanranﬁQﬂ)Onﬂqnw%mdau§1b§§in5k3§N@QH§:ﬁﬂlﬂ¢ ngr ofi spersion __

uhich is Bghhg 8pdNd Gt Pary UaRincBOLhOROS {idnhy1 { Benadld and tRg

sol ution or sl.on .cont.al ni ng an exter nal Cross

Kk
i i {0l §TAREal 80REARIG VEATHT HALRRP DRcOLSRERRHUIRRLE B Bs o

sol ;J_t l °$ éél?fne&i@l mertsemmﬁ émaﬁiumdﬁpe@demieoraﬁmea ng&rbexghL - he
particu

t he st h t th t t
Paui val enfURBFARPAL BRIy IRE e Tal E0 BBLeh shh oo mrmas LhREedr the
[) e_si2 gous wﬂﬁnouen'ttthter@ddﬁstibﬁwfV@ﬁ’reﬁ?él\/\h@bs@lﬁrﬂﬂf@t Sag?ﬁ?ﬁappears tot
e 20- a glear uti-on i bl e S. O e_gonponent s
e in & BhEbplatahddid R B8 BnoekfRnal dr i iRtk hB8E0TY
- "ﬁisger5|subhwaslabmmtrngencresmn;ealbe wﬂﬁmxmwmnﬁrnsslﬁgkab&Fos|t|Qn; '
The di e a 1 nki ng_. ’ :
ot eparch SEufkel Pk Yrshdtitln Wnfihor8oean el 100 AR ReBIE S 0n 10 L
- 5.0% UpbnrenylB@thIunmposi#ﬂ@ms,rbhessait fandmtiheesisglektenl omt = o
: t t d I £ 0 .
[esTStance, kgeatly dnBnIE 4 ke Rl R RNIERY 4800 ore
|nvent|oniaféné@m&ﬂﬂq1lMﬁﬂhle|Wﬂthewater One class- of slch resins, viz.
the "Epon” resins mypdined Dt odbabing! Bsm%@e.r%rzepsfgrgyiata'éﬁRl 35

15 or a dispersion is. largely dependent on the nature of

nthe particular amine used, the stoichiometry of the
sjstem; and the epoxy equivaTent'Weight; Even when the
‘composition is opaque some of the resinous components
may be dissolved, and when the composition appears to oe

" 5o 2 clear solution it is possible that small amounts of

' the components are in a dispersed state. For sake of _
simplicity, hereafter the term "dispersion” will be used |
to denote the water-borne coauing composit*on

: _ The dispersion, with or without an external
éshcrosslinking agent, as prepared _usually has a pH of
'_above 7 and & nonvolatile content of up to 50% Upon _
drying, a hard, solvent-resistant film having excellent
resistance to acids, bases, hot wauer, and detergent
results ' ) ' _
30 ' The 1ow molecular Weight epoxy resins ta be
' :utillzed in tne present 1nventlon are commonly known in
the art. One class of such resins, viz. the "Epon" resins R e
mentioned below, has. the generallzed formula

e _{ ‘ @m }_ @ @ocu



‘wherein Ris an al kyl ene group of 1-4 carbon atons and n is an integer frii%}

1-12. The epoxy, resi-ns utilized in this invention contain an average of t

term nal 1, 2-epoxy groups per nolecule and are in the epoxy 5 equival ent

wei ght range of 750-5000,. preferably 1§Q0-4000. They can also contain

subst t ut ed aronatlc rlngs One such preferred epoxy:resin is "Epon 1004"
whegre Ris is@ e, the e val'ue o s ‘5, havi an_epoxy

eqU| val ent We‘f‘ﬁ 372 16‘2‘58‘ ngf'(Pl%R/ecFé\gj; % caroeR @Eg 8TF?e

epoxy eqU|vaIﬁstameigheger wwbmnddlestfﬁhqy&puxyﬁre$$mm nbﬁlhzedngnl

gram equi va- 4eaL ShvERBELAC BRRASU e ik AT 405 20 e HhEngeat | N0

conposi tion contai ning 0SSy
chemi cal | y- reésatanoxv|gwpupAn@ewemm@ﬁauiaeﬁh@fammo&w thei epPEY” Epon
100. 7" wh 1

erg %hivéi@ﬁ%oli}%&%g”?%%,e oz efﬁﬂ-eid’(?d uey i é. l§' 13?@3”46 oan

epoxy equi val ent wel wi tH ar avetage o out 7545 The
coati ng conpo§h§Yoﬁa§oﬁﬂ§PnFﬁ@bﬂﬁﬁm$UQﬁFﬂtQ§QQN%EP@ﬁE%%yr138§gh erxibIe

films upon cure. AnothgheZQthe éfg}ﬁg&»%gxﬁ?aﬂﬁﬁﬂ%|pghmﬁpoﬁp§00§®09
made chain ex i ng
8s

mnth an avera o] equi val ent _wei ght of

"Epon 820" ( EYReT8) Rl fh IGPDERBNI dehepn Ehe, AXTREES VEHES BB L8sPm Lo be

utilized in thgvaegt Ia@gegfamossdui&faxénﬁ hiré1 d e@fl QWSJ-iodSEGMt%am ned in
(0] car

I h | ati
gount & ar L0 GBRGABGA! O6n ePRR o NIOLe npr L AR T tHELORY | NGLBAE ther e

must be at Iedefiﬁé%;aprehergmamalmﬂlnesinmnnmﬂafﬁiﬁ@@& ghampeguivasi n

present. Ther b her 2 r ef b | east

1.75, and m)s?eg‘:| Pgrg Py a %Is”g{e%s%(fﬁ\eoj f%SlgM(])I? f6 oxyfﬁgr ééﬁ'gg%

equi val ent of compospbipngconpalind nghd'Bgmox L@kt ra*“ﬂthr@s nanglmasmqu. val ent

re rement fo ntain
qui %¥§§E§8 bhkhd: %r%@*yggﬁiyéﬁ%‘ enlca+¥y bR %@r@? & !

nnnoprotlc aC| &rived ron1a aturated acid
5 epoxy resin is "Epon 1007' where is isopropylidene,

the average value of n is 11 having an epoxy equlvalent
‘welght of 2000-2500, with an average of about 2175+50.
‘The coating composition containing "Epon 1007" affords
glossy, tough, flexible films upon cure. Another
20lpréferred'epoxy'is an analog of "Epon 1009"™ with an
average epoky'eQuivalent weight of 3000 made by_éhain
. extending "Epon 829" (EW 195) with bisphenol A.
The quantity of the eboxy resin to be utilized
in the coating-composition of this invention is deter-
25 mined in relation to the amount of carboxyl-functional
polymer and the relative amounté are dependent on the
end use application of the coating but there must be
at least 50%, preferably in the range of 65-90%, of
_ u epoxy resin present. There must be, furthermore, at
i' ' 30 least 1.25, prefefably.at least 1.75, and most preferably
) about 4.6, equilvalents of carboxyl groups per equivalent
of 1,2-epoxy groups in the époxy resin. This minimum
equivalent reqﬁirement is valid for those carboxyl-
" functional polymers which contain monoprotic acids
35 derived from alpha,beta-ethylenically unsaturated acid

R



Jpnoners such as acryli.c acid, nmethacrylic acid, nono- esters of al kanols

{ ving 1-8 carbon atons with diacids, such as maleic acid;  itaconic acid,

\_ mari ¢ acid, nesaconic acid, citraconic acid and the like, and 5 m xtures
ereof. For those carboxyl - functlonaF1ponners whi ch contain diprotic

aci ds derived fromdiacids such as maleic acid, itaconic acid, fumaric -

aci d, nesac@ﬁn@maESdsuGhtﬁéc@wmwhiﬂ(ﬂckﬁujmﬁthanm$liheaebd, mbBOR Ni nuM v,

[ equi r ement o4 ge2s0 &qgmh%& S naRfeleraly ycié'}béﬁaééorgs %&%egfgxih‘ams of

car boxyl group p oups
preferably ﬁBchnﬁé ma&ais GCi%qwikﬂQQRiF(ﬁciﬁutfﬂ@ﬂréﬁoﬂgéd,per equi val ent

of 1,2-epoxpmeghebpic Welld beeiﬁfz%?@fﬂic THe1eaih@xyhe f YpREL 0BAly pol ymers
utilized sn 15 this invention prepared by conv ntional free radical

pol yner i z&t PAKEUBERNIE &&€§°rfr-om T [thigge e XY+ ehiBSE Lonahs ROGTHEES
nmonomer andwhicheashteit enmﬂmmaddmw@@ﬁwedeﬂraﬁl digendasesuchhe choice
of the alphabeta u satur (iﬁ?égﬁia(sﬁﬁ%- |cta ed b the 20 intended end
use of the #Bal'P Eoﬁﬁ ti ¢& rtt TR e uRP ﬂ?t@ﬁ ago P&Plety of
aci d nnnoneaeidancheﬂamamidianﬂd;ﬁanﬂnmixtmneﬂepbaﬂeof onhéhaidﬁammed

nsat uf i oo APRCSRER B0l S RIS RS AFTHOLE; ShoRBRe Lol .

di basi.c h@|aqumwadbnmg,c@ﬁbbﬁn&ax&ﬂﬂgrwupkpemeloﬂheponnnsnenps) used to

by the st BPRE S PEGER et T, ORi6 pheferdbty pPRskitag e ®

» equivalents of carboxyl groups, per equivalent of
1,2-epoxy_groups, will be present.
The carboxyl-functlional polymers utilized in
15 this invention are prepared by conventional free
radical polymerization techniques from at least one
ethylenically unsaturated monomer and at least one
ethylenically-unsaﬁurated acid monomer. The choice of
the alpha,beta-unsaturated monomer(s) is dictated by the
20 intended end use of the coating composition and is
practically unlimited. A variety of acid monomers can
be used; thelr selection is dependent on the desired
final polymer properties.
This acid monomer can be an ethylenically
25 unsaturated acid, mono-protic or diprotic, anhydride or
monoester of a dibasic acid, which is copolymerizable
with the other monomer(s) used to prepare the polymer.
Illustrdtive monobasic acids are those repre-
sented by the structure

car bon

?

CH2 = C - COOH
where R is hydrogen or an alkyl radlcal of 1-6 carbon
atoms. '

30 | R . ' ®

Suitable dibasic acids are those represented
35 by the formula

L4



aﬁons. Sui t abl e di basic acids are. those represented'35'by the formul a H.(fﬁg”
[ERR] 10 15 where [ERR] and [ERR] .are hgdrogen, an al kyl radical of 1-8 '

.carpon atons, hal ogen, cycl oal kyl of :3-7 carbon atoms or phenyl, and [ERR]

is amal kyl ene radical of 1-6 gbgon at ons. f-esters of these acids with
al kanol s of 1-8 carbon atons a sui t abke.2 20 - The nost

p(gferred acid nononers are acrylaefgﬂ Qﬂﬂégggy[ic acid, and itaconic
acid. The acid nunber of the pol s is 100- gWi ch corresponds to
concentratlons “of about 10-77% of'it he acid nononers” by wei ght of the.

pol ymer: ~'The acid- 25 nunber is the nunber of mlligranms of potassium

-hydroxide required to neutralize one gramof the polymer. For purposes of
illustrati &, an acid number of 100 corres- ponds.to the presence in the

pol yner of elther 12. 8% acrylic Bl 15 . 3% aret hacrylic acid, 11.5% of
itaconic 30 acid, or 10.3% of mal € gr r|c aci d. An acid nunber of
. 500 corresponds to 64% of acryI|C'

Q{Wff hacryllc aci d, 57 5% of "
itaconic.acid, or 51.5% of nalHO@Cor funarlc aé? n? t he. pol ymer. -

Preferred acid nunber val ues are 150-350.. 35 Vinyl -arofmeti.c nnnonefs are

qgnnnnly utilized to be copolynerlzed with. t he acrd nDnoners They are
represent em by the str uct ure: x :

. R COOH :
>c < .
. R R3COOH ' .
| 15 where Rl and R2 are hydrogen, an alkyl radical of 1-8
. earbon atoms, halogen, cycloalkyl of 3-T carbon atoms or
B phenyl, and R3 1s an alkylene radical of 1-6 carbon atoms.
. Half-esters of these acids with alkanols of 1-8 carbon
'atoms are also suitable. _
20 - The most preferred acid monomers are acrylic_
' acid methacrylic acid, and itaconic acid.

' - The acid dumbér of the polymers is 100-500,
“which cor*esponds to concentrations of .about 10—77n of
 the acid monomers by weight of the polymer._ The acid- B

.25 number is the number aof mLUngms of potassium hydroxide
.required to neutralize one gram of the polymer. For
purposes. of illustrat;on,_an acid nunoer of 100 corres-
ponds to the ‘presence in the polymer of either 12.8%
acryl:.c ac:Ld, 15.3% of methacryl:.c ac:Ld‘, 11. 3% of 1tacon...c

30 acid, or 10. 3% of maleic or fumaric ‘acid. An ao:\.d nun.o_e;
h of 500 corresponds to 64% of acrylic ac1d,_76 5% of
methacrylic ac1d, 57.5% of ltaconlc acid, or 51 5% of
’eic or fumaric acid in uhe polymer._ ?referred acid
number values are 150~ 350 C

35
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[ERR] where R, [ERR], [ERR], and [ERR] are
ogen or an al kyl radical 10 of 1-5 carbon atons. |Illustrative of these

pAoners are styrene, [ERR]-nethyl stypene, vinyl toluene, and the |ike.
The, best polyners, in ternms of final filmproperties, are those jn which

this type of nononer i y he Vi rﬁﬁyt' e L
present from 0-80% ofvfstgﬁfhé%gglrag%%&oﬁﬂ%q%na péo y@wﬁ‘;@%g?%?y fromy
40- 80% nostoprefeenblymerdzedowidh thed andatinonemens at Toheyearetrati ons
of about 437e§§eséﬁﬁe§6%§ftﬁ%rs%?%%t%&%ﬂoses'10'4596”?y be preferred and,

I n some applications, the polymer contains no such nohoner. 20

O her commonly utilized nononers are @hg [ ERRlg unsaturated nitriles
representg:d by the structure: [ERR] 2% whey [E'RR] and [ ERR] are hydrogen,
an al kyl Tadical of 1-18 carbon atons, tonT?qpenzyl or phenyl, and R is

hydrogen or nethyl. Mst commonly utg¢ ed are:%crylonitrile and
met hacrylonitrile. The nitrile nono an be present from 0-40% based on
t he carboxyl -functional 30 polyner. (ol ymers preferably contain 10-30%

and nore preferably 18-22% of the polyner, of the nitrile nononer. For
certain purgpeee Ri Y Be ,degid ] ard m%géﬂ%ﬂfahhamylrrbai@anom .
and in Zﬁﬂg gﬁieg no ch noner |Q§Iude in_the polyners. 35 O her
sui t abl Rbmire SAEPOL: &EOMSr Al itYSeLRE e R nERFFRi BOBEMETSr 2Fext ur es
t her elof Wi L htxff-eﬁeall)kamlemyldemfz@rrrﬁ Wyl stelwehidp anihyhe Qﬁ.lltyél., g s
propyl, n- IS t n - et ex ters * 5 rylic acid or
nmet hacryl i_cJﬂg%i 8388 ﬁP&?’Hﬂﬁg‘é ’o%‘r%fca\r[‘f'né%t%‘# sffn%eggilasPEPgegggle%e present
i n concent rareothose ln which this type of monomer 1s styrene. The_
vinyl aromatic monomers can be present from 0-80% of
15 the carboxyl-functional polymer, preferably from_uo-SO%,
- most preferably from 40-70%, and specifically at concen-
trations of about 42, 53, and 66%. For some purposes
..10~-45% may be preferred and, in some applications, the
polymer contains no such monomer.

20 . Other commonly utilized monomers are the
@Bb-unsaturated nitriles represented by the structure:
R R
C=C-~-CN
Ry” .

25 where R and Rl are hydrogen, an alkyl radical of 1-18

carbon atoms, tolyl, benzyl or phenyl, and R2 is hydrogen

or methyl. Most commonly utilized are acrylonitrile

and methacrylbnitrile. The nitrile monomer can be _

present from 0-40% based on the carboxyl-functional
30 polymer. The polymers preferably contain 10-30% and ' .'
more preferably 18-22% of the polymer, of the nitrile
monomer. For certain purposes it may be desirable to
use 5-10% of the nitrile monomer and in some cases no
such monomer 1s included in the polymers. '

“l
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of 0- 97% preferably 50- 90% for automotive finishes and coil coat'i-ngs' a-
for -can coati ngs, and.appl i ance fini sheségsr eferably 0-50% 10 O =
can—al so utilize hydroxyl al kyl (rret h) yl ate nononers such as. S
hydr oxyet hyl acrylate, rOXy, acr | at e, dr.oxyet hyl tha Lyl ate,
hydr oxypr opyl met hacryl srﬂi%tagf%% @?ﬁ‘s aﬁ% é%@"% o?f g#’er(s)
caRr_be lnCOFp@éﬂd?dmetﬁacryllc acidtorramib’euﬁem thbireoff oritier® 1 gses,
to i ncl ude up r nL ry. ijg-o an
N- al koxymet hy?‘ acr ?F‘frﬁpglgg%c#é%%%%%buﬁgx?%m é%
(meth)acryl anpriepylAI nebmedyilydlsgbutyb) yamd Eeathvﬁhng&‘domﬂ’@em i o8d
acryl am de ryl agt.e r de and
an al kanol '-?o g?%gggeggn %gfi %gexyme ﬁaf{? %05'8 6k ﬁi%%lé;sg c%)? %EQM
particul ar noesters.t o Theseautdgtierns ¢an nh@lepmshnﬁeépe@tOQQ?QW'@ﬁ@Inﬁse of
the coating C&fpesbwonﬁogﬁ%'&fﬁ:hf%mugEfofoaaeambvc&% %&Ar%ageand

leni ca

styrene/acryloni triler | y unsaturat_ed

aci d/'/ 45-'84] 19038/ ¢9akingsolnshn 16, cg@%}#@&@/&@ﬂyﬁm%%%?m kyI _- |

“(nmeth) acryla RRk- etpd llsad GAl dysegsat ur at ed
ag d//30-60/1 Sié%ﬁo 50/ 15- b4, af%’? can goatl ng and appliance fi ni shes; .
3 .

styrene/ alX§l (neth)- 3 Onecqantals ekl lisay hgdroayilplieht (mathd-
aci d/ / 20- 70/ 190694 2t %rﬁfmez%’eéh&?r&s pﬁ?&%ﬁ?b&&h 53@94;,;3&@9 IRyatoxy

a‘OITDtIVE t opcoat s and-priners; t hyl et hacr:

a
.(met h) acryl at BF PRRR] W)llaéiﬁscé?ﬂ@r%ﬁé%?hyat mgt éecamlair@ AdrndroRy propy 1
for autonntlvmeendcewﬂaﬁéXﬂﬁrm&&%&&és BBepabirQNsUp ARy 2% the sheme can

2Ryl aroup oPSERE RN e HRRTIBGT 4 RBromer | preferanly ethyl . |
n- but yl, |;§5) butyl or 2-Tdf mdy Ftﬁe<ydesirable, for certain uses, to = - :
B include up to 20% of the polymer- of- acrylam:.de methacrylamde or .
an N—alzcoxymethyl.(meth)acrylamide such as N—isobutoxy- |
‘methyl (meth)acrylamide. A.Lternatively, a polymer |
contai‘ning copolymer ized acrylamide or methacrylamide
20 can be nost-reacted with formaldehyde and an alkanol to
: produce an N—alkoxymethylated polymer. .
o Choice of the particular monomers to be
:utilized is made with respec¢t to the end use ‘of the
coa‘cing composition Preferred poljmer comnositlons -
25 include: - styrene/ acryloni trile/a,B -ethylenlcally
unsaturated acid//u5-84/10~30/15 54 for can coatlng,.
| styrene/acrylonitrile/alkyl (meth) acrylate/ra ﬁ—ethylen—
‘ically unsaturated acid//30-60/10-30/10-50/15-54, for can
- coatings and appliance-- finisﬁes;- "styﬁen'e/alkyl (meth)-
30 acrylate/< -.8—'ei.hylen'nally unsauufe ed ac 1d//20~70/2 0-00/
- 15-54 or, even more n*'ef'erably, 35-60/30-50/15-54, for
' .autonotive topcoats ‘and primers; ; methyl methacrylate/
e _alkyl (me uh)acryla.te/a, —ethylenica.l ¥ unsaturated ac.Ld// : |
o 20-40/30-Tl/15- 54, for automotive and c011 coating aopli-
35 cations. ‘Any of the above can also inélude hydroxyalkyl

"



TMONMers, in proper anounts, in an Qrg&nic liquid nmedium.. I'n general, this
~qui d is an organic |iquid capabl e of “medi um hydrogen bondi ng, or a

conbi nation,of this liquid w | ess. .t Rhan_ahout, 50% n nic liquid
capabl e of éf"F&‘FFL}W&'% ﬁ@%ﬂﬂdfﬂﬁ#hgﬁé’pg ,e't(;\g{q‘?qﬁggg gdi um for
t he pol yner griotgt iogh ttse alkpl cGhethiieryilete gomomer yis2préefeasbllyand 38%
of butyl cell l.ve, er i hch..caul _ i ncl ude either '
mater-solubpggiﬁﬁ TH%ﬁ#i;kgggﬁggﬁy%ngp?igﬁgﬁﬁyﬁﬁﬁﬁgiketone can al so
contai n less than abofhe&ozerhoryilefunrédongly polymarsiieanybene gl ycol
nono- al kyl re"a"’ﬁ@f fﬁ@* r ai o ar pan ), or
diacetonegaP%%#a? and/ réan a tg%%ﬁ ggﬂf§%n%ér on_atéﬁ% %@ gﬁa_ggznediol-
of 1-7 car b8Ro¥ndi®e. 1n marpcopsanter diqndd medismet A gen9Taket $RdSused by

i tself. Anoghamiid afLrdehr@shien §e5uthe chpy R iFRinddibf Rydbyigene of
net hyl . et hyl Ketone and et’hyl ene gl ycol nong- %3%{1 ether. "A catal yst or
pol yner i zat PORAIRGs A%rd | @Eﬁ%ﬁgiﬂﬁrpﬁytag§d' Uit whthkessatiéR of

the. carboxghoutumtd ¥Rl aRobygBRSe 10qule Wblw@troﬁgi ﬁy@@azé&any' -
free radlcab i njtiator that deconposes with a half--life of 0.5 to 2.5 -
hours atl@h c*éﬁ%ﬂ%c-tenperature'of the organic I'i qui d medi um bei hg used.

Tert:ary butyl 30 per bprgpek&b1§gr thar y_j—_%@_tm Immpfgg! ghe, p@n_g-ﬁ{equ i..ary
Dyl per Oy S AL o 810 BLEL ST RSSO Y kRS R e
nol ecul ar. wairght38%sofiaiwtylnedlhpsbilyet. sOttiey meifiia nghiich goudld be
conveni entl y,o 3Py P (B L PP SR 9IRESYAAW1e or 1nsoluble ketones.
15 Optionally, the ketone can also contain Iess than about
50% of an ethylene glycol- or diethylene-glycdl mono-
alkyl ether (where the alkyl,groub contains 1-4 carbon
-atoms), or diacetone aleohol, and/or an alkanol of 1-4
carbon atoms or an alkanediol'of”IFT carbon_atoms;' A
20 preferred medium 1s methyl ethyl ketone used b§ itself.
Another preferred medium for the polymerization is a
mixture of methyl ethyl ketone and ethylene glyecol mono- -
butyl'ether. . o o L _ .
. _ A catalyst'or poiymeriZation Initiator is
'25 ordinarily used in thepahmenuatum, of the carboxyl-
- functional polymers, in the usual amounts. This can be
any free radical initlator that decomposes with a half- -
'-lifé;of'o,s to 2.5 hours at the reflux temperature of
" the organic liquid medium being used.. Tertiary butyl
30 perbenzoate, tertiary butyl peroxypivalate,"and-i
- tertiary butyl peroxylsobutyrate are preferred.:
' The polymers utilized in the water-borne
coating composition of this invention have a Weight ' o
average molecular weight, as determined by light'scatterQ
35 ing or, more conveniently, gel permeation chromatography,_

;-g%_)carboxyl-functional pol ymers -can be prepéred by pol ymeri zi ng suitabfe



using a polystyrene standard, calibrated by |light scattering nethods of é:y
aboyt 10, 000- 160, 000: The preferred wei ght average nol ecul ar wei ght range

IS 10 000- 80, 000. For sone, appllcatlons a 13, 000-18, 000 5 nol ecul ar wei ght

is preferred. Durlng t he preparation of e coating conposi- tion of this

|nvent|on an ueous soJution of a tertiary a speci fied below, is
breyght in coﬁ% gvﬁtHP%V%ﬁﬁ?ﬁm%nsBﬁnﬁﬁeroﬁﬁqh@§Q$qq;a¥ Q?Iqu|d(s)

10 or with a sidideyimd aneLhOAy 6E£ShPoabd1a,080BQ60,00UNctiEal pol ymer.

A wi de variety of_or ui ds_can be ysed.to diss Ive the poxy resins
and the car boX&f #QFﬁkékﬂﬁigﬁ | §TerRee RGULRE WS ed

solhvgnts are dlo,0d00-s8G64000 as F@psomanapplﬂ.batlﬁnlsuayI13a|(mﬂ+d185,000

ydr oxy- 4-ne Yy cohol, cycl ohexanol, glycols
such-as eth I&ﬁ?%ﬁ%#gkeh%ﬁéﬁﬁy % épgf§%8§h 1, 3- butylene egcoI et her

al cohol s such as et hyl erm:gizygothempnepangbienhef thteh)doa‘h;.rg! yxmnpOSi—
mono- but yl et cnddftﬂyi§nfn9eﬂﬁfenmgﬁ EQ}SF tgires thereof,

and many al i phatic and aromati ¢ drbcarb use n1xed%mnth at | east

one of the ab&ﬁ?tiﬂﬂxeﬁmineex%EQchﬁﬂédobeiﬁU:réécbﬁ@#&h&riﬂ qantact
usder st 0od, i tydigh bf'smeiwaéftﬂﬁ éﬁékyaﬂés%ﬁ a 'EBQ'gfa'z{i%t TRARLE(Y th the

carboxyl -functional polyner to formthe corresponding salt which, 1 n turn,

can di ssocitft €1 i Ay qwmﬂeoﬁoa?eSEPxW Fﬁsfl-ﬁ’e aI’dZ-aeW)p%ﬁYo"trps of t he
efioxy resin. Ifturict Bl NESEyReL. havwyae, vhbaktiyhe ft oridadie aniqeidsact s

Chnectly Wth A5 50 nded, B Lo dRIVE e ReB! He At S  bnd
pol yner to yuﬂarhbxyﬂyﬁunctiqnalepoaymeasnonWmuﬁgﬂthermosﬂicnmmomﬁya
ot o sp SRS s, REERRERK SILA Be b blict” d
15 butyl alcohols, 2-hydroxy-li-methyl-pentane, 2-ethylhexyl
alcohol, cyclohexanol, glycols such as ethylene glycol,
diethylene'g;ycol, 1,3-butylene_glycol, ether alcohols
such as ethylene glycol mono-ethyl ether, efthylene
_ g;ycol mono-but&l ether, dlethylene glycol mono-methyl
20 ether, mixtures thereof, and many aliphatic and aromatic
| hydrocarbons i1f used admixed with at least one of the
above, .
_ While the exact mode of the reactlon is not
fully understood, it 1is believed that the tertiary
25 amine first reacts with the carboxyl-functional polymer
- to form the corresponding salt which, in turn, ean
dissociate to allow the amine to react with the 1,2-epoxy
groups of'the epoxy resih. It 1s also possible, howsver,
that the tertiary amine reacts directly with the
- - 30 1l,2-epoxy groups. In either case, the resulting quater-
nary ammonium hydroxide can react with the carboxyl-
funcetional polymer to Yield a polymerilc -quaternary
- ammonium-amine mixed salt of a polymeric acigd.
- The reaction of tertiary amines with materials
35 contalning epoxy groups, to yield adducts containing

L J]



aternary annDnlun1groups is known. Such reactlon when carried out in-
esence of water, can afford a prodd@® that contains both a-hydroxyl group
: aﬁd a quaternary annonlun1hydrOX|de The reaction can be 5 represented '

schemat i cal §i(a 88 rhalyOWimd SRR dfolbh | e1808hol !t | ewcﬁ%@sétieﬁct wi th -
epoxy resins to forn1guaterna anmoni um hydr oxi des, ‘Ereparatlon of the

" wat er - bor ne"ReBt FAZTL Ri9sSepee P vHﬁFP€n|Q§Qx# fexdodt utiliziMg

at | east orprbanatamhaemmmrmctwtﬁrenhyaecﬁkgugrodpﬁ%ﬂd met hyl
pyrrolidin N- et hyl

N—nethyl r.phol i-n met hyl” pyrrole,
pi peri di ne, q%ﬂg SHAREYr STmondr iy Y i%ﬂ? 9% E %hF BRacEey eAR” Bebstituted
or unsums|repndsenmemabaMemdﬂﬁdaxnpu@§ £6mntawsi:ng one or two carbon atons
in the alkyl portipn and [ERR] is a substituted or unsubst it ut ed nDnovaIent-
al kyl 20 group co g 1-4 car bon at ons.y’ e ‘exanples of RRR N are:
trinmethyl anine, di hyl+e (ﬁ Hgﬁ as. di net hyl amino
et hanol ), .nmethyl diethanol & hyl HE@'()anine di net hyl .
et hyl am ne, dlnethyl propyl_anyne di met hy[. 3-nyg@r |- propyl amne, 25
dinethylbenzyl -am ne, dinethyl 2- hydroay | -propyl . amine, diethyl methyl .
-am ne, 't@?% n t JVost. ..
prefer aql y ?irqlx%lgt hﬂ @{-’gm ne or %é%n gﬁoﬁi@%%&? ultsagédfﬁ%ht :
gener ation §0r@m @M@ﬁﬂﬁﬂ&?&nﬁﬂﬁ?ﬂ%@@ Bndﬁﬁﬁéﬁﬁﬁm Wﬁﬁw?@%ﬂ&ﬂﬁtéhnlgfhater-

sol ubl e or ghépﬁﬁg:'e@—%d&"if‘é‘ d&ﬂﬁ%eééﬁpeéiél'&ht ro‘iggﬁz fsiz'i‘véﬁggﬁ 3‘?8“961 . .

agent is describe U. S. Patent , grante r-uar d
it's rel evanfaBBiedoRitt HelHering ¢hc6¢ﬁ§?a9@§ Gfrﬁéﬁgﬂéﬁ@E-HQS .

:selected from the group: 2 3N N-methyl pyrrolidine, Ny
15 N-methyl morpholine, pyridine, N-methyl pyrrole, N-methyl
' -piperidlne, and mixtures. thereof, wherein Rl and Rzlare
. substituted or unsubstituted monovalent alkyl groups
containing one or two carbon atoms in uhe_alkyl portion
~ and R3 is a substituted or unsubstituted monovalent alkyl -
20 group containing 1-4 carbon atoms. Some examples of
' R R,R.N are:  trimethyl amine, dimethyl_ethenolfamine_
_-(also known as dimethyl amino ethanol), methyl diethanol
‘amine, ethyl methyl ethanol amine, dimethyl ethyl amine,’
dimethy;I propyl amine, dimethyl'3—hydroxy-l-propy1 amine,
25_dimethylbenzy1 amine, dimethyl 2-hydroxy—l-pronyl amine,
diethyl methyl amine, dimethyl l-hydroxy-a—eronyl amine, o
'tand mixtures thereof. Most preferably trimethyl amine_.

-, or dimethyl ethanol amine is used.
' The veneration of a DOLme¢lC qua ernary

30 ammonium ‘hydroxide which is water soluble or dispersible

when in pr°sence of a n*trogen resin crossTlnxlng agent
is described in U.S. Patent 4,076 »676, granted _

February 28, 1978, and. its relevanu portions. are neweoy

incorporated by rererence.
35



. . ’ ‘b
The anount of tertiary ami ne needed in the. preparation of the water-borne (,)
coating conposition.of this invention is determned by two factors. As a-
mninmum there 1s required at |east 1.-25 equivalents of 5 tertiary am ne
per..equi val ent of <1, 2-epoxy - groups, prdﬂ*rably at l-east 1.75 equivalents,

more preferably 3.0, for the formation.of stable dispersions. As the ratio
of{the nunber of car boxmhegacmmu o ft oo ydminengééqeal 1aokMeer to the

nunber of 1, 2-e oups J 0X re5|n ncr eases unt of
amine is alsopFE é&g 8nt8 @ﬁ { %EJhﬁﬁ%ﬁ 4%n%?m58$§h£9nm8

di spersi bl e. this éxveasiam ms|deﬂaﬁmineﬁiuy)&mwnracsars w Ak aone or al
of the excess_c¢ar | .arou of th yner It refe 5 no
excess am ne, 9gﬁgﬁ%etggfgf ufer eiﬁﬁﬁi&ﬁ%ﬁési c%$8%5§€e8E§

used in theScbartmgrwoammnaﬂpmm<§Quﬂv&ientmnﬂiluﬂ-émexmngneupsbl|zed |n

excess of thep% gér‘iﬂiy"%erite%s tﬁd@cg{ﬂ%afﬁ&é“ﬁofé%féﬂérg 'ge per

equi val ent of roups nor
necessarily hav@,tﬁoﬁetbélé@m@&ﬂiqanﬂuﬁtﬁQiﬁ)Q#SPQrﬁi¢m§hlyA§p§belc

tertiary am neatiénw&h@mmb%@cQﬁd%}&-&sxﬁréf@ﬁys 3% Nen & cARABiyAC! i onal

ggaternary ammoni um hydr oxi_de can l1zed Tn_neutral1zing 25 carboxyl

groups of t hefeReEdRPRL BRAFMSTAIt D ARAEIIRER [0 fr 5 fOEPRKY cBHPUPS 1n

neutral i zellg fHBNEPONHEN rle@il a&ﬁbr@ﬂd&s aﬂﬁelﬂﬂdmdeftaﬁhayl am ne,
diethyl ethang am ne, dinethyl c ohex’ am ne, tri
s Y kekp the ¥

t han
P butyl anini® BiLRE BRCTRAREE, 1t SR B RELOnR AP RH e Eur
am ne, and [EREteplapraQsiBabnarﬂmmsjeuﬂgugkﬁmiﬁgiﬁgs preferably shoul d

not be used a},009 Yol tLC bl % FLIESe1th dWnd 48 241 28F e OLxbOSs
carboxyl groups of the polymer. ‘It is preferred that
15 no excess amine, over the total number of equivalents
of carboxyl groups, be used in the coating composition
of this invention. The amine utilized in -
. excess of the 1.25 equivalents.of the highly specific
tertiary amine per equivalent of_1,2-epoxy groups
20 need not be the same as, nor does it necessarily
have to be selected from the group of, the highly
specific tertlary amines. Any primary, secondary
or tertiary amine or monofunctional gquaternary
ammonium hydroxide can be utilized in neutralizing
25 cérboxyl groups of the carboxyl-functional polymer
which are not already neutrélized. Among such
tertiary amines are included: triethyl amine, diethyl
ethanol amine, dlmethyl cyclohexyl amine, triethanol
amine, tributyl amine, dimethyl n-butyl amine, tripropyl
- i 30 amine, dimethyl lauryl amine, and ¥ -picoline. Primary
and secondary amines preferably should not be used along
with tertilary amines in the neutralization of the
epoxies because unwanted covalent bonds could be formed,
and this can interfere with the desired hydrogel
35 formstion. L



.,ﬁﬁvX|es because unwant ed coval ent bonds could be forned, and this can

erfere with the desired hydrogel 35 formation. The wat er - borne _
soa4ing conposition of this invention can be prepared w thout ‘regard to the
seguence of addition of the various coqﬁgnents It is preferred, however,

to first dissolve the epoxy resin in.the 5 car boxyl - functi onal
polymer, in the presence of sui tabl e organi c |i-quids. Addition of a ;
suitable tertiary am ne, -in aqueous sol uti-on, conpl etesthe preparation of ~

t he pol yneric quaterﬂheywaﬁﬁnnbgﬁngapﬁaﬁina pomyneﬁtdoacbﬁ‘thﬁ&ditional
water can then; he.agflgd Eanasdl 5¥ephbed1@imoufe %ga‘f' i 1< Qe €r

to organic liquid of from70:30 preferably t tlona an1ne can
al'so be added 6 ?ﬂ@thoﬁl§§eF§PbVPP@?uSA°SW§P§PP§§ raﬁ@ahﬁ:ﬂnﬁﬁQQFWdan1ne

. to water is apRewevaB|ety +ibskydvBsehve theeepeay! ireBigAn P& Herried out’
bet ween roon1t%%Perat¥ g and . bel M/the boi I i ng_polnt of the reaction :

medi um Spref er HB%VmEFef 4R ey Porsenge ©f sphtalies
t enper ature ra@ggaﬁherhqﬁiastaplxhdiaitfroxofof@ceuDEabﬂs tertiary ahfine,

anot her preferred neth thgreparatlg f the coating conposition, an
epoxy resin is 2%0\‘7‘%05‘3 e%&&aﬂ?"c?ﬁ"? Y such as the = -
nono- butyl et hef tiheepbiymarigl gualternadyeammoadamngisaid oﬂ(alpnMyMéqidhe
addi tion of an, eo”id&léitdr%& Qrk%@ezs%é:?béﬁeﬁ %é'%&%e&”kgeacﬁieve thbter

.- the formation ©of tThe polymeric quaf eérnary ammoni um
subst ant@al | y £bngl evelumecnabidrypt Waﬁsrl6naprgpau¢néﬂquﬁdnﬂﬁ\ﬁnbmrya

~_suitable or gany@§: éOqﬂbeé§aH!L§egoV"9bh1bt V‘dt\.hﬁi%&bh%tl' Uhint?lcein i dY
addltlonally m xed . | T neede to achieve a weight |
” be added to insure’ dispersibility.

A preferred ratio of tertiary amine to water

is approximately 1:5 by weight..
15 ' The reaction cah'be carried out between room
'temperatufe and below the boiling point of the reaction
: medium,_prefefabiy between 50-100°C, most preferably
90-100°C. 1In this temperature range there is & rapld
rate of reaction. '
20 - -~ In another preferred method of preparatlon of -
the coating comp051tion,.an epoxy resin is dissolved
'in_a suitable organic liquid such as the mono-butyl
ether of ethylene glycol or diethylene glycol, "followed
by the addition of an aqueous. solution of a suitable tertuny'ammme
o5 After the format:.on of the polymeric quatemary ammonium
" hydroxide is substantially complete, a carboxyl-
functional_polymer, dissolved in a suitable organic'
liquid is mixed with it with agitation, water being - _
additionally mixed in, if needed, to achieve a weight .
30 ratio of water to organic liquid between 70:30 and .
' | _90:10._ This latter solution can also contain anye -



30 ° ratio of water to organic I|qU|d bet ween 70:30 and 90: 10. This
Iatter sol ution-can 'al so contain any.- . additional primry, secondary or -
terti‘aty anine, dissolved in water, nece§ i%ry for dispersibility of the
coati‘ng conp05|tidn. M Xxi ng. of t he conponénts. conpletes the preparation
of- the water-borne coating 5 . conposition.” This sequence of steps can
al 8¢ be carried-out between room tenperature and tenperatures bel ow the

et nao ot a°IaMf“ﬁ’25%'?€z’“§ Vf skBohBEryobBodesesarybeiin (he |ast

| X u | |
i rod be’or o Ebrsolies “5h Gabsss ‘CEPORRENLEPY GieRexs a1l o™
Erhmaryd se;:o?g;aﬂge ?éoéﬁﬁgacammgeianhmlﬁmkmngt bwnahequ@h@romwm@mmm um
k roxi de o e m Xe L t meric uat rnar Amonj um
ot . O (VeSintt fed“1he BrEBa-AL i 08 BrL B ar Bl TkE s figr D 1™
steps of 5 ssol vompeosttian boxMhifsrssdueraie pof ysierps rcan sal sabbe: - or gani c .
Liquid, additi O fle P03 2042 S LRERH! FBBCbefipBilbi AL gl bieiolr il .

m xing in of an epoxy fesin, and heatrng, era tween

‘mor e pref er.abl y,bebewethe [EﬂR}lHEoHN)%d@ﬁythﬁefﬁéqﬂiﬂ-gm megiisunt of water.

t® obtain.the final watgrehe- ﬁéﬁﬁaacdébeﬂﬁeﬁoE.H”%héatlh%tognfer {8 30 to
90:10. In the three preferred nethods just describ m xture of

conponents (A), BaFaar@phc) theycarbagylréunséinpalenob¥mese ®Sd Bhd [ERR],
e®y. betwgen 70 eyl {FRE®sifedrB8ChréArbactBy %BdlehO%TBQ‘ RYOABHi Smetry .
guat er nary anmoni umx ani ng m xed
with at least one prlmary, secondary or tertiary a.m1ne
“or monofunct:.onal quaternary ammonium hydroxide of '
(D) before being mlxed with the polymer:.c quaternary

ammonium hydrox:.de .




<§§9It of. the carboxyl -functional- polynmer of the water- 15 bor ne coati.ng

mposi tion of this invention preferably is a conplex hydrogel. structure.
‘It is the generation, during the epoxy/.carboxyl/anine reaction, of such a
hydr ogel structure which affords the lubility or dlsper3|b1I|ty,'and
stabilization, in water of the 20 coating conposition. A possible -
"schematic formul-a is shown by the formula below. The exact nature of the
bonding'is not known. The nunber of carboxyl groups in the schematical ly
shown pol yner nol ecu es and of the relative portion of. free acid groups to-

the amine salt 25 IfFodpotier daeherred Bsthad §fopmﬁnanﬂﬁyoenployed
during t hecmmamesl SReOk tepe IRl 1M SDFDRS! ehencar%%gghﬁjm %
nat ur e of t he

representatl n s shown t r.t her the under- Stand
i nventi on:® oty YRRRF 52 §U 2‘§ -ongagdc  Llayid o gfdd %ié’rprfét' At ed

- pr |[ EaRrR %/ sEpewias ysolutibhi aify aarsmgtoaw@ miglglfayt a%ﬂ?,le amh He group and
- - o ert am-ne sel ect romthe group: = --
RIR2IBN, Iéfneﬁ;?g%%irg%s&fqﬁea’ﬁ#ﬁ GRAN G Bypwnl\l—met hyl -
pyrrol e, IﬁﬂﬁimQ?Cpapdm(mqne prerarabhyesbehweeufQGMkﬂGRm [ E8BLowett | ERR]

S are substl en |-k oups cq talnlng one or g
two car bor? ﬁg?gin%&{l}%g?ﬁ ng’rr?%%ht dg Eéi?%fgig %i@ N3hited or
unsubstltdF%@BﬁDh@v@FEﬁnlﬁlR}H lxplnmnaratng of4 franbdi0 :3®bneo Jhelo.
wat er - borne coating conposition of this invention is a stable solution or .

~ di spersion and Ianthe ﬁﬁreaspdeaerpeapmeeﬁods bhsﬁ:al‘cnel%rﬁrbmJ i thed without
t he

10  mixture ‘of components’ (A), (B) and (c) may if de51red be
. heated between 50 and 95°C, e.g. between 70 and 80°C,
to react (A), (B) and (c). o

The polymeric quaternary ammonium—anine mixed
_ salt of the carboxyl—functional polymer. of the water-
15 borne coating composition of this invention prefera.bly,5
“is a complex hydrogel structure. 1t is the generation,
durling the epoxy/carboxyl/amine reaction, of such a
- hydrogel structure which affords the solubility or
_ | dispersibllity, and stabilization, in. water of the
20 coating composition. A possible schematic formula is.
" ‘shown by the formula below. The exact nature of the
‘bonding is not'known. ‘The number of carboxyl groups ‘in
" the schematicaliy_shown polymer molecules and of the
relative portion of free acid groups to the amine salt
25 ' groups are determined by the stoichiometry employed
. during she preparation of the coa ting conpositlon The;
“schematic representation 1s snown to further the under-;
stand*na of the nature of the invention



addition of. an external crosslinking agent and can al so be crosslinked (%;;
with external crossli.nking agents such-as phenol fornal dehyde resins or,
preferably, nitrogen resins. 35 The nitrogen resins are well known. As
used Rerein, the term"nitrogen resin" s t he al kyl at ed products of :

am no-resins prepared b t?ﬁf?ﬁeﬂensatlons of at |east one al ehydgamggﬁ at

| edst one of urea, 5 ' et hyl enegif ea, gl cyandi am de, a

am notriazi nes such as | am nes and guwmnai nes. Anong the aKdehydes t hat
are suitable are formaldehyde, reVETt+bM£h$E# regt hereof su€h as.

par af or mal dehyde, acet deh& -ﬁbb #onal dehyde, ﬁg acrqglein. { Preferred
are fornmal dehyde 10 er e polyners & eof . i No-resins
are alkylated with at l¥ast one and up to and inctuding six alkanol

nmol ecul es gontalnlng 1-6 carbon atons. The al kanols can be s{¢rai ght chain,
branched or cy . Anmo{ng the preferred nitrogen resins are 1

partially net am ne-f or mal dehyde condensates, partially- gytﬁbated
nelanine-fornaldehyde ndensat es, hex hoxyﬁbthylnelanlne

hexanet hoxynet hyl el am {e; d|neethoxytetraethoxynethylnelanl , dlbutoxy-

t @& r amet hoxymet hyl nel anf ne, butyl &fed” l%ﬂ?@g‘tﬁ%lnﬁﬁg ne- 20 f or mal dehyde
condensates, partially rréﬂﬁ?)/ t hyl ated urea | dehyf@le condensat es,
fully butﬁlated ur ea- r ehydg Condensat eg, \ xa o t hyl nel am ne,
amd m xtu 8 t her eof . ese nitrogen resins can be bl ended{directly 25

into the coating conp05|t|on at the conpletion of the prep ratgy1é? bef ore
final dilution with water,. either as a solid or as a solu one

m le| bl e organi-c tp eooc - CHZ'-CH

f

®

15 where M ™ 1s hydrogen or a protonated primary, secondary
or tertlary amine or a monofunctional ammonium group

and - N@-' is formed from a terﬁ.{-a;l."y“
t

oq amine selected from the group: R132R3N; N-methyl
pyrrolidine, N-methyl morpholine, pyridine, N-methyl
pyrrole, N-methyl piperidine, and mixéures thereof,
wherein R, and R, are substituted or unsubstituted
monovalent alkyl groups containing one or two carbon

25 atoms in the alkyl portion and R3 is a substituted or
unsubstituted monovalent alkyl group containing 1-4
carbon atoms. | _

The water-borne'béating coﬁposition of this

invention is. a stable solution or dispersion and can be

30 used as prepared. It can be crosslinked without the
addition of an external crosslinking agent and can aisd
be cecrosslinked with external crosslinking agents such
as phenol formaldehyde'resins or, preferably; niﬁrogeg
.resins. ' o

35 - |



(ngQUId The nitrogen resins are ordinarily-added to the conpositions of .

e invention at concentrations ranging from5 to 35% preferably 8. -to
20% . even nore preferably 10 to 15% ¢32e_exact anmount will be dictated 5
primarily by the final properties de3|\ of .the conposi- tion. and can be
. deternmined by one skilled in'this art. In the clains, the tern1"con5|st|ng
essentially of means e nietegimgresies an@r@@lbnkBOWn-anﬁ&nU§aﬂnch

change the bagjdyaan ngyelt '%iefé%é¢05e§inﬁhﬁe;ﬂs' ensnaugguaﬂ&i udi ng

provi di ng an aqueous acl d- pol ymer - e oxg coating co sition that
can form a hy®Regsic T SRR ENAPTIRRFESrP¥ ol ngoRdenSAtdong her

commonly uti | 'ﬁ%@%ééﬁ’%é@iﬁéﬁy&@&kfﬁﬁ' a¢ pédstf bAw eenur@a,agents,
pi gnents and the |ike can be 15 ad in the usual ampunts, If. this

. appear § necesSbN GtHEIRIHRR THECYARSt aBbife 2BRpBRLDPER taRineS appl i ed
~ by. a variety sueH ec&lmmmeéwl amdagu&liaxﬁixyesf suhehgatae klAaghydes

~industry. For the atln | f th i_nvention can be .
utilized in t aé:a:g) % f%%ﬁ%f??/h%ﬁ? YFF 2@& FW allic
c_?nsi nﬁny_ofthamaq@ﬂsumh1asﬂparnmbrmabdehyggxnaee;aldehvde,steel _

. electrolytic [ agnng

~utilized for péﬂkaglng ¢i§ éaﬁgf?%gd anﬁ Eggregrg%?hgghgggeradéggare
most | y16f theﬂﬂﬂeﬂ?ﬁﬁ@#&blﬁ R news pthereadf avibanaminensesibs@arg ')

variety. - Cang St veokh T 98 1 da8e &h@céﬁd(ﬁﬁd’to bR/ &B@l‘ﬂﬁf@sﬁ@” be
roll er coated be re the netalli.c sheet 1s forned into the bod t he can

of can be 30 SBEPTHAHILF ¢ertrbningp}rEatpBRON ?‘ﬁ@m§°an he cans,
vvhere the met elllédiﬁeﬁslcsarstwmdrépgf&eremm, branched or cycllc.__

_ Among the preferred nltrogen resins ‘are
15 - partlally methylated melamlne—formaldehyde condensates,-
partially butylated melamine- formaldehyde condensates,
hexaethoxymethylmelamine, hexamethoxymethylmelamine,"
dimethoxytetraethoxymethylmeiamine, dibutoxy—
‘tetramethoxymethylmelamine, butylated benzoguanamine—__
.-20' " formaldehyde condensates, partlally or fully methylated
urea—formaldehyde .condensates, fully butylated urea-
Lo . | formaldehyde condensates,.hexabutoxymethylmelamlne,
' - and mixtures thereof. _ f' ' S
ﬂ These nltrogen resins can be blended directly 3
25 'r_1nto the coatlng composition at the completlon of the -
- 'preparatlon or before flnal dllutlon with water, elther
as a solid or as a solutlon in some m1sc1ble organlc '
:.11qu1d.-



ylindrfcal body closed at one end, are generally spray. coat ed. The coating (é%
conposition of this:i-nvention.can 35 al §QChe applied by el ectrodeposition.
In the electro- deposition process the water-borne conp05|t|on as .

specified in the foregoi I n SEHPPNELL S (A)
(B). and (C) conprising 3?% éﬁag}g%%eé%ﬁo Qil@ bb fw% coat | nga _

cohposi tion, FRepeaEpasitiomsc eﬁhev%@YP%ﬁ Peé rP@éﬁQﬁﬁﬁﬁﬁﬁRﬁ$ve

cat hode and apagEeakr Fedid % Q:‘U'W | uor&fOsgp 1 BhbheoIUr fafe tifope coated
bei ng the anode. . Ddring_the ss an adherent filmis  deposited at the

~anode.. The sa%sfaaab&w ﬁ&chﬁl flI?ﬁ?d?%%??oﬁmﬁpnﬁh@i%iiﬁﬁkﬂi%t%ﬁﬁéght_
to be due tg phemarefigr eyt Iuaae @i&ﬁmlﬁﬁoﬁ@r@ieéh&eéﬁr@ﬁ %e:* ttlﬁif é¢dbfiposi~

car boxyl grou over -.the p ric r.nar m-s the carboxyl i
aroups. Dt i ELog) RagedorhDe Bl Tarbie s OO confqSBRateg

| nvgl veld ![n t he cont r ol t:r_'@f tjht leetc]&h jdn§,30ﬂ:h@.tt@ﬂm :Fbenaggatilngle/sgéml gg%ly o
carboxyl ate apLgn m ra es t.o the. ano nitrogen.r n_crossli nki ng
agent,'if pregtntm? (£39%ﬂ9ihﬁmﬁﬁk??o gﬁﬁgggﬁpﬁriﬁﬂﬁmQ?P ‘possi bl e
_pg/si cal ent amlgiehenhang@ﬁﬂeemm@ mme?ar cheyaetewristlcsl of ofhehe

c& boxyl d e _condi whi ch

t he electro@oggggéhﬁg a%ﬁ%gﬂa;ﬂg iﬁ%fﬁ% SFOEEHSS&% %’ 4n§§#£g§¥ectro-
deposi tion of modhfiedyppoxyf m:ﬁngscomﬁ'dmi‘a:pphl édatolchayefarmm &e varied,

o range 1oy drtg 10000l 3020 A0 45 LYPLEALLY cBlasean 25 and, 200

vol t s. The ren | S US WEEN a out anperé and 100
m | | i anperes @bheSqoemmon&n|uﬁik&zed1a¢dtu1veatsuehsasyqnainsoingecrease

during the cogiagy PIRGEtbrittdl Bdents P OB ERBALE SHACThd "NEF%6an bzhe

coatlng tinme can
15 added, in the usual amounts, if this appears necessary

or desirable : o .
_ . The water-borne composition can be ‘applied by
a'vafietx of techniques and to a variety of suostrates _
e known in industry. " Por example, the coating composition L
20 of this invention can be utilized in the can manufactur-
“_ing industry which utilizes mainly metalliec cans, many
_ of them oylindrical ‘made from aluminum, tin~free steel
- electrolytic tin-plate, and. quality-as—rolled steel,
' among others - Cans utilized for packaging and shipping =~
- 25 food and beer or other beverages are mostly " of the - .
three-piece or the two-piece drawn-and-ironed (D and I)f
variety. Cans constructed from three pieces (body, top
and bottom) can be roller coated before the metallic =
o _Sheet is Pormed into the“body'of'the can’ or can be
"30-spnay coated a;tev partial fabrication. The D and I
: cans, where the metal sheet is stamped to form a
N cylindrical body closed at one end are generally g
- spray coated.- ' o . .
o - The' ooating composition of this invention can..J'
35'also‘be applied by electrodep031tlon In the electro—
dep051tion process the water-borne comp051t10n, as spec1f1ed in the
fbreg01ng "Summary of the Invention", with components (A), (B) and

(C) comprising preférably 1 to 20% by welght of the coatlng
i 'compos1tlon, is placed



- deposited

| from 1 to 120 seconds or longer and,is typically between I and 5 seconda
coating cans. The caoncentration dﬁAthe coating conposition, depends upon
e~process parameters to be.used and is not generally critical. -
C}dlnar|Iyﬂﬂnndntmetowmthgaﬁoedenmmﬂaakiyannduetﬂvé Eﬁ%hmﬂEFHﬁderably

“depost t1 on AR TR TERaH HHOk SR BRI ISt rEER T RE T RBAEES B0 P 8 gani &
| i qui d(s). coRtedieingnther gaode. ||@mnﬂng theamweeeas amzadhﬂnmmtratlo
of from 90fﬂ1101n?51§”&é§5§%’f:¥dt t7%h%0’arfoed%oeCtTPI(§|¥ubsga£

are c beln i nmedi at a%g or cross?lnked
wi t hout ﬁbéﬁ@ﬂtfﬁtﬁﬁﬁhenhéﬁ bhec@@mhqﬁaniﬁjQhﬂ@ghhlhOth@mduﬁuﬁ@ohneng

conposi ti orpa&éefahélamvaaseehm& Ree dfh & dahPnesehile ide "Bh@SchsbBiyaan

- be cured thermally as is_or when containing, for exanple, a nitrogen résin
- crossl | nERPREAVEr RheePoly@eidf YA FOFNREY BREANANM (Sl fnhshe

substrate, dﬁ?ﬂdEhfIgfoﬁﬁétedI%eEBeﬁg‘ﬂé¥éé”ﬁﬁ5§ @QQHteﬁ@%ﬁ¥5ﬂi@d -
crosstinking. nperatures of 10 [ERR}]. to ERR% for 0.1 to-30 mnutes

are typi ca|a%ks¢@r%eh€eape§suem Aayolmad i o heosﬂetreéaeangﬂeenpos. tion

of ‘this 1m\ae.r§smaﬁiuﬁef umhennegaeaiv@ Ghafped CéarBbky 1lald akdesi Ny &
conposition find ? g Iar uti 't n the can 15 i dustr ere the-

' conp05|t|oﬂﬁ€§ﬁi 8 £8°8fFe i Qﬂg?ﬁbr3§ Be Cdi LI R8oned
and thr ee-: piggset peef pcﬂdsbﬁteﬁ.w(theal‘tﬁnaﬂimg rwomeitmban dliyee- pi ece beer L]

ey g EiPep | Chh"S PrRb, BT S e E8ReY il Bhe cou i ng
conposntlomoﬁyméWSC|quabbrnarysammdnxnhtsaltmbfntheloanmoﬁyxxland beer
or 15 functional polymer, to the anode. , : .
- ' ' The condltions under which the electrocoatinc
is carrled out are similar to those . used in the electro-
deposition of other types of coatings. The aonlied
voltage can be varied, can range from 1.to-1000 volts,l
20 and is_t&oically between 25 and 500 volts. The current _
o _density is usually between about 1 miiliampere'and 100
. milliamperes per square centimeter. The current den51ty
> | tends to decrease during_the coating orecess as the
coating thickness Increases. The coating time can. vary
25 from 1 to 120 seconds or longer and is uypically between"'
r_l and 5 seconds for coating cans. ' :
- The concentration of the coating composition
;'depends upon the process parameters to be used and is’
not generally eritical. Ordinarily the film-forming
30 components comprlse 0. l—DOM and preierably 5- 30%, for

conventional coating methods, and. 1—20p, for electro- o .- |
deposition, of the total conposition, the remainder o
being water and organic laquid(s) The water and organic __' L

.lzquldts) are. present in'a. volume ratlo of from 90 10 -
35 preferably ‘to 70: . 30, respectlvely. '



beverage cans by spray-coating, a thin uniformfilmis deposited which, (}:ﬁ)
after curing, corresponds to a coating.weight of 0.3 to 1.3 mlligranms per \_

square centineter 25 (2-8 mlligrans pengéﬂuare inch). Coatings utilized as
an isnterior enamel’ have excellent taste odor chat:ac- teristics, that is

to say, |ow extractables_and, sorptio aste adul teration.

.. %¥he wat er-borne conposiit§ FeFRH 1 %P°%%E;§t§1&§§ 8 CRRAPL SN
crgsslirked\MUélngrﬂmmgugzbéxylﬁFi?@ a?ﬁﬂantcgessmnnFeauhmﬁnhcmtxaflnifh
and coil coatin i cat.ions, .t na ated_articles,t especially
Gesi rabl o har JHEEE 4 i) Hasol of'CanfoRE el kB EReatt eiie”
propertles The cured ;:dme‘ rrgm'aimsad:empﬁéitésngt afft thdssdntvesybion arah y :
'processing. o) s S oker

.at approxi- gle %ng usef@ %é 5%oggl Iﬂg 8 ggl :clﬁg'n@ de?l%?é‘{chlﬁpt he

f or egoi ng" "Summaﬂp<ﬁrtWhanrnan#ainﬂnanyfcnresampleexanpﬂsnmsanuresin -

" consi sting. sseidsal i & AUHe, CAPLE (Egs EPﬁgBEi%&bﬂ”h&%o%‘é@n of : (A)

50-90% based on the welght resin cont aining,

on the aver ag@pPhlied didnthe subs &?sghﬁ pBEpaf ﬁé?@é@ﬁ@ &egoeratigem
‘emoxy -equi.val %&Img@ ok &1&- é’é@ﬂre&BérogsHm |- f reabled@uried Yorer in

per "equi varthiLapee v el s sfof 6.1 £o eqﬁhéﬁ'ﬁégiﬁa%%e‘%a&»ﬁ%% REfiE
\Wger ei.n said g@ug&ulégxuﬁaxim@@sltlon of styrene/acrylonitrilel/ itaconic
acid// ;‘15ngg’ 20-5. 011 Sl e A USHAD! B RLARS BRDBEY 3 bn" Y Ynse
invention is useful in a variety of applications. This
coating composition finds particular utility in the can
15 industry where the composition can be.applied to the
interior of two-plece drawn-and-ironed and three-plece
beer and beverage cans, to the exterilor of three-piece
beer and beverage cans, to the interior and/or exterior
ends of'two- ar.three-plece cans or two- or three-piece
20 sanitary cans. When the coating composition of this |
invention 1is applied to the interior of food and beer or
beverage cans by spray-coating, a thin uniform film is
deposited which, after curing, corresponds to a coating
weight of 0.3 to 1.3 milligrams per square centimeter
25 (2-8 milligrams per square inch). Coatings utilized as
an interior enamel have excellent taste and odor charac-
terlistics, that 1s to say, low extractables and sorﬁtign-
.to prevent taste adulteration. 1 . ;
The water-borne composition also has. utility,

». 30'expeeially when crosslinked with a nitrogen resin, in
'automotive primer, appliance finish, and coil coating
N "+ - applications, the final coated articles. having especialiy

desirable hardness and acid, base, solvent, .and detergent
- resistance properties. - The cured coatings are also
35 resistant to salt spray and "processing." This latter



; atterlng) of 60; 000- 100, 000 and an aC|d 20 . . nunber of

0-150; and (C) an aqueous sol ution of about. 2.5 equiwvalents of °

di.met hyl et hanol amine per equi val ent of 1, 2- epoxy'groups'in t he epoxy
resin; wherein conmponents (A), (B) aney®C) conprise about 25  0.1-50% by
melght of the coating conp05|t|on and the .remainder i s conprlsed of wat er

and organic bkﬂgbg@ ) 4 ﬁ% %9Qf%%ﬁf?9é%%&¥gtéb§w ;0 F|n this- C;o

conposi tion, po yner I NS ave a conposition of
styrene/acryﬁEHP?Kim@Neéw 1ZQﬂQxxNuc aci d/ / about 66/ about 20/-about  14.

Thi's conposition ”aThbfW@%@ﬂuyoﬁﬂghédé¥¥ﬂ%Bbdmﬁﬁéﬁﬁhon defined in -
dlethoxytetranet oxynet hyl nel am ne.- The er-borne. coating conposition

defined in tRBSf Pé'&gpf’@g" SSwpmaryoh e A tGien a2 gbPR. be one 35
((IO;IS_I i 880 eszampilal by ﬁhel lcwsismrngg gssyml i%ﬂ;i Qfmtlp@umogaﬁh% .
- (A 7 S on t Aeplus (B), of an epoxy resin -
- cont ai ni ng, . Sﬂg %g CavePige a0 %&"["gﬁﬁ rﬁ%ﬁ 1, 2- epoxy. groups per nol ecul e and
. havi)ng ianf epoxy edfl)valbéﬁ-BO%el Basect BV HRE0Fight of (A) plaéy eB), 2"5- :
‘car boxy uncti ona OlyTer, to p. | t :
'eqU|vaIents of- carboxy grougg'gg} eqU|v5%ﬂh%hﬁP§%£ jﬁgp§§§ group g?n the g
.epoxy Tesin, wherein siwe peirpinalhds 2repnRoEnuns (ﬁestmbaeﬁéet hyl 10 .

- acryl at /nethacryllc ag*ﬁy4ﬁg}i 3 age mol.ecul ar
MBight(?detern1ned by g scat erlngC&é} é%ﬁboo 100, Odﬁggnd an acid
CP5

nunber of 100-150;. :aqueous sol ution of about 2.5 eqU|valents of .
' ' (B), a carboxyl -functional polymer in an amount '

.~ sufficient to provide about 2.5 equlvalents of

carboxyl groups per equlvalent of l,zfepoxy
15 L groups in the epoxy resin, wherein said polymer'.
S has a composition of styrene/acrylonltrlle/
 itaconic acid//45-84/10-30/11.5-17.4, a weight
- average moleoular welght (determined by light
scatterlng) of 60,000-100,000 and ‘an acid :
50 _ © number of 100-150; and -
| (cy an: aqueous solutlon of about 2.5 equlvalents .
'of dlmethyl ethanol anlne per- equlvalent of”
_ 1,2-epoxy groups in the epoxy res1n'
'_whereln components (A), (B) and (C) comprise about
o5 . 0.1- -50% by welght of the coatlng composition and the
remainder is comprlsed of ‘water and organlc 11quid(s) in
'a volume ratio from 70:30 to 90:10. | :
“In this composition, the polymer (B) may for
instance have a compos;tlon_of styrene/acrylonltrlle/f

.30 | itaconic acid//about'SG/abOut’Ed/about'14.' This - _-:p-“';}ﬁﬁ
. composition may if de51red addltlonally contaln _ | .
dlethoxytetramethoxymethylmelamlne._ _ o : T e

" The- water—borne coatlng compos1tlon deflned in the’
foreg01ng "Summary of the Invention" may again be one
35 '~ consisting essentlally of 11qu1d carrler and the

s . . . ~

reaction product. of



15" ' ~ dinethyl ethanol ami ne per equival ent  of 1, 2- e'p.oxy groups .
in the epoxy resin; -wherein conmponents. (A), (B). and (C) conprise about
.0.1~50% of the coati ng conposition.ang the remai nder is conprised of water
and organi c-liquid(s) in a volune 20 \fatlo from:70:30 to 90:10. I'n this
conposi tion, the pol yrrer (B) may for instance have a conposition of - .
stykene/ et hyl acr'yl t | i ci d/ /.abou abpu 0/abhaqu 8. hi s
conposition may if |re J%dxﬁar%% I?r§/ ?‘It‘%l Jr‘é%é QP hd {ﬁ us t(Bl) fT
di-et hoxyt et amet hoxyrret harl raajm rtsesiﬁhecamt@xnmgneono’ahengve@aqgssl tiwen
defined i-n the foregoin . a e one
consisting essentially % I quil d car r| er- a% n%afgﬁ‘%%g%}lggu%?'dgf
(A) 50-90% " based on t hdaingtarvieqoyy a#mu(\mle@t welghbx oL §5?f5rr2500’

contai ngng, -on the gy aegeoaztﬁ/&j;pr &F OYRS sRebmbRkecul e and
~having-an epoxy equivalen.t weight of 875 250 % a car boxyl - functlonal '
pol yrrer i n an amount %{ﬁffjt%‘r%'ﬁ tQ BRVEdR %‘6‘6 2:? equivalents at

car boxyl groups per equm@ﬂ-ﬁm{ypfgﬂo@@mgy gq@y@éleﬂttbg gpgx.npbe@i n,
‘Wherein said polyner has a corrp03|t|on of et hg nma acrxl at e/,

eahyl acrylate/acrylic ZTWHE i FboRSEHEThYFe rerein Sald :
(met h) -acryl ani de/ / 20- 4(yca&n7efb‘ 1Pa8-d T dnPoDtion vef ghty reaeiechyd) ecul ar

Tarber SB1001 180 and b bvELes kNGl Ele (0 0713008930280 /38 28158,
equi val ents of . di net hyl’ aertdfmmt mm@anochm]/are\nelghtl(aee:pmrgﬁdaups
'nthe epoxy resin.  py 1ight scattering) of 60,000-100,000 and an.
S P  '301d number of 100-150; and | -
. ‘ (C) an aqueous solution of about 2.5 equlvalents of
15 o dlmethyl ethanol amine per equ;valent.of
- ' 1,2-epoxy groups 1n the epoxy resin;
whereln.components (A), (B) and. (G) comprise about
-f ' 0.1-50% of the coating comp051t10n and the remalnder o
.- 1is comprised of water and organlc llquld(s) in a volume_'
20 ratio from 70: 30 to 90:10. S
' ' ] In this compOS1tlon, the polymer (B) may for
instance have z comp051t10n of styrene/ethyl acrylate/
methacrylic acld//about 42/about 40/about 18. This -
_ ';comp051t10n may if de31red addltlonally contaln |
- 25 - d1ethoxytetramethoxymethylmelamlne. _

. The water—borne coating composition defined in the
,foreg01ng "Summary of the Inventlon" may yet agaln be
~one consisting °ssentlally of liquid carrier and

_ _ the reaction product of: ' -
30 o ' (A) 50~ 90%, based on the’ welght cf (A) and {B), of'
| | . an epoxy resin containing, on the average, two
_termlnal 1 2-epoxy groups per molecule and -
:hav1ng an epoxy equlvalent weight of 875- 2500'
(B) a carboxyl functional polymep in an amount



- 25

'ih components (A), (B) ahd'(.C) conprise about 0.1-50% of ‘the coati ng.
- .cepposition and the remainder is 15  conprised of water ,and an organic
liquid(s) in a volume ratio from 7093® to 90: 10. The invention is -

further illustrated by the-foll ow ng exarrpl es. EXAMPLE 1 (A) -A polyner
-having the conposition of styrene/ ethyl acrylate/ metthacrylic acid//34

. 7/ 40/ 25. 3- (per cent 5summmt-&ol rwmrﬁﬂOﬁt@L@réﬁu&Qatﬂéﬁﬁgatdpd of ¥,
preparatl on used for the he _final polyner has a

aci d nunber of 164 ancFaftg 1?/ﬂ‘ssg’&’)‘tli‘[’%nrt’e feg’éifé’;}%?ITﬂ Tala5Te®OFFam porti on
of the polymer from (Ardips ahmv‘eheaepaomyldnelsﬁﬁb‘ ﬁhgrelm ghigFpon 1007"

e Py ety Dyl ks 2 tbmbodd Plon 0t pe Ryt RA NG el Tododen
([jERR% h5Ind mi xecli5to ?lhssizhy/b adey babsfaceslic. acﬂdéMuSobntoﬁrgﬁiéwzygr ?Es of
i met hyl am no e _ e
reaction mxture is ngin ) ne%jélzlilff‘%’ﬁ@%ﬂ)ﬁ/é)(S %y%én?}/ega g%?oa ure is .
then added a ful'ly -al I@))&iﬁlegl’é"él mmﬂmb&?%@hweﬁsh&nidetem&@rans

fol l owed by, "after m g {8 t%ﬁ@t@pﬁl%??% 6006602180, BabS ang The 20 -

mx is stirred at [ERR| untT | umform stabl e’ dlspersmn i S obt ai ned -
having a solids conte® Aty muhen @f ptPGr130p am@ resul ting product

contaiged about 730%eePugudsisd soRdt1h 61 Vabsutealo. eBuivanghles J the
' ‘dimethyl. ethanol amine per equivalent of ' .
1 2-epoxy groups in the epoxy resin; _ '
wherein components (A), (B) and (c) comprise about
- 0.1-50% of the coating composition and. the remalnder is
15 comprised of water and an organlc Tiquid(s) in a volume o
ratlo from 70 30 to 90: 10. ' '

o



equi.val ent ratios of ‘acid pol ymer/anine/ epoxy was about 2.4/2.4/1. X was [

2.175, and Y was, 47..- The product is applied to untreated al uminumwith a
#25 wi re-wound rod and baked. at [ERR] to ord a coating weight of 25.9
ng/ 4 .square-inch surface. 30 - Cbnparféoﬂey%st data, -with product from (C
bel' ow, are shown in (D) bel ow. (C) Exanple I (B) is repeated with the:

uanti 1hes are added 1 n e LR o SERPbnRR HiieRiThred iy SRyt 00

[from (A) abofelllowing examplesH48. 4 "Epon 1007"

798.4 Butyl Cellosolve -~ 54.6 10  Butyl Carbitol
54.6 Dinmethyl Ethanol Amne - EK&EEEEE_179 0O Water (for the am ne)
157.9 Water - : (A)  2307.1 The stable dispersion so

obt ai ned has a solids 1 %-and plied
to untreated al um num a? %brib@wg g{ab‘?jkn% %ﬁ@ ?émpgsgftg;%& of@mfﬁ?épf 25. 1
my/ 4 Squarel|ﬁthleser&QﬁEAma&hﬂﬂmvliﬂ QcﬂdﬁgBBwﬂ/ QV22}3 (peicegtThe
coat ed pael s a S ) ard, :

gl ossy filnms ?? E‘ggﬁh) % (apgcfxi %g &ass sta tt&g Odet yl ketone
agd show no. bpngnaaﬁ&i@mas%tf@mrﬂze onehmer af 3@xﬁmhea Fdbsur Theo -

boi ling vaterri23) polymer nE¥%h r@émtﬁumﬁsbca&»elmatar@@ Jéiﬂ&s |

& o con’cent of 55% .
' : (B) S : o
| To a 457.9-gram portion of the polymer from (A)
10 above,'are added 666.6 grams of "Epon 1007“ (average
epoxy equivalent weight about 2 »175) 3 butyl cellosclve,
_81.5_grams, and butyl carbitdl, 81.5 grams. The mixture
is heated to between 80%100°C and mixed to dissolve the
epoxy resin. A solution'cf-65,9'grams of dimethylamino
15  ethanol in.131.8 grams of water 1s-then added and the
. reaction mixture is maintained at 75-80°C for 30 minutes - --
To this mixture is then added a fully alkoxylated '
'methoxybutoxymethyl'melamine, 181.5 grams; followed. by,
. after mixing for 5 minutes, 2333.1 grams of water. The
20 mix is stirred at 50-60°C until uniform.” A stable
' dispersion is obtalned having a solids content of 27.5% -
‘and a pH of 9.0.
‘'The resulting prodact contained about 72 6%

- epoxy resin, 27.4% acrylic resin, by meioht, and the
25

_ equlvalent ratios of acid noTymer/ahine/epoxy was about

2. . 2.8/2.4/1. X was 2.175, and Y was 47. |
o The product is applied to untreated aluminum
'g_ - ‘with a #25 wire-wound rod and baked at 205°C to.afford

a coating weight of 25.9 mg/}4 square-inch surface.
30 Comparison test data, with product from (C) below, are
' shown in (D) below. ' - '




’opertles can be obt ai ned W|th this invention in presence or absence of an
e

ternal crosslinking agent. EXAMPLE 2 (A) 30 Ta a suitable
actor is charged the follow ng parts by weight: Styrene
83.318 Ethyl Acrylate 2 78.868 Methacrylic Acid
71.850 35 Acet one . : 35. 226 Monobut yl
Et her of Et hyl ene (]ycol 81. 07€CNor nal  But ano

28.518 The charge ?ggeq(bg LER fgg%édu%igﬁui#% é%ﬁgggig

f. A '
solution of 1.403 par tertrary but eroxy 1so e1ln é 349 parts
of nonobut y¥ha¥t hee @Kterngﬂengogs}é@ﬂcm mﬂs arid utiblizedh 5TRRotherns to

reflux tenpgsed fnéneuéﬁt?.%h.@st Beke alidle 013 hdT JHHE Smanhe se49nd addi tion
of 1.403 arts o tertiary butyl.peroxy isobutyrate in 2.349 parts of

nmonobut y4 e@%e? fa%?H9Fene gl.ycol is. added rapidly and. reflux is
mai nt ai ned for an additional 60 mnutes. A 10 third aghekmgon of 1.403

parts of tertiar utyl r oxy obutyrate in 2..349 S, of . nonobut yl '
et her of ethylenEOSY?éBIE§§°Qdé@§ Pgﬁxﬁﬁb and refl ux ﬁgﬁaaﬂntained for an
addi tional 60 m WBEper. 1607890 parts of nornal butyl alT®®ok and 43.611
parts of nonobuty] hgr . of. | ene .15 glycol are ad 35.226 parts of

- w8y GeatoePave 5816y .

acetone i s renov rron. 54 373 parts of d | et hanol am ne
and 326.280 partBubyldéavhized water are added. . The ack¥.®unber of the

B;g?gc;yi ae?ggt _B:Qmethyl Ethard 1@ stiidabl e reactor is c-f@[@ed the fol |l owingey
: Water (for the amine) 157.9
Water .  2307.1
The stable dispersion so obtalned has a solids
15 content of 27.5% and a pH of 9.0. This is applied to
untreated aluminum as above and baked to afford a
coating weight of 25.1 mg/4 square inch. Test data
are shown in (D) below. '
(D)
20 The coated panels from (B) and (C) above are
tested as follows: The hard, glossy films from both (B)
and (C) pass 40 rubs with methyl ethyl ketone and show
no blush and excellent adhesion after a 30-minute
exposure to bolling water. o '
25 ‘These results indicate that good film
properties can be obtained with this invention in
presence or absence of an external crosslinking agent.

EXAMPLE 2
. (A)
30 To a suitable reactor is charged the following ®
parts by weight: .- .
g Styrene | o 83.318° >
Ethyl Acrylate ' ' '78.868
: Methacrylic Acid - : 71.850 .
35 Acetone _ 35.226
Monobutyl Ether of Ethylene Glycol 81.076

Normal Butanol - : 28.518



“Epon’ 829" - . | 1854. 6 Bi sphenol A | "'<g§9
985. 4 anobutyI,Ethen.of Et hyl ene d ycol 424.8 25 ~ The .
charge is heated to [ERR] and allowed to othermto about [ERR]. L

Tenperature i s mai'ntai ned above [ERR] for two hours after peak exot her m
tenpera- ture is reache®he Zt@mrEeais sheatedotoa5 Suteath| the cheateds . 30

e e et ende BB B AR SUAUEL SR oo b obe BB of Yanetiny L 15,

chai n- ext ende €. bi'spheno 0 .an- epoxy ~equi val ent
3000. The. batehtyd pesiaxy tisdotyratesss. 8. aéetpacwsseﬂwmpnmnmtmmuzed

acrylic- polyngghggeggr%%yylé%éu f@gfdisngdgatggdgngﬁeate ed at 80- 8500'

for 25.m nutes arts del onl zed water ERR] are
added evenl § e¥efhgrmshdia qﬁﬁluﬁit%mae?ﬂtusatendl§Smhe%ﬁ %Rﬂ| PBnal 30

~minutes. The ﬁ@ﬁlé't&r' Bﬁrﬁft@gmt &%%H&daédﬂﬁlcﬁl%ﬁ 1em@9/ pastd gpd 19%

acrylic resin wei ght an equi val ent ratlo

of -
pol yner /[ am ne"@ﬁé}?"'@’f bé’d'(ﬁ}t ue%w&:r 8'¥i°b§'(t$£§ 8 ign@ \ﬁWasPaZ‘Zt% °EXAI\/PLE 3
(A) 10 - monobRity 19 e drd & D@ﬁé kgtreba, 1sheidad \Wwd; yregan,

AR N RN T T 58140 diirt o ;rgf‘ yeol .

14. 453" 15 10 thied! addd sy loPenblep3 opaPts of tertiary butfmﬁpeﬂoay .

_ ;e‘p%ite vessgl bbut%rf (%:l l %.W @ ?1[5 5‘39'89 gg.dmg]né ty'i[ r<]e¥the cr&_ ghylen.e
glycol is added rapidly and reflux is maintained for an
additional 60 minutes. 69.890 parts of normal butyl

~ alcohol and 43.611 parts of monobutyl ether of ethylene

.15 glycol are added. 35.226 parts of acetone is removed by

' 'distillation. 54.373 parts of"dfmethmlethanGI; amine and
326.240 parts of deionized Water are added. The acid .

”“numbeﬂ of the product is 200. o

— . | (B)- - S
N B 20 S To a sultable reactor is charged the Qllowing
- parts by weight: o o |
. " "Epan 829" o . 1854.6
Bisphenol A | - : - g85.4
o ." Monobutyl Ether . of Ethylene Glyeol . 424.8
25 The charge is heated to 130-140°C and allowed

to exotherm to about 200°C. Temperature is maintained
. above 165°C for two hours after peak exqtherm tempera-
ture is reached. 778.7 parts of normal butanol are
added. . - N - s
8 ' _.30. - mhe "Epon 829" has an epoxy equlvalent weight
~ or about 195, and it is chain-extended by the _
bisphenol A to an epoxy equivalent weight of about 3000.
_ The batch is cooled to 100°C. 2358.8 parts of .
35 the neutralized acrylic polymer prepared in. A are added.
The batch is maintained at 80-85°C for 25 minutes.



thacrylic Acid 122. 060 20 Styrene
19 Norfal But anol 2.050 Tertiary Butyl

Perbenzoat e 2.351 The reactor is heated to refTux and the
mononer mxture is added evenly to th efIUX|ng reactor over a 25 two-hour
period. Then 7.932 parts of nonobut'yl “éther of' ethyl ene glycol are added -
as a rinse 560TnGnpmetsf et ddivasl zedRafd tier | spreheatededof 80°Cnarkour, at -,
whi ch poi nt 0 I I | s added e t eqperat ures
are rralont ai n§§ ?O%v%%d telrg%{?%cﬁ#t 2‘%%’06 %‘g& Bhgt L%ﬁghhggt is turned
off and 72. mlxegaamsadﬁﬁﬁionaltﬁﬂamtnute&.added follomed by 82.312 parts

of di mrethyl ethanol anmppe f%gh z The product .
i's a solﬁtlon of a styrene e'%éfh§4$r€&§5? 8§ﬁg§?§ chggl /?9% 6/ 26. 2/ 46. 2
pol yner ab 890Xy gwsdal iand |¥9%oﬂ-‘%ﬂéﬁ- ¢ waesinanbyawedghtihalddhi @munber of
the product eg@ii¥fdient ﬂaEi)id 153 @cf&';%@i}% eﬁﬂamﬂae9* 8yl @r labRpited Wi th

nitrogen, are _added the foll omﬁng par y mel nobutyl Ether of
Et hyl ene G ¢c81. /l° - BWAERD 3

86. 978 Bi sphenol A EXAMPLE 3 46. 835 The kettl e charge
is heated to [ ERR], heat renpved and ﬁ:‘ owed to exothermto [ERR]. After .
the exthermis exhausted, heat is app d and the 10 reaction nmass is )

mai nt ai n@0 above [ ERRInftor af wuitably adelppedkicesblagr therfedt Wishpoi nt, a-

Theor ot cal AE560BeHa,Avd AL By Bk R ve R rohu @

ether of ethyl endoglpusblyla¥tEr 36T Ethylene Glyecol .91.567
Normal Butanol . : 32.503

- Ethyl Acrylate o 14.453
15 Tertiary Butyl Penbenzoate 0.026

| ‘In a separate vessel, the following are addéd'
and mizxed: -
Ethyl Acrylate ' - 54.764

Methacrylic Acid . 122,060 °
20 ~ Styrene = - . ‘ ' 72.919
Normal Butanol ' 2.050
Tertiary Butyl Perbenzoate 2.351
. The reactor 1s heated to reflux and the monomer:

mixture 1s added evenly to the refluxing reactor over a
25 two-hour period. Then 7.932 parts of monobutyl ether of -
ethylene glycol are added as a rinse for monomer feed
lines. Reflux is maintained for one hour, at which
point 55.500 parts of normal butanol is added. Reflux
temperatures are maintained for an additional hour at

30 which point the heat is turned off and 72.623 parts of @
normal butanol are added, followed by 82.312 parts of
dimethyl ethanol amine and 246.940 parts of deionized &

water. The product 1s a solution of a Styrene/ethyl
acrylate/methacrylic acld//27.6/26.2/46.2 polymer at

35 30.8% solids in solvent, water and amine. The acid
number of the product 1s 300.



1.5 parts of nornal but anol are added to dilute the reaction mass and co qg-_
it to 100C. 121..131° parts of- the neutra®&id@ed acrylic polynmer. prepared ‘in

(A} are added rapidly follow ng by 23.181. parts of deionized water. e
mass is -heated to 20 refl ux tenperaturegBnd held foritwenty-five mnutes.

Heat is turned off and 155 parts of deioniz reheat ed [ ERR]
i shddded evenly over iﬁg h@uﬁqiﬁéaiy SHiLP %?gdgég%gﬁ A%P 3'%i§P

here at .28% smi.tﬂcgeht, APy ahﬁ@d)etﬁelrﬂdﬂowﬂ.ﬂlgtpdrtl BQ%NSBdlgh"XS 25 with
220.159 parts of |on of ,normal | to
provide a ready- t évggiﬁgﬁﬁ? t(kégiﬁiigﬁ ¢3J58Fvent ofq§6ﬁg8

vol une. TheSresuIt‘I'Egopr 8@9¢&% cont ai ned about 77.8% epoxy reﬁﬁ.rBa&d 22 2%

acrylic resin, by h an 30 eqU|vaIent rati o of ac
pol ynmer/ am ne/ epox%gogﬂggo\t#t 9&4 6/3.0/1.0. X was 3; and Y was’ %315

EXAMPLE 4 Add to 100 gr 3he &etilsnohargs)ls. lﬁegtad‘sueyﬂ:ao-@im°%artlal ly:
al kyl at ed ”E'lgé%{?eréﬁé%hd%%d%lgi%vfe‘%f'% V%Sﬁhéfmséc{" §95-$pdog vwater plus -

14. 2 wat €r grans nor mal ts as afl external

crosslinker t&ften thecsxpthessnilsd exhansted, dore@irAT eppided: j1amdr £hen
t@sts wer el perds frant aaget §MrA 8 A& %a@enﬁssbé o rakfs W? of an

coating. conpositions of the invention wth the m ni num cl ai med
acid 5 nunberaBFeEOBeékdeéﬁ&bﬁn&nneﬁﬁ ?h1%099$€Fsu§ gampdenian be:

cBnposi ti ons ﬁ@mévéa Fhe a@e@?mﬂﬁhﬂmdﬂléwl@@mgleuﬂbﬁrogfﬂ%ééﬁmb@ﬂ epoxy
content of 40%. dj ustnents had to be de i,n bﬂg equi %éﬁ ratios
T .

of acid .poly ?°5ﬁ¥£8? p8£V§M1QQQ%¥a %p%c Hatd Octi f f ein.
s -parts of monobutyl ether of ethylene glycol and 27.366

15 parts of normal butanol are added to dilute the reaction
mass and cool it to 100°C. . '
. ‘121. 131 parts -of the neutralized acrylic
"polymer;prepared in,(A).are added rapidly following by
23.181 parts of deionized water. The mass is heated to
20'ref1ux temperature and held for twenty-five minutes.
. Heat is turned off and 288.155 parts of delonized water,
preheated to T70-80°C is added evenly'over'é one-hour '
A _ period. This dispersion may be isclated here at 28% -
'~ solids. It may also be further diluted to 20% solids
25 with 220.159 papts of deionized'water_and-23.288 parts
of normal butanol to provide a ready-to-spray product .
at water/organic solvent of 80/20 by volume. '
The resulting product contained about 77.8%
epoxy-resin-andfzz;z% acrylic resin, by weight, with an
30 equivalent ratio of acid pdlymer/amine/epqu of about
4.6/3.0/1.0. X was 3, and Y was 51.5.
| . | EXAMPLE 4 | T
(a7m) Add to 100 grams of Example 3(B) 5.6 grams
Cymell373, partially alkylated melemine formaldehyde
35 resin which 1s 85% solids in water plus 14.2 water and
3.1 grams normal butanol."Tﬁis acts as an external
crosslinker to aid in curing coated films.



10 | d nunber and epoxy content. (A) Conpositions of the invention were _
regresented by the reaction -product of 50% of an acid polyner.with an acid
hogher of 100 nmade of 15 : styrene - 42. 4

et-hyl acryl ate - 42. 3 nethacryI|EEAC|d 15. 3 and 50% of "Epon 1007"

- epoxy resin with an average epoxy equivalent weight of about 2175, analyzed
at 2368. The 20 acid polynergﬁﬁﬁﬁﬁﬁg ed with enough dinethyl ‘-

et hanol amne to glvecg 2318l iteale LG Phd @St 8 @ f1
polyner/anlnelggaﬁ % % ?3 87/ 1 an actu ané? ?gé#osnefthe
}

4.21/ 4. 21/ 1¥el 2161%5 eiviateg-ponny ceating compO%‘ﬁ%%ﬁt Péns

outside eshBVeAvLABIYE G1RAPIHTRAOH i d1Ea 1 REE! 100 B 68UGH %1@0% of an
acid poly

mer a nber of 65 madé o
et hyl acr?l%?éger of iéOBGn% epoxy content °Eréh%aE?V?P§ aemaarabie and
40% of Emmﬂ;ﬁﬁ%ig&bﬁﬂpﬁzﬁ%ﬁ@e tﬂ”es_irrﬁﬁéﬁtmh E#ﬂﬂtlucany\aeidaﬂambart he sane
manner as in abqve_wi_th _enou i,methyl . £t ani t iye
theoretlcalogqé%vﬁp nPnr§PP§§ &#ﬂkﬁ4¥[ﬁ#&A&f?aﬁ@ﬁ%?%p%§$u§8m§p¥§/3.79/1
and 35 actuhadahelpeemadetmmsthéAequﬂvhréﬂﬂ.ratmﬁs af 1381dapdlymeay 51. 1. .
The conposit] ) Y b 0 of (A. @
(B)separate%hgﬂaéggPﬁﬁ gfﬁﬁgweeks uneﬁ&éfdlﬁ% yaffgggg %Eyi ondi ti ons,
while. (A&Or%nhdnaumherla@ﬁbp@ﬁ@@ﬁconﬂentmgh (B) could be 5 redispersed by
stlrrlng, this settling, would be. eyggpted

Compositions of the invention were represented
by the reaction product of 50% of an acid polymer with
an acid number of 100 made of
15 styrene -'42:&’
' ethyl acrylate b2.3
: methacrylic acid 15.3 -
and 50% of "Epon 1007“ epoxy resin with an average epoxy .
equivalent weight of about 2175, analyzed at 2368. The
20 acid polymer had been neutralized with enough dimethyl _
ethanol amlne to give theoretical equivalent ratios of ..
acld polymer/amine/epoxy of 3.87/3.87/1 and actual
. analyzed ratios of 4.21/4.21/1. X was 2.175; Y was 66.1.
(B)
25 Compositions outside the inventlon were
represented by the reaction product of 60% of an acid
polymer with an acid number of 65 made of

styrene : 45
. - ethyl acrylate i5 -
30 methacrylic acid 10 : R
and 40% of "Epon 1007" epoxy resin. The reaction product
was made in the same manner as in (A) above with enough -

dimethyl ethanol amlne to glve theoretical equivalent

. ratilos of acid polymer/amine/epoxy of 3.79/3.79/1 and

35 actual analyzed ratlos of 4.13/4.13/1. X was 2.175, and
‘Y was 51.1.



't0.be nore severe under stress- condltlons such as free2|ng and t haw ng. <E€f:>
Such. a'lack of stability undesirable aﬁgeprobably ‘comrerci al l y unaccept ab
mhen“a stabl e product is .available. 10. COMPARATIVE TEST. 2-

Ey engurucall y testing mhéacgmposﬁm&bnﬁ aﬂf%?#euéreoupgﬁirmeantlj 1&&5
een determ t-hat i onghi-R yeX et ween en
weLght and t REARTS v, EpBhec iy Sor T arnartod | DEaoTE CadB A ¢
acid pol ymer 3-8 wirles nuinder erdmhard1§pmorawary cdﬁdttiehaglmhﬂiQJls
expressed by 5 & Y (2

ml1liequival e@fft#élxgaé{\% Jf'g%':rl'o8|%‘§'c’%euterézl I- i%ldtm#? pszary, secondary or
tertiary arb md&sm@nbm stirrjog,erbidsy setipling muhsldbexmqmemo
grams of aci &Py Hsrd! YavERR inadd Strctd NorkPosioRg kkahegk Vel ght

di vi ded by 1000 curve represents the approximte | ocus of. borderline

stability. Axeezinrg %@@vt‘haWﬁBSeonﬁé@lht iGorkack oftabailitihe other =
Cond'tlons(ﬁﬁﬂdgkifaﬁﬂé'Qﬁdabfoﬁﬁblbn@dﬁﬂéﬁhfgiiﬁeuﬁéége?HEBQb‘Wﬁbﬁhe

epoxy equi val ent _wei ght; bel ow the curve, they are not hough there is’
sone fl exi- lﬁlﬁ?%blﬁ pRedpet Lscavaddabd® of the curve, it |ies :

- a@gproxi matgy y where thi's defingbMPARAMIVE tTES®tA poi nts of borderllne
stability have been 30 etern1‘§§‘3§‘T6TTGW§'—X“ YO . .
6-3/4 1. Y 1p@piyically testing aglamge number of 3

g 4 ~ differdsfit codposftiene, Y MR WeMAsOEPRShEEORhat. &
SR relationship exists between'the'epqu equivalent weight
_ and the mllliequivalents .(MEQ) of amine-neutralized
15 carboxylic acid polymer for obtaining a stable disper-
| sion. This relationship is expressed by a curve wherein
Y is 6+0. 75(2x), wherein Y is the milliequivalent of
carboxyl groups neutralized with primary, secondary or
‘tertiary amine or_monofunctional.quaternary ammonium '
20 hydroxide per 100 grams oflaeid polymer plus epoxy, and
' X 1s the epoxy equivalent weight divided by 1000. The
curve represents the approximate locus of’borderline ,
',' . . stability. Above the: curve, the compositions are stable
' if the other conditions of the invention ‘are met including
- 25 the acid number and the epoxy equivalent welght; below
' the curve, they are not. Although there is some flexi-.’
bility in the precise location of the curve; it lies
approximately where this definition nuus it.
: Data paints of bovderl;ne s abil 1ty nave been'
30 détermined as follows: -

° | x . X
: 0o - 6-3/4
& 1 . T-1/2 )
- | R P
35 3 12
4 18



. sisting e nii.al ly of Iiduid carrier and the reaction product of: 5
not Iessiﬁaﬁ‘gﬁgby wei ght, based on the weight of (A) plus (B), of an
epoxy resin containingliﬂ1AfwaﬁdﬁL?apnetw@dﬁmﬁgr§§%§gg%gggﬁ% group?Bse;
sl T G T , ; id F =9
Carboxyl -1 urRonBRAL R FRRRFERIYE B8 1iGuld caniien pndytee mesetion”
1. 25 equi val pndduot ofr:boxyl groups, when the source ?f thg ca{boxyl groupy
[ no- [ [ t | t ui val ents of carbox roups,
wnen 15 5 ' TRY msl atn Gien 5p8.5Y WeleHh piteeediam bhswetaht
equi val ent of 1,2-eponfgynjupnusl(By,epgxanre#qxﬁfwéﬂi?fbbﬁﬁaﬂﬁ%ﬁéy g "
' ' T - of - abo
10000- 160,000 and- an°Bc e drpetages wo - LePhynalo sEnenpay. SRR ouS
sol ution of at |east pe?5mejeculendndchawingr Brrepoxy neqpgvadestyal ent of
1, 2-epoxy groups in tpgigﬁﬁ?xggeﬁédhsggﬁg tertiary am ne being sel ected
0

fromthe group consistrn > RIRZR3N, pyridine,
N-met hyl @@ rol e, (Bleahgarbioxyli-furectdemalhpblymerolini aa, aMouRithy!

insabst] £t ed mono- vAREACSR B RRRPLGh ok, AbGhdl o25, SRuLIGRY

atoms in the alkyl poefi eardoxyd groups, swhehi theedoureesolstheut ed

Tor00% o e Ao, BaSSBAE" gl 46% W8l BFrse dELaPRHE'RY Y

least 2.0 equivalents of carboxyl groups, when
15 the source of such groups is a diprotie acid,

' ‘per equivalent of 1,2-epoxy groups in the epoxy
resin, said polymer having a weight average
molecular weight (determined by light scatter-

. ing) of about 10000-160000 and an acid number
20 . of 100-500; .

(C) an aqueous solution of at least 1.25 equivalents
of a tertiary amine per equivalent of 1,2-epoxy
groups in the epoxy resin, said tertiary amine

. being selected from the group consisting of

25 ' RyR RN, pyridine, N-methylpyrrole, N-methyl

' piperidine, N-methyl pyrrolidine, N-methyl _
morpholine, and mixtures thereof and wherein R,
and R2 are substituted or unsubstituted mono-

_ valent alkyl groups containing one or two carbon

30 ~ atoms in the alkyl portion and Ry 1s a

substituted or unsubstituted monovalent alkyl

group containing 1-4 carbon atoms; -

* c L M H *



st0| chi orretrl c reaction wth the carboxyl- functional polyner of (B) of at ué/
|'east™ one prinary, secondary or tertiary ani ne or

nmonofunctional quaternary anmoni um hydr oxi vvheralmm "IIH I“" "I“M"I about
6+0. 75([ ERR]) wherein Y is the -nm|liequivatrent of catbdxyl- gtoups *
neutralized with primary, secondary or tertlary am ne or nono- functlonal

quater nary anmoni um hgply o¥pE€oRan 1390161 p
epoxy,” and X is the e%%iyﬁ%?glova e%t gﬂ% élqwtggd%nﬁ(}%oﬁ‘y%@\%ﬂe?g?n

for increasing ratios of BK&P“‘@FBEIES eéctione ydhih JFheuparbesyhmount of

‘am ne is increased, abovefmllietﬂdjﬁﬁll pylyﬁ;@b{adﬂ QB)( G ,a-gzr]_@@é]ﬁv&ié he 15 :

m ni num necessary to neut i ze the car r to keep the

car boxyl - functional poly flﬂﬁf“ér ﬁFgW‘B@F& 8% % ?ﬁ? AR on of

claim 1 herein conponentmoéfun¢Bionad Qﬁ)atemnpzwsmmmnﬂ Hydfdxbge; -

wei ght of - the ¢ 1 540 98" t he

liquid carrier {]@:ILS V\Bf é't geagg EQSP%onaP (2 ﬁ,%?yq%hd% {

volume ratio of #h%mtbl@m%valenmwr 088’0013@ m nenrtral ttedm 2

‘wherein sai d canppty| phinsiy NSk cBALY roSStBE%EEQQ fﬁi%% %HP?@% pyf ficient
car groups, :

t@provide at |east 1 75 equi valents. o eh the
source of the cdrBsdtonab guat eanmoawemamwwérozﬁdeamemago 2gBams

equi val enfs of Qﬂ'tmxyd lgé%r ﬁ\f@@g EP8x§oURRE Of §g leaiyl s a

digproti-c acid, per rouas in e ‘epoxy- resi n. 15

4. The corrpomtﬁ:fﬂ’l an‘f%i%ﬁréi{ﬁggﬁﬁdb caPEBxiy a¥‘Eﬁnct|onal pol yner is
present in -an am&ﬁemffdaﬁlﬂméréﬁsﬂﬁgvrdelag Hﬁr earbar gﬁ. Ay aggnts of

car boxyI . groups 1peé pqomyaglz@gtgpgf %he amggl)'% g ?.nlenls inc}rr]eeaseec(ljxy

resin.
above the quantity stated in "(C)'", and above the

15 minimum necessary to neutralize the carboxyl groups,
to keep the carboxyl-functlonal polymer water dis-
persible.

. 2. The composition oflclaim 1 wherein
components (&), (B) and (C) comprise about 0.1~-50% by
-weight of- the coating composition anq the remainder 13"
comprised of the liquid carrier which 1s water and,

5 optionally, organic 1liquid in a volume ratio of from
70 30 to all water. .

3. The composition of claim 2 wherein said
carboxyl—funetional polymer is present in an amount.
sufficient to provide at least 1.75 equivalents of

-~ 10 carboxyl groups, when the source of the carboxyl group

1s a mono-protic acid, and at least 2.5 equivalents of

' o ' ca.rboxyl groups , when the source of such groups is a
diprotic acid, per—equivalent of I, Z-epoxy groups in the

P\ . €pOXYy resin. :

. 15 -4, The composition of claim Z'Wherein said,

: carboxyl-functional polymer is present in an amount

sufficient to provide no more than 6.0 equivalents of

carboxyl groups per equlvalent of 1,2-epoxy groups in

20 the epoxy resin. o |

. 5. The composition of clalm 2 wherein -salid

epoxy resin has an epoxy equivalent welght of 1500-4000,

»



- B e cmwd V\,herei n said epoxy resin has an epoxy
@ al enim " 4000 . The conposition of ¢laim2 wherein
satrd..carb lm ”nm Hﬁﬁf@ﬂm ymer |s a copol yner of at |east onée _
"[ERR] - et hyl*enfcat | y unsawlr at ed aci d and,ggl east one [ERR]-ethylenically
unsat urated nononer other than an acid. 5 7. The Ttonposition

of claim6 wherein saiddERRmet cal.ly unsaturated acid S representeﬁ
by the structures: (i) 6.5 Q’F’E&&Flﬁﬁ% P Tl 87 injgaid (jjj )d-

[ ERE] (i ;/) caFER]P:]ﬂmtﬂ Polymegeisor aolpeu lyylerr adi l@.ﬁ;' %L@%sl? 6neb
carbon atons %E;% a ical o car bon
at ons, hal ogeﬁ hoalgg}:éaah'yaﬁsg %gg't 8%%‘ F‘h 58 3 @WI ongnd [ERR] is
an al kyl ene radfc %Wﬂ-eill@aé&%msattmtedr monpmelre othee d:ha(qj Bh, aeu_dl ) or

(iv), | f-esters theregf g.w?alkanols of 1-8 carhon atons. 8..
conposition of claim7. SOMPQELOR AF| SARLA | Vﬁ?ﬁxé?f’cﬁﬁééldam dis

sel ected frorg mmleaieanlgomﬁiﬁﬂmeédaaual Q.sa(i'leﬂi)ré”@éﬂﬂﬁéd%yctﬁ@ d,
and itaconi ¢ The conposition of claim6 wherein said

car boxy| -fu15%?&)?aq ®f§ner- has. an’ aci d nunber of 100- 150. 25
10. The cofppogiif)i on of cl aimb wh i ngsai d xyl -funct I onal poI yrrer
has an aci dfnumber of - 150- 250 9&1@ 2 éébﬁo o

o | ) HOOC. . D ':’ '.f' .
S -.?9‘*\c . c*”/’RZﬂ e o *
o R/_ " _\co_ou-. P

.

1
o | (un) TR C/Rz |
S - __quc/  coon

or

R : ~COOH
B
R \R3COOH |
. wherein R 1s hydrogen or an alkyl radical of‘ 1-6 carbon
atoms, Rl and R2 are hydrogen, an alkyl radical of 1-8
| carbon atoms, halogen,,cycloal‘cyl of 3-7 carbon atoms or
15 phenyl and RB is an alkylene radical of 1-6 carbon .
' atoms; or, in the case of (ii), (iii) or (iv),
_ half-esters thereof with a.lkanols of 1-8 carbon atoms.
- 8. The composition of claim 7 wherein said .
| c,#—ethylenically unsaturated. acid is selected from the .9
20 . group consisting of acrylie acid methacrylie acid and ‘
| itaconic acid. - . . : - N
9. The composition of claim 6 wherein said
carboxyl—functional_ polymer_' has an acid number of 100~
150 S T o
25 | ~ 10. The composition of elaim 6 wherein said
. ] carboxyl-functional polymer has an acid number of 150-
i 250. '

,.(iv.)-- __

“\




11.. The conposition of claim3 mhereln sai d carboxyl functlonal pol ymer, id L&;
present I n an ampunt ‘sufficient to provide 1.5-2.5 imﬁ”mumm boxyl — .
groups. per equivalent of 1,2- epoxy groueé\cfmd said Hmlyf (O
s present in the amount of 2.0-2.5 equiVvalents per eqU|vafenf of ¥ 2-epoxy
groups. 12. The conposi cl \@¥§ S Eng e ly
unéafurated nonomer i s %%Fec?aa Pghﬁk%ﬁ Igu éﬁé#%‘ h%%@%ﬁlyéfa

(a) [ERR 15 _vmmoﬂrl{-ﬁm?]:tipﬁlﬂz] p@ricyn{eERFi]s epleesxgmtognnanr amouaitkyl
radical of 1- %ﬁf{@@ﬂeﬁhoveso tBride 1.5-2.5 cgﬁﬂamfae BraRdrbE3gy are

hydr ogen, an al radi cal - 20 car benzyl

phenyl , - and [mupsspﬁydﬁegéwaéenﬁtqﬁul hgmsyesgoapsé@m ﬁ@-iQCI d -
met hacryl i ¢ 5act grol afy X b 95 Ufer(mf w tﬂbé’éé‘ﬁf'oiﬁ Qﬁelaﬂaéuﬁ%”&?nzatm 5
(d) a mxture of fﬁ io 20% of -sai d of 25 hgg,jroxya kyl

(et h) acryl at EIREFRASRES2PET0 R UGV ]@nt( bl eR9XY o8HOURF <a i xture of
up to 20% of said pol yngp,of Thee s&m:ﬂeoﬂrci\hﬂhkéxﬂﬁéﬁbih sald

th | d f b t
T aara By e neaal1s) i t&%ﬁ%ﬁﬁ@i@ﬂ? iy gRrgtied il .y "

frﬁm t he grouptmengreupngoneﬁ_s&q,rnd igf acid, methacrylic acid, and itaconic -
acid. 35 Kﬁ' conposition claim 13 wherein said
\r boxyl-functi onal poI y r) has t he’ COH‘%}BI t| -
sta%r ene/ acrylonitrile/[ ERR]-ethyl enical IQ ﬂell’&{u at ed
aci d// 45-84/10- 30/ 15- 54.
R

where R, Rl, R2 and 33 are hydrogen or an alkyl radical =

15
of 1-5 carbon atoms;
(b) B,
: R\ C CN
3 "g -
Rl :

where R and Ri'are hydrogen, an alkyl radical of 1-18
- earbon atoms, tolyl benzyl or phenyl, and’ R2 is hydrogen
or methyl; : :
- {e) esters of acrylic acid methacrylic acid or
mixtures thereof with alkanols of 1-16 carbon atoms;
(d) a mixture of up to 20% of-said polymer, of
hydroxyalkyl (meth)acrylate with at least one of (a),
(b) and (c); and
_ . (e) a mixture of up to zoﬁ_of said polymer of
(meth)acrylamide or N-alkoxymethyl (meth)acrylamide with
_ _at least one of (a), (b) and (e).
S 2 ~© 13. The composition of claim 12 wherein the
é | 'z,a-ethylenically unsaturated acid is selected from the
- group consisting of acrylic aciq, methacrylic acid, and
itaconle acid.

' 14, The composition of claim 13 wherein said
carboxyl-functional polymer has the composition of '
styrene/acrylonitrile/«.8-ethylenically unsaturated
acid//45-84/10-30/15-54. o

20

25

35

L NC



The conposition of claim 13 wherein said carboxyl-functional polyner-
hag\t/he co ,m,m“m e/acrylonitrile/alKkyl ..
(e )acry I/Hunln cal | ya_g-psaturat ed
aeid/ / 30- 60/ 10- 30/ 10-%50/°15+54. 5 16. The corrp05|t|on of claim 13

wh d b I h f - T

o ooy Stk e et obR! BB e (R AR g e Rag saza

aci g/ / 2|O 7 Wt @ity 16fadct16nalTpe lymero dids whmfemWﬂt£OMG@| n said 10
0X

ot hacr yi A O 2 BEY I0BE pER e A N B V1 8BL P8 g tpgaant -

unsat ur at emaaklm/umﬁﬁraﬁed4aﬁiﬁd/3ﬂ860/mﬁe-Wﬂ;ﬂ)sﬁm/bﬁ—ﬁﬂ.cI ai m1l _wherein

sai d epoxy resinis 5 90%.9& %ﬁg’%ﬁfﬂ%ﬁﬁp'&fa ’E)lﬁ‘?hfﬁﬁz&j“ sai 9 The

il

conposition of claim wher ern am-ne- of S sel'ected
fromthe gmqbw\b-rﬁunq'gionaﬁr pné.wmqr mm-.hen canpysitioanolf ani ne,

thyl diet d 2, 1 ne,
gﬁ?me%/hyl | gen am ne, % @%Eﬁpa%@i %"g?nen@%n{?lﬁﬁﬂ?:&e?&g% am ﬁ? e
di met hyl 3-31§R:ﬁ cﬂ@iddlﬁen'mlflﬁrrﬁﬁdlsd'l hyl 2-hydroxy- I pr opyI ani ne,
di met hyl | - hydroxy- 2- P1,9PYinaBhpoRAt 1 (d¥ e@lémrnf’f?fwhzeeﬁh%a d .

conposi tjon of claim wherein the tertiary am ne di net hyl
et hanol “HhiGdrboxyl-functional pelymedhhas tkhe eAmRe encedsi sting

Chan 655 b Pt e (B ey Tesin
contalnlng‘%ﬁiéﬁﬂp%ﬁiﬁﬁﬁﬁeg ig??k&mﬂ°2§Q?iﬂ%i§L§#oups 30 P y. per -
Car boxy! - ?‘Eﬁc[‘?é'nzg ""“eﬁ?“‘ee“‘n"”?'ﬁ%?i""fL?“"cm“bp”“h?""@?é‘i@%?“’l o
Sbout 3. 75 SRAAY drest b5 sarBodypTymadat ah (Ao dar (BYas of
t he car gyl group isig, annepbompeswmﬂbnéﬁﬁiclaim 2 wherein the
' tertiaryramine of (C) RlR2R3N 1s selected from the group
consisting of trimethyl amine, dinethyl ethanol amine,
methyl diethanol amine, diethyl methyl amine, ethyl
- methyl ethanol amine, dimethyl benzyl amine, dimethyl
- 20 propyl amine, dimethyl ethyl amine, dimethyl 3-hydroxy-
l-propyl amine, dimethyl z-hydroxy-l-propyl amine,
dimethyl l-hydroxy-z-propyl amine, and mixtures thereof
~ 20. The composition of claim 13 wherein the
tertiary amine of (C) is dimethyl ethanol amine.
25 21. The composition of claim 1 consisting
essentlally of liquid carrier and the reaction product of:
(A) not less than 65% by weight, based en -the weight
of (A) plus (B), of an epoxy resin containing,
on the average, two terminal 1l,2-epoxy groups
30 . per molecule and having an epoxy equivalent
' welght of about 1500-4000; _ e
(B) a carboxyl-functional polymer in an amnunt
sufficient to provide at least about 1.75
equivalents of carboxyl groups, when the source
35 - ‘of the carboxyl group is a mono-protic acid, and -
at least 2.0 equivalents of carboxyl groups,



groups is a diprotic.acid, per equivalent of 1, 2 e
Pes,n sai d pol yner haV|ng a wei ght aver3a§ nol ecu

ght 5 scat t:eri ng) of about_ | 0000-8600 and an adi d*nunber of
about 150- 350; (O an. aqueous sol ution of at |east about .1.75 equi val ent s
éf\_a tertiary am ne. per equival ent of

ups end epbay resin,
said 10 : t er tWRe% n8°BELHy 2 eleé?pgﬁ@éﬁf t he (ﬂ?r nsiabi ng
of [ERR], pyridine, Nyébdhypewr equdvidlesthyof pl pereRPR¥, Q?éf y£
pyrroli d| ne, N-methyl phol i t €8 and;efxtgmm n [ ERR]
~and [ERR] are substlt%@%ﬁlo?eﬁggubéﬁidﬁggiyﬁér Hgﬁtu? Iky
groups containing onezperhge maMbmukannnﬁish¥h@dﬁpﬁngﬁﬁgfq%¥ is a
substituted or unsubstlt ed o ova%eigo@é ky$ 09028000 endi ag a.cddcar bori
atoms; (D) optlonally5°§ ‘Y& amount required for 20
-st0|ch|onetr|c react|ﬁﬁmb@rhouheﬂnaNDol§D-35ant|onal pol ymer of (B) of at

| east” one pri mary econdar r. t agfngto&emaﬁmttloﬁ
guat ernary anmoni ﬁﬁsh ém%\hsgérie“:kn @

is_at least ahou éﬁ
wgerein Y is the 25 rrehuimenﬂsemfoa BeFBARYY 51“615’;?5 ag:! |ze d\;vl .
primary, - secondary or tertl nQﬁofcgacrep(mqi resio,nsal mmnl um
~hydroxi de per 100 graf‘?\? dre %ba&%l?n%ﬁbs ’ '

at | east 2 0 equival ents of carboxyl -groups, NHIB sour ce of such

egui val enjg wei-ght di vté&&ﬂarmmnanbééglgu\sﬁi%%&%df g&?’ﬁ J'r"glasﬁlg r at | os of |

e
;g(r) 5ce>xyl qroups to 1. 2 SRR BRLUBE R&hga%wurﬁyxfﬂdmpmmemmmo

N-methyl piperidine, N-methyl pyrrolidine,
| N-methyl morpholine, and mixtures thereof and
: o wherein Rl‘and Rz'are substiftuted or unsuhsti— |
15 o tuted monovalent alkyl groups containing one |
r two carbon -atoms in the alkyl portion and
. R, is & suhstituted.or unsubstituted monovalent!-
: -.aikyl group containing l-4 carbon atoms;
(D) optionally, 10-90% of ‘the amount required for
20 stoichiometric reaction with the carboxyl-
| | functional polymer of (B) of at least one
primary., secondary or tertiary amine or mono-
functional quaternary ammonium.hydroxide,; '
wherein Y is at 1east about 6+0. 75(2 y wherein Y is the
- 25 mﬂlliequivalent of carboxyl groups. neutralized with-
. primary, secondary or tertlary amines or monofunctional
quaternary ammonium;hydroxide per. 100 grams of acid
.polymer p;us epoxy, and X is the epoxy equlvalenu we*gat

o

‘divided by 1000; and |
30 wherein for increasing ratios of carboxyl groups o
4} .- : 1,2-epoxy groups, the amount of amine is increased,’ above :

the quantity stated in (C), and above the minimum necessary
to neutralize the carboxyl groups, to keep the carboxyl-
functional polymer water dlspers:Lble. o
35 22, The composition of claim 20 consisting
'essentially of l:.qu...d carrier and the reactl_on product of:

D
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e\quantity stated in (a), and abové t he ninihunineceéSary_to neutral i ze-

carboxyl the carboxyl -~ functional" polymner, water -

s er si bl e”“l“ﬂ"l I""ﬂlmng The cqnpom tion of claim 20 consisting
essentially df Fiqbid*carri*er and t ey eact i on product -of: * (LA) "about
78% based on the melght of (A) plus (B) of an epoxy resin containing, one.
t he aver ageg rr?rga.l u e@q #id ng an epM
_ eqU|vaIent ?mﬁ?a i %é%xnu&%og%g ?%}ggkbggtoxy Q?unctﬁgﬁa pol yrer

in an anount subfl a.nelelpcmy meamec@mtaéaéneabm the averag@eents of _

car boxyl groups e X Yerd MPeb§lad NONO-protic
acid, and at 8§$M§Q6 eqU|va téﬁ %9 gfghgg ﬁb u %gen the source of
such groups |s andi paVing a4 EPYHEY %%E?-Vﬁ 6 ﬁﬁi Xy groups in the
epoXyeresin, aagoaglgugn.haV|ng a wei ght average nol ecul ar -wei ght

Cdete?m ned, 15 _ ]a-?fht scattering) of about 13000-18000 and an acid -
number of a%lltaegérbf)@f 1 pol¥meynis an ameyntabout 3.0

equi val ents. of é‘uf‘fﬁi'%ﬂt atra @&{@goatp?éag%u%ﬁlt og 1,-2- epoxy groﬁps :

in the epoxy t1onal O -90% of the anmount required
for stoichi onet?ﬂﬁiﬂéé@ﬂtﬁn mbmérsmpps,f whesn BB pol ymer of (B) ofe

at |east one prigfpge SICLHEATMBoifl ! ERbYpATEN® HoM®Lfrotic

functional quaternary anmoni um hydroxi dé wherein Y s at Ieast about .

640, THDERR] WheR€ifs A7 Andeast | 2evi SARANEISNtS OB SR RS m
neutralized by gpb{ipsy when the source of such groups is a o

diprotlc acld, per equivalent of 1,2-epoxy
groups in the epoxy resin, said polymer having '
_ _ & welght average molecular weight (determined '
15 " by light scattering) of about 13000-18000 and
' an acid number of about 300; :
(C) an agueous.solution of at least about 3.0
- : eQuivalents'of'a'dimethyl'amino ethanni per
' equivalent of 1 2—epoxy groups in the epoxy
20 - resin; . |
(D) Optionally, 10-90% of the amount required for
stoichiometric reaction with the carboxyl—
functional polymer of (B) of at least one _
primary,. secondery or tertiary amine or mono-

2 ~ functional quaternary ammonium hydroxide; _
2 wherein T is at leas®t sbout 6+0.75(2)¢ wherain ¥ is

the mlllleq_ulvalent of carhoxyl groups neutralized by primary,

-

secondary or tertviary 2mine or mono~functional qaaie*nary
ammonium hydroxide pexr 100 arams of a01d poljmer plus. epoxy, ', $
30 and X is the enoxy eqguivalent wei Tnt divided by 1000; and
Whereln for increasing ratios of carboxyl groups to 1 y 2=
epoxy groups, the amount of amine is increased, above the *
quantity stated in (C), and above the minimum necessary to
neutralize the carboxyl groups, to Keep the carbOXJl—
35 functional polymer water dlsner31ble.



secondary or tertiary am ne or nono-functional quaternary anmbni um '
hydr oxi de per 100 grams of acid pol yner pl us epoxy, e epoxy\
equi val ent wei ght di vi ded by 1000; . anWerel n fo“lmmmgnmm,”iﬂnos of .
carboxyl groups to 1,2- epoxy groups, t anount *aneEneL| s | »3Cr @ase

above the quantity stated in (C, and above the ntnlnuntneces ar

neatralize the carboxyl%ﬁ<n1 etQPmE@ﬁitﬁéncéfbﬁiﬁﬁm:ii 31ﬂé; %nall

pol yrer. Water%é' Sg%rs'olhj ey éféte é&?”B?SFF' oada&telosamﬂy confaifingl,

12,.~14,. 15, 1 afdditi ona caontai ning a cross]inking

agent ‘which i-8 §PQﬁ§%iﬂKiﬂ£cﬁgﬁmkﬁ6$i¢6rﬁﬁlé@h}&ésan@Q§ Rk Rhpetesin. 5.
24. A waterfgghggdgﬁyaéuhﬁangﬁagf@geﬁfrggghnt1 consisting essentially

of Fiquid cgtrier and t tio roduct of A) 50-90%, ,hased h
weighit- ‘0f - (i) plus (B), g T‘é@?ﬂ%&ﬂ?&&ﬁﬁw&"mﬁ?q ég%i ot
10 -~ 7. .-t ebmsAaltih essaﬁmiuxmeopetiqutacuheraee mmdruheure@osﬂon

equi val-ent melght of 875-2500; .(B) a carboxyl-functional polyner in an
anmount sufflc fvi de about 2.5 .equi val ents of carboxyl groups per

equi.val ent” of 1, 2- €Mx\50-90%, basedgonuphei wetlghtepdxAkeplus V\m)?lofsal d
D S0 0Ty, 5o oy R GoNRRR . ol WAL Aarager 019, g
by ‘1 i ght :s3@ttering) ofteafuitl 1Dp2-6€poaydgroups perunindedfle and of
L1001 and () o0 syt e’ Byt SR 9E a1 Aot
wher ein conponentsd%% (qgrnpﬂvlfjunohﬁpnea R in an amoung
' : sufficient to provide about 2. 5 equivalents of
earboxyl groups per equivalent of 1,2-epoxy
- 15 _ groups in the epoxy resin, wherein said polymer
| has a composition of styrene/acrylonitrile/
~ itaconic acid//45-84/10-30/11.5-17.4, a weight
average molecular weight (determined by light
. scattering) of 60,000-100,000 and an acid number
20 - of 100-150; and - |
~ (C) an aqueous solution of about 2.5 equivalents of
© ‘dimethyl ethanol amine per equivalent of
1,2-epoxy groups in the epoxy resing
.wherein components (A), (B) and (C) comprise about
25 '0.1-50% by weight of the coating composition and the
: -remainder is comprised of water and organic ligquid(s) in
& volume ratio from 70:30 to 90:10. o
25. The composition of claim 24 wherein said
-polymer has a composition of styrene/acrylonitrile/
30'itaeonic acid//about 66/about 20/about 14.
é T -- . "26. The composition of claim 25 additionally
e ' -containing diethoxytetramethoxymethylmelamine.
27.. A water-borne coating composition of claim'l
, consisting essedtially of liquid carrier and the reaction
.35 product of: - . ' '



oating conposition and the remai nder is
I“m“ﬂ [c l.iquid(s) in‘a volume ratio from70:30 to
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cl ai m 24ywherein said polymer has a

f ‘“conp03|t|on of styrene/acrylonltrlle 0 itaconic acid//about 66/about
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scattering of 60 000-100¢,000 and an acid number
of 100-~-150; and -

an aqueous solution of ‘about 2.5 equivalents of
dimethyl ethanol amine per equivalent of
1,2-epoxy groups in the epoxy resin;

wherein components (A}, (B) and (C) comprise about
0.1-50% of the coating composition and the remainder is
comprised of water and organic liquid(s) in a volume

20 ratio from 70:30 to 90:10.

28. The composition of claim 27 wherein said

' polymer has a composition of styrene/ethyl acrylate/
methacrylic acid//about U42/about 40/about 18.

29. The composition of claim 28 additionally

25 containing diethoxytetramethoxymethylmelamine.

30. A water-borne coating composition of claim 1

consisting essentially of liquid carrier and the reaction
product of: ’

(4)
30

(B)

35

50~-90%, based on the weight of (A) and (B), of
an epoxy resin containing, on the average, two
terminal -1,2-epoxy groups per molecule and
having an epoxy equivalent weight of 875-2500;
a. carboxyl-functional polymer in an amount
sufficient to provide about 2.0 equlvalents of
carboxyl groups per equivalent of 1,2-epoxy

&n Bdenpdkltloq‘,

o

P



pol ymer has a conposition of styrene/ethy.acrylate/-nethacrylic acidr/ about
42/ abett 40/ about, 18:.°29. The conposition of claivuluuﬂﬂg' ' 25 -
cotit ai ni ng di et hoxyt et r amet hoxynet hyl rreha‘g}'\ne. 30. "mmm 'goat‘i ng

“conposition of claim1 consisting essen ly of liquifl carrfer ard the
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a. car boxyl - functi onal B £ d u 3Gl <@ | fle 2.0
equivale%ts of 35 F%ﬁﬁ?%%?%%&@?yiﬂe QEi%VNLfE:ﬂ%§é§kﬁ%ﬁﬁﬁﬁzgggg§3-

roups pér equ
groups in the epoxy regﬁ¢r¥¥%%i@e%/agrﬂﬂgBD;ﬂéﬂﬁl} -A 3420 08 of nethyl
met hacryl at & ethyl acr yed ecavgyggg%eg&gu&%wmm W%é&%ﬁea by

acryl am de//20-40/ 30-74/ 12~ 8- 19. 0, wei. aver age o
nol ecul ar wef ght ' ( det erk&RE %@attgﬁinSéaneﬁanPQﬁlQﬁhéhﬂL100,000_and an

aci d nunber .of 100- 150;g:0ak @efd agmgggsog-olltgoi_q_rgd)’f aput 2.0 -
equi val ent s.-of dinﬁ&£%I et hanol aninfﬁgir eg%jv | ent ‘of 10 ' '

-1, 2-epoxy groups-i: AR RANCPUR 50 PB; ,c@gﬂﬁﬁaﬁfp(QSﬁiYQQeﬁﬁﬁ_?é).

. ceppri se about 0. 1- 50%3fmé tigy T o@thafoTOoERAAR! pedr vl drepBbpder is

. conprised gf water and organic |liquid(s) [n a volune ratio from70:30 to
. 90:10. 15 ib- o :&Lfféﬁséb¥¥c$5°€85tiﬁ ﬁhFheQQ§¥%£F§£hHing based on

t & conposi.ti wheafein xtombon&2ts HA)ar {BJl endodi0d compriseuakkdutoat i ng

based 9”_?“6 %Tﬂ%§ﬂ¢i6¥L£ﬁecéééﬁlﬁga98bbhgﬁ%wdh and the remainder is

' comprised of water and an organic liquid(s) in a volume

* ratio from 70:30 to 90:10. R

15 31, An article coated with a cured coating

- based on the composition of claim 1. _

' " 32. An article coated with a cured coating
based on the'compositidn of claim 1 additionally
containing a nitrogen resin crosslinking agent.

20 - 33. A’ébﬁting composition of claim 1; 20,
21, 24, 2T or 30 wherein components (A), (B) and (C)
are capable of forming a hydrogel structure.

-~ 34. A method of msking the composition.of
claim 1 wherein ' | | -

25 _a first solution is made by dissolving the

- epoxy resin of (A) and the carboxyl-fﬁnctional
- polymer of (B) in an organic 1liquid,
then the tertiary amine of (C) is added to the

, _ first solution, to make a second solution,

30 then water is mixed with the second solution,

- if needed, to achleve a volume ratio of

. water to organic liquid between 70:30 and
90:10. | : -
35. A method of making the composition of
35 claim 1 wherein '



- CoRt ai ni n n crosslinking agent. 20 33. A coating

. 05|t| ‘Hmmﬂ ﬁﬂg‘ 21, 24, 27 or 30 wherein conponents (A), (B)
For i ng a hy el structure. 34. A nmethod of naking

¢ corrp05|t|on of claim1l wherein 2 a first solution is nmade by

di ssol ving the apcﬂi;rs*besallxkh.omysamabhbycé.n.lseny.mnqu;heon@bxgol yner of ~.
(B) in an organic,]l et r of (O is addedtothey
first solution, 9" éﬁ%& chr?dg%o}ouﬁghicyg'%%aa '

n water_ i s m xed

th
with the secondtb%‘l o;hemzep\ﬂs Eodukin o aa@ﬁmaﬁ%?uﬂ%( St ivagfedater to
organic |iquid bgswpaneitt3SrRgal Gol formBa. pAlytieiit quaterialy

conposition of 35 claim1- V\/nerel n . ﬁ fi st solution is nmade by di ssol vi ng
the efoxy resin Wﬁ} Gl ‘then the aqueous solution of a -

tertlary am ne @he&@)gﬂéc&&m atﬁﬂ@:é:&loh&& pollymeen ofo (BYr, rra@ts@@lmarh o ic
guat ernary anmmoni ym : roxide .in r c qui en e
. carboxyl - functiondf® F& i&f&(’@‘uddl F"3§881 %:'%h 3‘#’6 g‘ i s
m xed with the polmmamamaammmmmmdmomd:dleymdm égnhartb.omgrlioatﬂom to
forma second sol Létl%rbofnho -then water is mxed with the second

solution, if need lgnéf wei ght ratio of water -to organic |i qui d?‘_
bet wedi® 70: 30 andhen &te3s: is mnmdrmmhbdthre slegond3 solmdieon; tife need-

car boxy! - f unct i onedl R0l of Hed w&%ﬁ%a%e%a%ﬂ%&%g%h
st0|ch|onetry 15 mnth Ieast one | mar secon ary or tertlary anlne orﬂ
llquld between 70:30 and %0- _
36. The method of claim 35 wherein the carboxyl-funct10n~
al polymer of (B) is pre-reacted to 10-90% of st01ch10metry
15 with at least one primary, secondaryiqr tertiary amine or
monofunctional quaternary emmonium hydroxide of (D) before
being mixed with the polymeric quaternary ammonium hydroxide.
37. A method of making the composition of claim 1 wherein
 a first solution is made by dissolving the carhoxyl— _
20 functlonal polymer of (B) in an organic llquld,-

then an aqueous solution of a tertiary amine of (c) is

- mixed with the flrst solution to form a second -
solution, then an epoxy resin of (4} is mixed with
the second solution to form a third solution,

25 then water is mixed with the third solution,
if needed, to achieve a volume ratio of water
to organie liquid between 70:30 and 90:10.
- 38. The method of claim 34, 35, 36 or 37 wherein the
S result:l.ng mixture of (4), (B) and (C) is heated between 50
30 and 95 C to ‘react (A), (B) and (C).



nonof unctional quaternary ammoni um hydrOX| de of ef or e- n ' ,
with the pol erEI’I c quaternary anmoni um hydr oxi de“lim mllm |I Hﬁf maki n@’-
t he conposition of claim1l wherein a f_ st 'sol ut ssol vin
tﬂe’"tar boxyl - 20 - functi onal r of (B [ n an or ganic liquid,
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34, 35, 36 or 37 V\/nerel i0t.he Thes miethngd noRt elaimi 384) 35( Br 3% whgrein

'_heat-ed bet 50 d 9 C.t Th :
" met'hod of e §§ in 0 r 0%14@'3?‘ #?‘EQ g'%)]ftwuer‘s'e3@? (A " (B)
and (C) is.. i'eac*:f:dtbepwedmc'eo améq.ﬁa}ntproéuct @A}i then @dbl egst 40.

~ The riet hod of r n
~claimare al pg&%ﬁf)f%ﬁ#rg o‘%‘r@%ﬁg &L r%ﬁ%{? Ec'?ﬁgn t %#Qéa?f east
one prinary, q;mbaﬂaayyomwﬁhmyhmmdﬁ @rﬁn@ néﬁl sdxedy Bl

_ ar;mnl um hydr ?*5183 ?:P): Lagt xed with the reaction. product 10

-"41. © The corrp ron o alm'l wherein the liquid carrier is water and

j or‘?\gnl c lilfuid in a vol #is r fhe cimpositien: of claim 1 whaneibd BRemaking
~aWat er - bor-ne ng t S I bed .
I any one. of LRI SacA fé%éé‘\p h8 bREkII®® G O o Yy dPae
‘subst anti al | yratinepsi aberusr 8QkRQ+i bed in any one of the Exanples. 5 44.

An article coated with a cured coating based on the conposition
42, A method of making a water-borne coatlng composition

substantially as hereinbefore described in any one of the.Examples.
43, . A water-borne coating composition substantially as hereinbefore
- described in any one of the Examples. )

5 44, An article coated with a cured ceoating based on the compos:.t:mn
of_ény one of Claims 2 to 30, 33, 41, or 43, or based on the composition
whenever made by, the methoci of any one of Claims 34 to 40,' or 42.

45. An article in accordance with Claim 14 wherein the composition

additionally comprises a-nitroger! resin cross-linking agent.
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o] ,+ 33, 41, or 43, or based on the conposition

) peler t of any one of Clains 34 to 40,: orw42..45. _An
e i @ml n H Jﬂﬂfo aim 14 wherein the conposition additionally
cCOupfi ses ds 31" cross-1linkin ent. 10 46. *In,a process

of electrocoating an electrically conductYve surface serving as an anode .~
whi ch conprises passing electric_ currernt between said anode and a- cat hodae

in contact Wth adno®RFepeswiofcelactraegalingaa eleckniosily eandudtdve
| nprovenment subfdceC b6FViARdasd Tant BAddeS whikhd compisee! pALSRG et %ngaé}i' tien

01 o car - PEFWSHGSTI SPEdet 20H $reGUIR4e dn coract with-sn apeolsELPERo—t han.
50% by wei gldepoditable @ompbeitdongtheOimfrbveRénts chBdactetiy &R RNAL’ SSid

cont a0, BRI s Bl EolelLbie B o © o
car boxyl - f usctpasibiopcopsisting esseatbalkily 6ffXiqoid Warkbemandi the féadtdent

1.25 equiva%&&i&togfparboxyl groups, when the source of the carboxyl group

is a nmono-pfotic acid, and at |east 2.0 equivalents of carboxyl groups,
when the 20 source of such groups is a diprotic acid, per
equi val ent of 1, 2-epoxy groups in the epoxy resin, said polynmer having a

wei ght- average nol ecul ar wei ght- (determ ned by |light scattering) of about i

10, 000- 180000 and{Ah 8et dlessnblan 50% kyowsbght,2based on the weightan aqueous

sol ution of at |east &f28n)eguhy ABYNtSF @b @J@riéﬁwc&mﬂﬁiﬁ)&r equi val ent of
1, 2-epoxy groups in the oxg resin, said teftiary am ne bel'ng sel ected
fromthe group consi sPPn%P ePAISRRYO gwmaﬁe?s%eﬁe’mﬁraw% ®FB, N net hyl

molecule and having an epoxy equivalent weight of
_ 750-5000; '

15 - (B) a carboxyl-functional polymer in an amount
sufficient to provide at least 1.25 equivalents
of carboxyl groups, when the source of the
carboxyl group is a mono-protic acid, and at least
2.0 equivalents of carboxyl groups, when the

20 source of such groups is a diprofic acid, per
equivalent of 1,2-epoxy groups in the epoxy resin,
said polymer having a weight average molecular
weight (determined by light scattering) of about
1q900-16q900 and an acid number of 100-500;

25 _(E) an aqueous solution of at least 1.25 equivalents
of a tertiary amine per equivalent of 1,2-epoxy
groups in the epoxy resin, said tertiary amine
being selected from the group consisting of.
RiR,RsN, pyridine, N-methylpyrrole, N-methyl

30 piperidine, N-methyl pyrrolidine, N-methyl
morpholine, and mixtures therecf and wherein R1
and Rz are substituted or unsubstituted mono-
valent alkyl groups containing one or two carbon
atoms in the alkyl portion and R3 is a substituted

35 or unsubstituted monovalent alkyl group containing

. 1-4 carbon atoms;
(D) optionally, 10-90% of the amount required for
stoichiometric reaction with the carboxyi-'.
. functional po;fmer of (B) of at least one primary,
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necessary to néQQQallgadthe carboxyl groups to keep the carboxyl - .
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functional polymer water dlsper51ble. ,
47. A process according to claim 46 whereln components

15 (4}, (B) and (C) comprlse 1 to 20% by welght of the coat:.nc
- composition.. :
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