AQUEQUS COVPCSI TI ONS CONTAI NI NG ACETQACETATE FUNCTI ONAL

PCLYMER AND MULTI FUNCTI ONAL AM NE Details of the Invention Area of

I ndustrial Utility This invention concerns aqueous coati ng
conpositions that contain high nolecul ar, wei ght pol yners havi ng
acetoacetate functional groups and aci dit functional groups, and,

mul tifunctional am nes. The pol yners havi ng acet oacetate functi onal
groups known to the prior art had a nolecular weight of about 20, 000.
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been used to improve solvent resistance, and increasing the molecular weight has been
evaluated as well. While these methods do improve solvent resistance, film formir;g properties
and water resistance both deteriorate, and no way has been found to prepare products usiné
these methods that would stand up to practical applications.
Problems To Be Resolved by this Invention

The objective of the present invention is to provide aqueous polymer compositions that
have excellent resistance to solvents, water and alkalis, that provide excellent adhesion
properties, and which are storable and have good film forming properties.
Means Used To Resolve Problems

The present invention provides aqueous coating compositions that include an
acetoacetate functional polymer having acetoacetate functional groups and acid functional
groups, a weight- averaged molecular weight of 100,000 or greater, and multifunctional
amines. This composition may be used to prepare paint compositions having the desired
properties, and the resulting paints will exhibit excellent resistance to solvents, water and
alkalis, as well as tight adhesion. o

What is meant in this invention by using an acetoacetate functional polymer is a vinyl
polymer having pendant acetoacetate groups. For purposes of this speciﬁcation, the term

“pendant” shall mean a side group that “is attached to the main polymer chain, and which



pol ymer havi ng pendant acetoacetate groups. For purposes of this

speci fication, the term "pendant"” shall nean a side group-that

attached to the nmain polyner chain, and which

2 functions in the reaction.” The neaning of "pendant” is not the strict

sense which would exclude the this type of group frombeing joined at the

end of the polyner chain. Accordingly, as described in U S. Patent

4,960, 924, polyners which have the acetoacetate functional group
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preferred method involves the polymerization of monomers that include acetoacetate
functional monomers. For convenience, one preferred monomer, the acetoacetoxy

ethylmethacrylate shown below, will be referred to in this specification as "AAEM."
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CH,=C- COCH,0CCH,CCH;

CHj3

Examples of other monomers that are useful for introducing acetoacetate ﬁmétional
groups include acetoacetoxy ethylacrylate, acetoacetoxy propylmethacrylate, allylacetoacetate,
acetoacetoxy butylmethacrylate, 2,3-di(acetoacetoxy) propyl methacrylate, etc. In general, it
is possible to convert polymerizable hydroxy functional monomers into acetoacetates using
diketone or other suitable acefoacetyl converting agent {For example, see Witzeman, J.S., Dell
Nottingham, w., Dell Rector,.F. J.; "Coating Technology;" Vol. 62, p. 101 (1990) Comparison
of Methods for the Preparation of Acétoacetylated Coating Resins as well as the other
citations in its bibliography].

In most cases the acetoacetate functional polymer used in this invention will be a
copolymer comprised of an acetoacetate functional monomér and other monomer. Examples
of useful co-monortiérs include: olefins such as ethylene, alkyl acrylates and methacrylates

having alkyl groups with 1 to 20 carbon atoms (preferably 1 to 8 carbon atoms), vinyl acetate,



In nost cases the acetoacetate functional polyner used in this invention

will Be a copolyner conprised of an acetoacetate functional nonomer and... ...

ot her nononer. Exanples of useful co-nononers include: olefins such as
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be included per total weight of the polymer. The foregoing amounts of acid should produce
acid values ranging from 0.5 to 70, preferably from 3 to 35.

The preferred monomers having acid functional groups are acrylic aci.d., methacrylic
acid, itaconic acid, etc.

The weight-averaged molecular weight of the acetoacetate functional polymer should
be 100,000 or greater, preferably 200,000 or greater. Should its weight-averaged molecular
weight be less than 100,000, it will not be possible to obtain good solvent, water and alkak
resistance,

Wixile it is possible t6 measure this molecular weight according to any of the various
methods known to the art, the molecular weights mentioned in this specification were
measured by gel permeation chromatography.

In general, the acetoacetate functional polymers used in this invention may be prepared
by using a free radical initiator with appropriate heating; which produces polymers by free
radical initiated polymerization in an aqueous dispersion or as an emulsion polymer. Since the

polymer must have film-forming properties, useful emulsion polymers would generally have to



met hods kpown to the art, the nol ecul ar weights nentioned in this
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conventional amounts, 0.1 to 6% by weight per the total weight of monomers.

Either the heat initiation method or the redox initiation method may be ﬁéed to initiate
polymerization. The conventional free radical type initiators (such as hydrogen peroxide, t-
butylhydroperoxide, ammonium persulfate and/or alkali metal salts) may be used. The typical
amount would range from 0.05 to 3.0% by weight per total weight of monomers. It is further
possible to use the same levels of redox type initiators by using the same initiators in
conjunction with a suitable reductant (such as isoascorbinic acid, sodium hydrogensulfite).

It is pr;aferable to perform the polymerization in the presénce of a buffering agent.
Sodium carbonate, sodium hydrogen carbonate, ammonium carbonate, or ammonium
hydrogen carbonate may be used as buffering agents.

Low levels of mercaptans (for example 0.05 to 6% by weight per total weight of
monomers of n-octyl mercaptan, n-dodecyl mercaptan, mercapto butyl propionate, mercapto
methyl propionate, or mercapto propionic acid) may be used as chain moving agents to

prevent the formation of significant percentages of gels or to control the molecular weight.



conjunctiaon wth a suitable reductant (such as isoascorbinic acid, sodium
hydrogénsul fite). It is preferable to performthe polynerization in
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polymers whenever polymerizable monomers such as acrylic acid or methacrylic acid have

been included (normally at the rate of 50% or more). This type of water soluble polymer can
be used as a dispersion polymer, and preferably, it may be blended with the polyx'n-er having the
pendent acetoacetate functional group. If this type of system is exposed to a free radical flux,
it will form a completely hardened matrix. Blends with alkali soluble resins and latex polymers
produce combinations that have particularly advantageous properties in the area of luster and
rheology, and are suited to painting and printing applications.

In another form of this invention, there are aqueous dispersions of at least two types of
mutually incompatible copolymers that comprise the copolymer particles. It is possible to
have the following configurations for the mutually incompatible polymers, for example,
core/shell particles, core/shell particles in which the outer shell phase does not completely seal
the core, core/shell particles having a plurality of cores per shell, or networks of particles into
which each type has been inserted. In all of the above forms of particles, at least one type of
the particles occupies more than half of the surface area of the particles, and at least one type
occupies the majority of the inner phase. It is possible to measure the two types of mutually

incompatible polymers in the composition using technology that is known to the art,



it wll forma conpletely hardened matrix. Blends wth alkali soluble
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entire pH range, an
acetoacetate is generated according to the following equation, and then it is broken down into

acetone and carbon dioxide:

Equation 3
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CH 3CCH 1 + 602
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—R'0CCH ,CCHy ——> —R'OH+CH,CCH ,COH



acetoacetate is generated according to the follow ng equation, and then it
I s brodken down into acetone and carbon di oxide: Equation 3 [err]
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equi val ent of ammonia or a primary or sedondary amne, for exanple, with
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acet oacetate
equilibrium, readjust the pH to about 9 to account for the consumption of the amines in the

enamine formation. Enamines are stable with respect to hydrolysis. The foregoing enamine
formation reaction is as follows.

Equation 4

‘o o HNR ,
R § RINH, ol
—R'OCCH ,CCH ; —>= — R'0CCH=CCH 5

It is best to use at least an equivalent amount of ammonia or amine per the amount of
acetoacetate in the polymer. The use of primary amines having a steric hinderence, such as t-
butyl amine or aromatic amines such as aniline, is not appropriate since the enamine formation
will not be complete. Since the enamine formation reaction is reversible, when the ammonia
or the amine evaporates from the film upon exposure to the atmosphere, pendant acetoacetate
will be regenerated. However, with a wet composition, so long as it is stored in a manner so
as not to permit the amine/ammonia from evaporating (such as in a tightly sealed container), it
will exhibit very good storage stability. The curing of such films is generally hindered by the
presence of the ammonia or the amine that will evaporate,

Another method for preparing vinyl polymers that have the same sort of pendant
enamine functional group would be to derive them from an appropriate amine and

acetoacetate monomers and employ enamines that were previously formed. In this case, in



will be regenerated. However, with a wet conposition, so long as it is
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Ami nes Niukifyngtienat dmenesonal anines that are enployed in this

ot | onal - gr oufs PURNHHase Anioes il are Spieyed A Emvap et SRR BTt ne
used 1 0 Lhy g} et ian SAAUkg bR ARGk mdlgGReSary to perform the coross
ﬁ’ﬁ% 3 oxy | onéﬁﬂgr

| i nki ng of ¥ acet oace unct ups I1n the polynmer, that is, 0.1

to 1.0 equival effesSaRbint aFchAfGAcRNE dnif€ LNl th@r iavention Bhadle balthy athobnit 0
1.0 equivalents of the am ne functional group should be enpl oyed. Exanpl es

of mul tif unekdserpab pesfoinnee drosslinkiag bEmenettbydetoxy fohctinhal @roups in the polymer,

2- met hyl hept anet hyl ene diram ne, 1, 3-di am nog;nt_ ane, dodecane di am ne,

1, 2- di chl othethisx dnle tali labrieneivaldntst peii aseitoroetptsl Binetionak groups, aprpfeeatly Bdeto 1.0

di am ne, 3-nethyl pi Eer I di ne, .i sophorone di am ne, bi % he a%,t h'i/l,@ne.
triamne, efuslepisafahe ming fingtionalgronp shopld be gmplopied. JExarples Rf gnyltitiactjonal

mul tifunctignal, | nes_ex | es i.ncl,ude dduct.s.such as hyl ene oxi de or
propyl ene WP‘EFE‘“%@ Efgg?'?. ds%?e’ gﬁw@e’p?ﬂpihy{e&gg@m, ?‘éf‘éﬁ“ﬁ‘gﬂen FEp2/ 1
series D, r T i .. The ipf. I f ti

am nes ar e@g&“&ﬁegﬁﬁhgﬁ% ;dg"%ﬂﬁoeh ,e xafe _2{-“3?/“0 ’_ohléi gifﬁglfn%%;é%%‘?’ r aﬁ@n@%n_ue re of
them diamin€PlhdlR AberldiR, i @phorbhe diakRhe) hiS RKRASHYIERD trilMind) SdidBibdecd by

any of the conventional®  nethods, for exanple, brush coating, dipping,

pai nt cast jrfaghines RF Afixti@es 6f the, atofe.2 Additiéral @fultifunctional amines examples include
adducts such as ethylene oxide or propylene oxide amine adducts. For example, the Texaco
"Jefamine" //sp?/ series D, ED, or T may be used.

The preferred multifunctional amines are hexamethylene diamine, l,ﬁ.-cyclohexane
diamine, or a mixture of them. | .

Coatings of the resulting paint composition may be applied by any of the conventional
methods, for example, brush coating, dipping, paint casting, spraying, etc., to a number of
materials such as wood, metal, glass, cloth, leather, paper, plastic, foam, cement, concrete,
stone material, marble, terrazzo, and linoleum.

It is also possible to include other commonly used components in the paint
composition. Examples include pigments, dyes, emulsifiers, surfactants, thickeners, heat
stabilizers, leveling agents, anti-cratering agents, fillers, anti-sedimentation agents, ultra violet
light absorbents, antioxidants, and the like.

The present invention will be explained below based on examples, but these examples

are merely illustrative and do not, in any way, limit the scope of this invention.



materi al s.such as wood, netal, glass, cloth, |eather, paper, plastic, foam
cenent’, concrete, stone material, marble, terrazzo, and |inol eum

It is also possible to include other conmmonly used conponents in the paint
conposition. Exanpl es include pignents, pyes, enul sifiers, surfactants,

t hi ckeners, heat stabilizers, leveling ‘agents, anti-cratering agents,

fillers, anti-sedinentation agents, ultra violet |ight absorbents,

anti oxi dants, and the like. The present invention will be explained
bel ow basegxgpiexanpl es, but these exanples are nmerely illustrative and do
not, in any way, limt the scope of this invention.

9 Exanpl Brepafitiopad dlié Mion Bxtilbroner M xture 13.9 g of

cationic surfactant were dissolved by stirring into 2059. 8 g of dei oni zed
wat er to prepar8-%8sH| wtipne sudaciant pere distolved| tyostirring it ARS8 gnef deigrizpdd
slowy to create an emfl sified rmnorﬁ{ m xture. anomar

Wi ght (g)Water orRIsRaRR4 SAlutQn, Wda‘l}“é“ the following monomers were added slowly to createapy; 7

styrene . . 2555. 6 et hyl

met hacryl a?"éms‘ﬂed mOonomer mixture. 2666. 3 acet oacet oxyet hyl
net hacryl ai@nomer 614.6 net hacryl iyf;ds!

248.6 Pol yrr%?l zation Qperatrons -- Preparation of Emul si on Pol yners

A sol uti orp-gihéiyDadngatd8. 0 g of a cationic surfagiegmt and 5447.1 g of

dei oni zed water was added to an appropriate reaction vessel equipped with
a thernonsstwene cooler, and stirrer, and was hea2®#$.6o 45 - 50[err]C. Then,
successi.ve addition was nmade of a buffer solution (191.6 g of deionized
wat er -and meshy methgerylatouf f eri ng agent), 1930.5 g2&6.3 he above descri bed.
nmononer enul si on, ag t hen Hhe tenperature was a {u ted to 40 - 45[err]C
Then, addi¥FigpcsiRyet %E[B‘éhﬁcﬁ’actﬁi s reaction vessel® aqueous iron (11)

sul fate saql i .2 g of deionized water and 3 gof iron sulfate),
aqueous arW’r%Mc nﬁc(ﬁg‘?sul fate solution (4.8 g of A?D%'&di ssolved in

Polymerization Operations ~ Preparation of the Emulsion Polymers

A solution containing 48.0 g of a cationic surfactant and 5447.1 g of deionized water
was added to an appropriate reaction vessel equipped with a thermometer, cooler, and stirrer,
and was heated to 45 - S0°C. Then, successive addition was made of a buffer solution (191.6
g of deionized water and 33.5 g of a buffering agent), 1930.5 g of the ab.o.ve described.
monomer emulsion, and then the temperature was adjusted to 40 - 45°C. Then, additic.m was
made to this reaction vessel, of aqueous iron (II) sulfate solution (85.2 g of deionized water
and 0.13 g of iron sulfate), aqueous ammonium persulfate solution (4.8 g of APS dissolved in
479 g of deionized water), and aqueous sodium metabisﬁlﬁte solution (7.2 g of sodium
metabisulfite dissolved in 95.8 g of deionized water). Within about 10 minutes, the onset of
polymerization was confirmed by a 10-15°C rise in the temperature and the change in
appearance of the reaction mixture. When the heat generation had ceased, the remainder of
the polymer mixture was gradually added to the reaction vessel along with an aqueous
ammonium persulfate (APS) solution (8.2 g of APS and 9.6 g of ammonia water dissolved in
368.8 g of deionized water) and an aqueous solution of sodium metabisulfite (12.5 g of
sodium metabisulfite dissolved in 368.8 g of deionized water). The interval over which this
addition was made was adjusted so as to prevent the reaction mixture from cooling further (2

to 3 hours). The polymerization reaction temperature was maintained at 59-61°C, with



47.9 g of ,deioni zed water), and aqueous sodi um netabisulfite solution (7.2
g of sodium netabisulfite dissolved in 95.8 g of deionized water). Wthin
about 10 m nutes, the onset of polynerization was confirmed by a
10-15[err]Crise in the tenperature and;fd he change in appearance of the
reaction m xture. \Wien the heat generatl on had ceased, the remai nder of

the polyner m xture was gradually added to the reaction vessel al ong wth
an aqueous amoni um persul fate (APS) solution (8.2 g of APS and 9.6 g of
anmoni a wabelingdirplemented dsrequd@8 18 ngpirddin diss @mxzmﬂumat-’eﬁér the dompletianuebie
solution of sodiumnetabisulfite (12.5 sodi um et abi sul fite di ssol ved
in 368.8 gdditionpeil &hB secaf dgignized WatefI’PYéS ?‘Wgélt‘%/!ile reartipn Wessel Ko FiRtesout AheAUPPlYn was

d dj ust t t th t t | i
Fur  hor ( 290e8 anG E5gRipn VeHBl oLy s 00 Aera ot FONed Erper drtias s
o 252??933% OF BTG 8Ie Vi ded do it BB o B3 T resid, suisifed o,
t he conpl et fid- Qs b H\fér cH8led {d @B tex?]x Petattired opf’un‘ﬁ@!‘ Qﬁit?oﬁ%éﬁ@ﬁéﬁﬁ of¥ehn aagéiﬁg to

t he reactl vesse rrnse out e supply tubes and the reaction vessel.

The react 's&[lne{r?%?eﬂs H&&nt MRig0 01383 poftbbMNekdne distfine HissaveD us 2839l gitofon  of
primary am ne was added to adj ust the pHto 8.5. The resulting emulsified
pol ymer wasiosizédwategool ed to room tenperature, or further addition was made
of an aqueous solution-of 1,6-hexane diam ne (133.2 g of 1, 6-hexane

di ani ne di ssol Fheimotecolgrweighf ofthe Robims was megsfedrupder the following candigansc ul ar

wei ght of the pol yner was neasure e | owm ng conditions:
col um column Shi m%@ﬂ“@%ﬁggﬁﬁ&’? col um tenperature

DT

40[err] C hase o THF flowrate
0.5 m/mn. caum"%’é&%@?‘@r 40°C refractoneter
amount of sanmplgpiid 20 mcregiggters Calibration adjustnents:
St andard pol ystyrene products having nol ecul ar weights of 1.03 x 10[err],
5.14 x 10[err] fiow rate 0.5 ml/min.

detector refractometer

amount of sample input 20 microliters

Calibration adjustments:

Standard polystyrene products having molecular weights of 1.03 x ld‘; 5.14 x 10°,
and1.56 x 10° were dissolved in THF to a concentration of about 5000 ppm. '
Sample preparation:

The polymer emulsion was dissolved in THF to a concentration of about 3000 ppm,
neutralized with dilute sulfuric acid, and passed through a 0.5 micron filter. The resulting
molecular weight was 837,000
Example 2 |

Preparation of the Monomer Mixture

19.0 g of cationic surfactant was dissolved in 2008.0 g of deionized water, and then
gradual addition was made of the following monomers while stirring to prepare an emulsified

monomer mixture.



and 1.56 x 10[err] were dissolved in THF to a concentration of about 5000
ppm Sanpl e preparation: The pol yner enul si on was di ssolved in THF
to a concentration of about 3000 ppm neutralized with dilute sulfuric
acid, and passed through a 0.5 mcron filter. The resulting nolecul ar

wei ght was 837,000 Exanple 2 Preparatitbn of the Monomer M xture

19.0 g of cationic surfactant was dissolved in 2008.0 g of deionized water,
and then gradual addition was nmade of the followi ng nononers while

stirring to prepare an ermul sified nononmer m Xt UkG.:qi Mononer

Wi ght (g)M hylhewr—aerytate Weight (2) 2054. 8
styrene ) 2054.8 2491.5 et hyl

met hacryl a% 8thylhexyl acrylate 2599. 3 acet oacet oxyet hyl
met hacryl af&ene 598.9 nethacryl bgowsi d

242. 4 Pol ymeri zation Qperations -- Preparation of the Enul sion Pol yners

A sol utlonm@mylt;ﬁdtmc@gatél 5 g of a cationic surfa@t?hi and 5407.9 g of

dei oni zed water was added to an appropriate reaction vessel equipped with
a t her nonedceroacatoglethyl methatrdaterrer, and was heaf8%4%to 80-85[err] C. Then,
successive addition was nmade of a buffer sol utlog 5%86 8 g of deionized
wat er and @chWCfﬁ’c@FIda buffering agent), 452.5 ¢ #2fhe above descri bed
nononer emJIS|or1, and then the 2Lenper at Was ad L tgrsto 80-82[err]C.
Then, addiRelymenizationd ; aqueous sol ution of

anmoni um per sul égé)lﬁ&ugrégz‘?x)cauﬁtgéllpsg ocff 4 cctuc rﬁéﬁ}ﬁ’ ﬁﬁ 44879% &f Eeicthized St zed

vvater) W thin m nu he onset of polynerization was confirned

by a 3- 5[ egkd {dbS PRI Mprdptiafe! Rf:tiBA JesBel CHAPHA Wwith 4 HRrridtRG & afuler, Bid diner,

reaction

and was heated to 80-85°C. Then, successive addition was made of a buffer solution (186.8 g
of deionized water and 32.7 g of a buffering agent), 452.5 g of the above described monomer
emulsion, and then the temperature was adjusted to 80-82°C. Then, addition was made to this
reaction vessel, of an aqueous solution of ammonium persulfate (APS) (16.0 g of APS
dissolved in 93.2 g of deionized water), Within about 5 minutes, the onset of polymerization
was confirmed by a 3-5°C temperature rise and a change in the appearance of the reaction
mixture. When the heat generation had stopped, gradual addition was made of-t'he remainder
of the monomer mixture along with an aqueous solution of ammonium persulfate (APS) (8.0 g
of APS and 9.3 g of ammonia water dissolved in 718.7 g of deionized water) over a period of
time to account for the heat lost to cooling (2 - 3 hours). Cooling was implemented as needed
to maintain the reaction temperature at 80-82°C. After the completion of the addition, 159.7 g
of deionized water was used to rinse the supply tubes and the vessel as it was added to the
reaction vessel. Then, the reaction vessel was cooled to 45°C and an aqueous solution of
primary amine was added to adjust the pH to 8.5. The resulting emulsion polymer was either
cooled to room temperature, or further addition was made of an aqueous solution of 1,6-
hexane diamine (129.8 g of 1,6-hexane diamine dissolved in 280.2 g of deionized water).
When the molecular weight was measured under the same conditions as in Example 1,

it was found to be 270,000,



m xture. \Wen the heat generation had stopped, gradual addition was nade of
the remai nder of the nononmer nixture along with an aqueous sol ution of
anmoni um persul fate (APS) (8.0 g of APS and 9.3 g of ammoni a water

di ssolved in 718.7 g of deionized water) over a period of tinme to account
for the heat lost to cooling (2 - 3 houfd). Cooling was inplenented as
needed to maintain the reaction tenperature at 80-82[err]C. After the
conpletion of the addition, 159.7 g of deionized water was used to rinse
t he supply ~Jgessel as it was added to the reaction vessel.
Then, the (r:éa?q?acgﬁg\%‘ts‘s ﬁ/as cooled to 45[err]C and an aqueous sol ution of
primry anp ayﬁﬁ,nqu@amogoa,dj NEktukére pH to 8.5. The resulting emnul sion

pol ymer was erther cooled to roomtenperature, or further addition was
made of an aqueDhes emalsifitd mnnomednﬁxturmwarpeemredrrbmd@qlmg 8190 & off catigniscane
di am ne dissolved in 280.2 g of deionized wate 31

nol ecul ar svefagtant xmqeﬁémf@mwatenéo&@m '2)’0t o sradual @ddjtion ﬂf@RZ‘ﬁﬁ?I"’é"gl,

it was found to be 270, QO00.

12 OonpﬁpﬁﬂmV§“E§%%l¥£'l Preparation of the Monomer M xture The
emul sified DNOMEY mxture was prepared by dj KNg 19.0 g of cationic
sur fact ant bwed by the gradual

addi tion of_ g@@f%ﬁ%rgxyl g nononers Whl I e stzov_;lgng Monormer

Vi ght (9g) -acryl ate 2054. 8
styrene  gyrene 24915 249 1.5 nethyl
met hacryl ate 2599. 3 acet oacet oxyet hyl
net hacryl ajethyl methacrylate  599.9 net hacryl i @5888d
242.4 n-dodecyl nercaptan 159. 7
Pol yrer i zatdetnacelpesethy! metbacrylteepar ati on of t¥8-9Enul si on Pol yrrer s
methacrylic acid 242.4
n-dodecyl mercaptan 159.7

Polymerization Operations — Preparation of the Emulsion Polymers

A solution containing 41.5 g of a cationic surfactant and 5407.9 g of deionized water
was added to an appropriate reaction vessel equipped with a thermometer, cooler, and stirrer,
and was heated to 80-85°C. Then, successive addition was made of a buffer sol;x.tion (1868 g
of deionized water and 32.7 g of a buffering agent), 452.5 g of the above described monomer
emulsion, and then the temperature was adjusted to 80-82°C. Then, addition was made to this
reaction vessel, of an aqueous solution of ammonium persulfate (APS) (16.0 g of APS

 dissolved in 93.2 g of deionized water). Within about S minutes, the onset of polymerization
was confirmed by a 3-5°C temperature rise'and a change in the appearance of the reaction
mixture. When the heat generation had stopped, gradual addition was made of the remainder
of the monomer mixture along with an aqueous solution of ammonium persulfate (APS) (8.0 g
of APS and 9.3 g of ammonia water dissolved in 718.7 g of deionized water) over a period of
time to account for the heat lost to cooling (2 - 3 hours). Cooling was implemented as needed
to maintain the reaction temperature at 80-82°C. After the completion of the addition, 159.7 g
of deionized water was used to rinse the supply tubes and the vessel as it was added to the
reaction vessel. Then, the reaction vessel was cooled to 45°C and an aqueous solution of

primary amine was added to adjust the pH to 8.5. The resulting emulsion polymer was either



A solution containing 41.5 g of a cationic surfactant and 5407.9 g of

dei oni zed water was added to an appropriate reaction vessel equipped with
a thernmoneter, cooler, and stirrer, and was heated to 80-85[err]C Then,
successive addition was made of a bufferygsolution (186.8 g of deionized
water and 32.7 g of a buffering agent), 452.5 g of the above descri bed
nmononmer emnul sion, and then the tenperature was adjusted to 80-82[err]C
Then, addition was made to this reaction vessel, of an aqueous, sol ution of
anmoni um peadled fateon( MRPeraure, o frthér adaBtiongwaswhdicef amagmops solgtongel bt zed

water). Wthin about 5 m nutes, the onset  of ] yeri zatj on, s. confirnmed
by a 3- 5[ ehexaee diampe (bS8 5°h:§'@°’éﬁ?ﬂ d&%«ﬁ@”&ﬁm@rﬁ{ﬁl&p@éﬁﬁﬁeﬁaﬁ he
reaction mxtu \\hen

hae e of 1 heVendie Tl ek TRDERUS iR g AR A R e 1 "

sol ution of i fate (APS) (8.0 g of APS and 9.3 g of ammoni a
wat er di ssglﬁggg%ﬁq%gsgﬁgﬂ’of dei oni zed water) over a period of tine to

account fo : t e30 cooling (2 - 3 hours). Cooling was inplenented
as needed qoybﬁé%‘%a%iﬁgﬁﬁeireacti on tenperature at 80-82[err]C. After the
conpl etion of tige apkdhtidnef Contparatige Eximplei lowezedpeatddebut weith usegiS5.6 g bfise
the supply tubes and the vessel as it was added to the reaction vessel.
Then, the dedecylimercapsmsel was cooled to 45[err] C and an aqueous sol ution of
primary ami ne was added to_ adjust the pHto 8.5 The reg,ul ting g‘r‘yl si Qn

pol yner was eit Waen the molecular weight was measured under the same conditions as’in mplgg,
cooled to roomte e&a#g&gq or further addition was nmade of an aqueous

sol uti on oft was#oundte be ‘ami ne (129.8 g of 1, 6-hexane di anine dissol ved

in 280.2 gx0f, dei opt zed . When t he nol ecul ar wei ght was
measur ed uﬁ&%‘?’aﬁ%ﬂ?ﬁ%‘h\é@gﬁ%w&%s as in Exanple 1, it was found to be
20, 000.  Conpar giijes ﬂﬁi@de{wﬁxth followindSotmfdiaki ons of Conparative Exanple
| were repeat ed?%ut v?n%? usi nlg 5%.°9°3I‘I§f° dodecyl nercapt an. When

t he nol ecuGsind \Gahdbh s_measured under the pa@g®yerfpdtti ons as in Exanple
1, it was found to be 50,000. Evaluation Methods and Results

methyl carbitol 4.46

Orotan //sp?// 731 (25%) 0.97
Triton CF-10 ' 0.24
Fomaster //sp?/f AP 0.17
titanium dioxide 2429
Let Out Components Parts by weight
water 4.67
emulsion 59.02
Texanol 5.61
Acrizol RM-8 (3.5%) . 0.57
Notes:

Orotan 731: a dispersant (made by Rohm and Haas Company)
Triton: a wetting agent (made by Union Carbide)

Texanol: a film forming aid ' )

Acrizol RM-8; a thickener made by Rohm and Haas Company)

The resulting paints were applied to plate gﬁss to a 6 mil film thickness and then dried

at room temperature for 3 days.



Pai nt was prepared with the following formulation G ind Conponents

Parts by weight nethyl carbitol 4. 46

Orotan//sp?// 731 (25% 0.97 Triton CF-10

0.24 Fomaster//sp?// AP 0.17 titanium di oxide
24.29 Let Qut Conponents 14 Parts by wei ght

wat er 4. 67 enul sion

59.02 Texanol 5.61 Acrizol

RM 8( 3. 59 0.57  Notes ; otan 731: a.
di s p((ar sar{% (raddegym Iﬁ@ﬁhﬂ%&l’ﬂ&&"s‘”%ﬁ’ﬁwed by °bs°”ﬁg%6hﬁn é“‘ﬁé‘f‘l‘ﬁaﬂﬁg 3‘5 ent

de by U | £il A |
Rk : o t AN BIERrRE 6poh AT e e B " % Te  ccurting

pai nts wer. ol '-f?td to plate glass to a 6 m| filmthickness and then dried
at roomtéﬁ'}?grgrure for 3 days.

14 The e I5ith 35 RibBEy B6 BRES Witk in WRARI §RkBlelipRs oP¥heeRsastliand tHeh e

filmand evaluating the paint filmsurface for cracking or any dramatic

| owering Qfie Sirfas® condiieRMia8 Fislalytexamined. The filmwas rubbed 20 tinmes with
an et hanol saturated piece of cheese cloth and then the surface condition
was Vi sualXglereXSpot fiestl. Xyl ene Spot Test XyI ene was dripped on the
filmsurface and then wi ped off after 1 mnute, e&,é&ed by l%suerwn t he
surface with tRélengreg deipped on the film spaface ang Ih arcvined eff 38 iagigs tolowed

observing the surface with the naked eye.

The results were as follows
Table 1
Example No. of | Presence or Film forming Ethanol rubbing | Xylene spot test
emulsion used absence of properties test
diamine

Example 1 none good fair-good poor
Example 1 present good good good
Example 2 - none good fair-good poor
Example 2 present good ~ good good
Comp. Ex. | none good poor poor
Comp. Ex. 1 present good poor poor
Comp. Ex. 2 none good poor poor
Comp. Ex. 2 present good poor poor




Table 1 Exanple No. of Presence or Filmform ng Et hanol rubbi ng
Xyl ene spot test enul sion used absence of properties t est

di am ne. Exanple 1 none good fair-good
poor Exanple 1 pr esent 15 good good

good Exanple 2 none good fair-good
poor Exanple 2 pr esent good good

good Conp. Ex. | none good poor

poor Conp . WEClaih pr esent good poor

poor Conp. Ex. 2 none good poor

poor Conp. Ex. Chim 1 Aqueouspecating)tompositions contgjoipg acetoacetate functionabpglymers

Clajm 1 Agueous coating conmpositions

| wistghty rafr 400,000 1pr a8isgien Hnda Yl g eentain
s "o ne
Pl e

ri1s

poor . W Caim
cont ai ni n§itic @t waisht-aveeaged nmeleaay]

| ecul i gh 00..000 d, whi ch
Funct | onaPogPaRe Speo i e tefo Rar LR
ﬁ?af? 131 OfhePG6H

S emurar el s of "t he aceﬁ%%%@ga%égoﬁjﬁzﬁ (j%%egg

nol ecul ar wei g
greater. molecullar weighi oPtite E&ﬁa@ﬂ?ﬁﬁhﬁé&ﬂ@&ﬁﬁ&;@%wég&iép 1 wherein the

mul tifunctional amne is at |east one type o ected fromthe
group conpri seg@laith 3nThd ¢dmpasitib® detbrdingxd CliiMyl Rhéein dhewililtifRindtishal amine is at

1, 2- cycl ohexane di am nes~ Claim 4 The conposition according to Caim
1 wher ei nleasteonedypevefl ammines selextad drdme theegroup tdmprised bH moktifimctional hexamgthylenonal

pol yner's acetoacetate functional group and the nultifunctional am ne
ranges fr gigminennd §,2rcyglohexane diamine.

Claim 4 The composition according to Claim 1 wherein the equivalents ratio between

the acetoacetate multifunctional polymer's acetoacetate functional group and the

multifunctional amine ranges from1:1to1:0.5.

A A



