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A NVETHOD FOR*EXTENDI NG THE OPEN TI ME OF | AN @{E@JS |
COATI NG COVPCSI TI ON ‘This invention yelates to a nmethod for ndi ng j .
the open tine of an aqueous-coating conposition. This inventi ot BPso. .

relrates to the aqueoys e TDQSLLA i r enRj rkabl e after it
has been applied toé%@ﬁ%@%%%%ﬁ ing polyners
such as paints, stains, i ~RIRE A | I-ng increasingly
used because of their safé ?‘%tggg)n%%y g‘é“g‘?@@%@?%ﬁ ~and ease of :
cl ean-up. - Aqueous coat.i ngs such as latex paints, dry quickly conpared to

sol vent coatings such as al kyd paints. Because of the faster drying tine
of aqueous coatings relative to solvent coatings, a second coat can be
applied in a short time, for.exanple, fromabout 3 to about 5 hours.

However, 1igganentin tdisteb 66 h niethbaFoR aktending tRORIUEmRH A @suedibatihg
often not enough-tinme to rebrush over the freshly coated wet surface to

i nprove i t@mppsitivanCEhis intentinpalgo ralidés totiwl aquons coatifgidaenpsdabhwhich
coated wet surface wi thout causing defects such as brush marks, |oss of
gl oss, or deapaihé meorkiabletdfterfit had bebri applieshto agubstrate.’ | ap” as used herein,

refers to an area on a substrate where additional coating is

Aqueous disperéions contéinirtg polymers such as paints, stains, adhesives, and
printing inks are being increasingly used because of their safety, economy, ease of
application, and ease of clean-up. Aqueous coatings such as latex paints, dry
quickly compared to solvent coatings such as alkyd paints. Because of the faster
-drying time of aqueous coa{ings relative to solvent coatings, a second coat can be
applied in a short time, for example, from about 3 to about 5 hdurs. . However,
because of the fast drying nature of aqueous coatings, there is often not enough time
to rebrush over the freshly coated wet surface to improve its appearance or to apply
_additiohai paint onto the freshly coated wet surface without causing defects such as

brush marks, loss of gloss, or lap lines in the final dried coating .

A "lap" as used herein, refers to an area on a substrate where additional coating is

applied onto a portion of a previously coated, but still wet, adjacent substrate area.

~ In the case of paint, it is desirable to seamlessly join up the edges of a wet painted
area with newly added fresh paint without any visible lap showing in the dried
cbating. "Lapping” or “to lap" refers to the ability to do this seamless joining of

edges without léaving a visible "lap"” line.

' As used herein, "open time" or "wet-edge time" refers to the time that a coating

remains workable, after it has been applied to a substrate, to allow for rebrushing or



applied onto a portion of a previously coated, but still wet, adjacent:
. substrate area. In the case of pain@, it is desirable to seam essly join
up the edges of a wet painted area with newy added fresh paint wi t hout
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2 "melting in appl i ed coating at the Rout resuFtlng'

in the ag %Sy app émh&enme@thégarfaee defER{semARPHMs 6. probl emin cases where
other than a flat or dull surface appearance is desired, such as with

sheen and gl oss paints, because a gl ossy appearance nakes t he surface

defects nore visible. During the drying of the aqueous coating, as water
evapor at Barringithe qmiingesf theaaguedes cdahngnnandafensa/aprg'atdi;erlatte& Taoryrm@r
continuous film This process, known as "filmformtion' coal escence",

isirr evpastmjesadefmue anddusel thgether tof foxen grcoatinuous film. Thxs process, known
as "film formatlon or coalescence , is irreversible since the addition of water onto
the dried or drying coating will not redisperse the polymer particles. Once

coalescence occurs, it is impossible to rebrush the aqueous coating and lap into a

previously coated area.

The drying characteristics of aqueous coetings such as dry time, flow and gloss of
the dried coating, are not easily controlled, because they are dependent on how fast
the water in the coatihg evéporates. The drying behavior of aqueous coatings
depends on the temperature, humidity and air velocity at the time of application and
thereafter. For example, eoatings can dry almost instantaneously under hot, dry, or
windy conditions leading to poor lapping characteristics and short open times. In
addition, these conditions tend to also impair the quality of film formation which

can result in cracks, poor flow, low gloss, and poor adhesion to the substrate.

Polymeric compositions dispersed in organic solvents have different drying
characteristics than the aqueous polymeric coatings because solvents or solvent
| blends tend to have a wide raﬁge of boiling points and evaporation rates compared
to water. This range of boiling points can be used to modify the drying
characteristics of the solvent based coating according to the specific application
requirements. For example, alkyd paints are made with hydrocarbon solvents
which are .SeleetEQ:‘go-that the drying rate is sufficient to minimize sagging, running,

and dust pickup, while permitting good "melting in" at the lap.
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poor adhesion to the substrate. Pol ymeri c conpositions dispersed in
organi c solvents have djfferent drying characteristics than the aqueous
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range of boiling points and evaporation rates ‘conpar to water.
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of the solvent based coating according to the specific application
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which are selected so that the drying rate is sufficient to mnimze

saggi ng, IKEERIeshe ARery e i c ddisse ierhaiques nanet disgugsed! ByndLD. n4 nidséwaj
the Iap. “Influence of Ethylene and Propylene Glycols on Drying Characteristics of Latex

Paints,” Journal of Paint Technology, voi. 46, page 40 (1974); D.A. Sullivan, "Water
and Solvent Evaporation from Latex and Latex Paint Films, "Journal of Paint
Technology, vol. 47, page 60 (1975); and C.R.. Martens, M:gmmng& ;v’an
Nostrand Reinhold, page 153 (1981). These references discuss the use of short chain
water-soluble alcohols and glycols as cosolvents in aqueous coatings to aid
coalescence of the latex particles, improve leveling, and prolong open time.
However, these cosolvents negate the intrinsic advantages of aqueous coatings such

as safety, low tack, low odor, and low pollution.

Another approach for increasing the open time of aqueous coatings has been the use
of surface active evaporation suppressants to control water evaporation. US
4,647,610 discloses a method of reducing the evaporation rate of water from aqueous
polynieric cdatings, such as latex coatings, by incorporating low levels of surface-
active, aliphatic compounds having a saturated, unbranched carbon-carbon chain
length of about 16 atoms or greater, and containing one or more hydrophilic groups.
The evaporation suppressants preferably include the long, straight-chain alcohols, -
ether alcohols, and salts of carboxylic acids. These alcohols and salts are believed to
increase the open time of an aqueous coating by reducing the rate of evaporation of

water through the formation of highly compact and dense monolayers at the



3  The disadvant ages of such organic sol vent based coat i ngs include the
difficulties in clean-up, the toxic n.af ure of organic solvents, pollution,
odor, stickiness of the dried paint film such as for exanple, tack, and

the relatively, hi st or.gani c solvents.  The conventional practice
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Latex -Paints," Journal of Paint Technology vol. 46, page 40 (1974); D. A
Sul l'ivan, "Water and Sol vent Evaporation from Latex and Latex Paint Fil ns,
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gl ycol s as cosolvents in aqueous coatings to aid coal escence of the fa ex
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cosol vents negate the intrinsic advantages of aqueous- coatings such “as

safety, | compaid Withiaddwe, glassl tiapsitissl zomé of the polymer, until the hydrophobic
block of the amphiphilic compound is "enmeshed” with the macromolecular chains
of the polymer. The '622 patent discloses the use of these particles and their
dispersions in biological applications but does not disclose or suggest that these

particles could be used to improve the open time of an aqueous coating.

The present invention seeks to overcome the problems associated with the prior art

coating compositions.

According to a first aspect of the present invention there is provided a method of
coating a substrate with an aqueous coating wherein the aqueous coating comprises
a latex polymer with a first reactable group and a modifying compound with a

second reactable group which is complementary to the first reactable group of the

latex polymer.

“According to a second aspect of the present invention there is provided a
composition for extending open time of an aqueous coating comprising a latex
polymer with a first reactable group and a modifying compound with a second

reactable group which is complementary to the first reactable group of the latex

polymer.



Anot her approach for -increasing the open tine of'aqueo'us coatings has been
~the use of surface active evaperation guppressants to control water
evaporation. US 4,647,610 discloses a nethod of reducing the evaporation
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air/water interface. The 610 patent”does not- teach a nethod of increasing

the open tine of an- aqueous coating formed with a nodifying conpound that
is conplenentary to and reacts with the | atex polynmner. US- A-4, 952, 622
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wherein the reactable group of the latex polymer is complementary to the reactable

group of the modifying compound.

Preferably the concentration of the modifying compound is from 0.1 to about 10

percent by weight solids, based on the total weight solids of the latex polymer in

the aqueous coating composition.

- Preferably the modifying compound is an amphiphilic compound further

comprising a hydrophobic portion with at least 4.carbon atoms.

Preferably the amphiphilic compound has a weight average molecular weight less

than about 10,000.

Preferably the complementary reactable groups in the latex polymer and
amphiphilic compound are an ionizable pair selected from the-group consisting of

positively and negatively charged atoms, and acids and bases.

Preferably the complementary reactable groups in the latex polymer and modifying
compound are a covalently bonded pair selected from the group consisting of:

acetoacetate-aldehyde; acetoacetate-amine; amine-aldehyde; amine-anhydride;



of the pol yrfe-r. The ' 622 patent discloses the use of these particles and -
their dispersions in biological applicag ons but does not disclose or
suggest that these particles could be used to inprove the open tinme of an
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of the |atex polyner. According to a second aspect of the present
invention there is provided a conposition for extending open time of an -

aqueous copfdferabipthe later g:_oﬂi%:lnaf esmpiidey FRImM\.5% t3 dblous th‘_’/@%?éﬁPétﬁvgdﬁ%pto
and a nodi fying conpound with a second reactable group which iIs ’
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Preferably the latex polymer is selected from the group consisting of acrylic, styrene

acrylic, styrene butadiene, and vinyl acetate polymeric latexes.

Preferably the latex polymer has an average particle size from about 30 to about 800

nanometers, preferably rom about 90 tc about 500 nanometers.

Preferably the second reactable group of the modifying compound is covalently

bonded to a complementary first reactable covalently bonded group in the latex

polymer.

The advantage of the present invention is that it extends the open time éf a coating.
In particular, it increases the time that an aqﬁeous coating remains workable after it
has been applied to a substrate. The method requires forming an aqueous coating
by combining a selected modifying compound and a latex polymer, and applying
the coating so formed to a substrate. More particularly, the modifying cémpound

and the latex polymer contain complementary reactable groups.

This invention therefore relates to a method of extending the open time of an
aqueous coating containing a latex polymer. The method requires selecting a latex
polymer having a first reactable group and selecting a modifying compound
containing a second reactable group which is complementary to the first reactable

- group in the latex polymer, forming an aqueous coating by combining the



.Acbordi ng to a third aspect of t he present ‘i nvention.there is pr ovi d'ed_ a
-use of a nodifying conpound contai ni ng-a react able group for extending the
open time of an aqueous coating conposition.containing a |atex polyner
having a reactable group wherein the reactable group of the nodifying .
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According to, a fourth aspect of_the, present invention there is provided a
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cont ai ni nﬁorgp%@% al%{ 'einégg%ﬁ‘ctﬁﬁ‘eqp(ﬁnnmpﬁe reactabl e group of the latex
polymer is conplenentary to the reactable group of the nodi fying conpound.
Preferably the concentration of the nodifying conpound is fromO0.1 to about
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_ eous coating conposition. Prefer _
conpound |} guédusietatingddrit&ineReTR eated polyindersuch@EIEb: Ekdlepie, Iutek Paﬁﬁ?.' Che
portion wth at |east” 4 carbon atons. Preferably the anphiphilic conpound

has a wei gpén tives igprovdment cfthisingbitibAds alsbanefllovith Bih&Queoubr ef er abl y
the conpl enentary reactable groups in the |atex pol yner and -
polymeric coating compositions such as for example, paints, stains, varnishes,

adhesives, and inks.

This inventioﬁ requires an aqueous coating coﬁtainin’g a latex polymer and a
selected modifying compound having complementary reactable groups. The
polymers which can be employed in the aqueous coating include, for example,
emulsion polymers, and colloidal dispersions, such as those described by C.R.

Marten, Waterborne Coatings, Van Nostrand Reinhold, pages 41-51 (1981).

The complementary reactable groups in the latex polymer and modifying compound
provide ionic or covalent binding. Complementary ionic binding includes acid-base

interaction_and ion pair binding of negatively and positively charged atoms.

Covalent binding by complementary reactable groups may include: acetoacetate-
aldehyde; acetoacetate-amine; amine-aldehyde; anﬁne-énhydride; amine-isocyanate;
amine-epoxy; aldehyde-hydrazide; acid-epoxy; acid-carbodiimide; acid-chloro
methyl ester; acid- chloro methyl amide; acid-anhydride; acid-aziridine; epoxy-

mercaptan; and isocyanate-alcohol.

The first or second reactable group in each pair may be present in the latex polymer

or in the modifying compound.
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of acrylic, styrene acryl I c, styrene but ad| ene, d vinyl acetaté polyneri c
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about 30 to about 800 nanoneters, preferably rom about 90 to about 500

nanonet ergﬂfon&th?bm&tﬂxmﬂa&eé%ﬂr)dnd@mbl e group of the nodifying
conpound is covalently bonded to a conplenentary first reactable covalently-
bonded group in the |atex
Suitable emulsion polymers useful in the aqueous coatings of this invention may be
made by conventional emulsion polymerization techniques well known in the art. It
is preferred that the latex polymer is an emulsion homopolyiner'or_ copolymer, more
preferably an emulsion polymer formed from a vinyl monomer, such as vinyl

acetate, an acrylic monomer, or a styrenic monomer, such as those typically used in

making water based paints, stains, adhesives, and varnishes.

The preferred latex polymers include homopolymers and copolymers of: (1) vinyl
esters of an aliphatic acid having 1 to 18 carbon atoms,' most preferably vinyl acetate;
(2) acrylic acid esters and methacrylic acid eﬁters of an alcohol having 1 to 18 carbon
atoms, most preferably methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethylhexyl
acrylate, methyl methacrylate, ethyl methacrylate and butyl methacrylate; and (3)
mono- and di-ethylenically unsaturated hydrocarbéns, such as ethylene,

iosobutylene, styrene, and aliphatic dienes, such as butadiene, isoprene, and

chioroprene.

The vinyl esters include poly(vinyi acetate) and copolymers of vinyl acetate with
one or more of the following monomers: vinyl chloride, vinylidene chloride, styrene,
vinyltoluene, acrylonitrile, methacrylonitrile, one or two of the acrylic and
methacrylic acid esters mentioned. Similarly copolymers of one or more of the

acrylic or methacrylic acid esters mentioned above with one or more of the following



pol ymer. - The advantage of the present invention is that it extends the
open tinme of a coating. In particular,git increases the tinme that an
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time inprovenent  of this invention is also useful with other agueous
above mentioned esters of acrylic acid or methacrylic acid. In a preferred
embodiment of this invention, a small amount, such as from 0.5 to 5.0 weight % or
more, preferably about 1.0 weight %, of an acid monomer is included in the
monomer mixture used for making the copolymers. Acids used include acrylic,

methacrylic, itaconic, aconitic, citraconic, crotonic, maleic, fumaric, the dimer of

acrylic acid, and so on.

The latex polymer can also be a sequential emulsion polymer, such as for example, a
core/shell polvmer with the reactable group located on the shell or the relatively -

more hydrophilic portion of the polymer.:

Most preferably, the latex polymer is an anionically stabilized emulsion polymer
with a negative surface potential of -10 millivolts and higher (higher as used herein
means more negatively charged, such as for example, -20 millivolts), as determined -

by zeta potential measurements.

The average "particle size "or diameter of the emulsion polymer may be from about
30 to about 800 nanometers, more preferably from about 90 to about 500 nanometers,
‘and most preferably about 200 nanometers. The “particle size", as used herein, is the
weight average diameter expressed in nanometers, can be determined by electron

microscopy. In general, the molecular weights of these emulsion polymers are
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be present in fhe | at ex IEL) iyrrer or in the nodifying conpound.
reactable group in the latex polymer . In addition, the modifying compound may
contain more than one complementary reactable group. By "complementary”, we
mean that the modifying compound and the latex polymer become chemically

bound by the reactive interaction of the respective reactable groups.

A preferred modifying compound is an amphiphilic compound having idnizablé or
acid-base reactable groups. Useful amphiphilic compounds havle both hydrophobic
and hydrophilic groups. The hydrophobic portion of the amphiphilic compound
must contain at least 4 carbon ato_ms, and can be branched, straight chain, aromatic,
saturateci or unsaturated. The hydrophilic portion of the amphiphilic compound is
water soluble and may include polyoxyethylene, polyoxypropylene,
polyacrylamide, or polyvinyl alcohol. The weight average molecular weight, My,

of the amphiphilic compound is less than about 10,000.

Useful amphiphilic compounds may include Quaternary ammonium salts, such as
for example, quaternary salt of Ethomeen® 0/25 supplied by Akzo Chemicals Inc.
This salt is a quaternary polyethoxylated ammonium salt with the formula
C18H35(CH3)N(CHgCHzO)xH(CHZCHZO));-I(I) where x+y=15and a mogjecular
weight of about 942. The quaternary salt contains a positively charged nitrogen
group which can form a complementary pair with a latex polymer containing an

anionic group, such as for example, a carboxylate group.
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group. In addition, ‘the | atex pol ymer]rtray contain nore than one reactable
group. More preferably, the | atex p yrrer is an emJIS|on pol yrer W|th a

T acont o TeoB BRI sitepRA Sy UsbBnaneistass Bparb R che FoRmareCEE

2ot 4 '<§W%C;l\ﬁ’ﬂgﬁ<§§é£ﬁ§3§>ﬂ$ﬁ £ oo fRIATale amich w@ﬁﬁ%ﬁ??”ﬁﬁ%&@?ﬁu&t .
(SEM and s dic ¢ Ide enul si on polymers useful in the aqueous
coatings aG’FO]HP | nvell?t 1-on may be made by conventional emulsion

I f dth
ot ox pol iEgTert €8 MR BHAMINEl ontSMY 18\a"ieFi . pobyeth xR pirifie wifh he
enul si on @Hmm@cl@mgm(dmmookmtmggm %W%P@aﬁd@bol@&ﬂ‘é?tv@mgﬁp

acrylic nonomer, or a styreni ¢ mononmer s those typically used

maki ng \g?fedbdmsag (Bthdheen®!t 18/05 supgnealbsemcza@héfﬁfcai Fga%ﬂe base |

preferr | at ex pol ymers incl ude hoifropol yners and copol yners 0

esters ofjsdhe sédopltbteactabie groay wtdcH is @mBired AN rédlcBwithS fatd) %ﬁﬁaﬁ?hﬁ
vinyl acetate; (2) acrylic acid esters and nethacrylic acid esters o n

al cohol m—vacngaSthe fir8t reactable gatugs, nost preferably methyl acryl ate,
ethyl acrylate, butyl acrylate, 2-ethyl hexyl acrylate, nethyl methacrylate,
et hyl nmethacrylate and butyl nethacryl ate; and (3)

A preferred covalently bonded pair of complementary reactable groups is a
- JEFFAMINE ® ED-600 (supplied by the Texaco Chemical Company) modifying
compound reacted with an acetoacetate containing latex. (see Example 13).
JEFFAMINE® ED-600 is a polyether diamine based on a predorriinately
polyethylene oxide backbone. The amine (JEFFAMINE® ED-600) is the second
reactable group which is reacted with a latex containing acetoacetate as the first

reactable group.

There are several ways to combine the latex polymer and selected modifying
compound in the aqueous coating. An aqueous coating can be formulated with the
latex polymer, and then the modifying compound can be added as an additive to the
aqueous coating. It is preferred that the modifying compound is first combined with
the latex polymer, stirred until blended with the latex polymer, such as for example,
on the order of at least 10 minutes. After stirring, the latex polymer and modifying

compound may be left to equilibrate, such as for example, overnight.

Then an aqueous coating is formulated with the mixture of the modifying

compound and the latex.



nono- and di-ethylenically unsaturated hydrocarbons, sdeh-as cm
i osobutyl ene, styrene, and -aliphatic dienes, such as HTH ISP e 'K%?S @re,
and chloroprene. . The vinyl ester's' i'ncl ude pol y(vi nyl aceﬂEﬁ‘LAﬁEde

one or. nore of the rolt©owW ng nononers:

cepol ymers_of vinyl acetate
R R SYMRIE TS S PE hepesond: repctablagroupat: e fo he
ment | onediatex eranes SR IR ot ‘“m’ 5P Ah6rE 18meks Ak Yalest gpased’on the
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styrene, m cepaivalaits of one  or nore of these hydrocarbons with one or

nore esters, nitriles or amdes of acrylic acid or of nethacrylic acid or
with vinyl esters, such as vinyl acetate and vinyl chloride, or with

vi nyl i dene chl ori de are %Iso used. The diene polyners are general |y used -
in wat er AdexpnseniFationpiithe m@qi#mg eyppPryndris the tfinal mgueouswoetings froen s

fol |l ow ng ren V|nltol lonitrjle, methacrylonitrile, and the
above mentoﬂo%b ég%}’ew 1 gése%c‘i" the tofal waight solidsafthe latex polypmer imd

the aqueous coating, preferably is from 2 to 10% weight solids, and most preferably

AR

is from 4 to 8% weight solids.

In general, 4.5 litres (a gallon) of emulsion paint contains from about 0.22 - 1.36 kg
(0.5 to 3 pounds) of latex polymer solids and from about 0.09 - 2.26 kg (0.2 to about 5
pounds) of finelv-divided pigment. Typical pigments are titanium dioxide and
other titanium pigments, white lead, zinc oxide, zinc sulfide, barium sulfate, calcium
carbonate, lithopone, silica, talc, mica, clays, iron oxide, carbon black, cadmium
sulfide, toluidene red, chrome orange, chrome vellow, chrome green, and others
known in the art. Other synthetic pigments may also be included such as for
example, ROPAQUE® opaque polymer. Sometimes driers are added, such as for
example, cobalt and manganese, to coatings that contain unsaturated polymers
which cure by oxidation. Minor amounts of other coatings additives may also be
included in the paint formulétions, such as for example, defoamers, anti-foams,

coalescents, surfactants, dispersants, mildewcides, thickeners, wetting agents,

biocides, and the like.

The open time of the aqueous coating may be measured by brush applying the
coating to a substrate and determining the time when additional fresh paint does not
melt in or blend well visually with a previously applied, wet coated substrate. By

this, we mean that the test can be done by overlapping a second coat over a first coat

This Sheet Has Been Replaced
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embodi ment of this invention, a small anount, such as from0.5 to 5.0
wei ght- % or nore, preferably about 1.]® weight % of an acid nmononer is
included in the monomer mxture used for making the copolyners. Acids used

| ud |
ml el ¢, Fuffreecnir e Rkl fed, E%%?ﬁ%‘f%fca? U ERpIE gl SN GerSiRe

can al so_he. t h
cor ef sheFExsia Et (herPithe) BBIRR! WHBEN IR, FEPBPLSh Barks are

yner WI e reactabl e group | ocated On the shell or the

relatively, ticCRiIf dibeeFeantihlthe oﬂ@ﬂth@dC&frei Rempakadres the fildroal! aftRs @BH ¥an t he
| at ex pof‘yrrer an anionically stabilized emulsion polyner with a negative

- surface pRLasE ehe bl palfting lal secohdl oatpatilizghes aﬁdﬁlogbﬁth&iﬁrﬂiiedtwmmumans
nore negatively charged, such as for exanple, -20 mllivolts),

det er i nﬁ@erws,zmchdptmeumrg theemewinonentisne (openetnae)aaa‘g@d’p&ret sacbedaﬁoaé
"or dianmeter of the emul sion fpoI ymer may be from about 30 to about 800
nanomet e paint dogs Bpbskevydefeeim 1att@@rd@@>d coating incloding breshemarks, 1as ofrost

preferably about 200, nanonet er The !particl z as used herein
the wei g]mSSa\ﬂéldag’éf GF%\@@E%?S% ge%@@eﬁxmmgréﬁnefﬁbagotf\%m@ sene e thod, by

el ectron mcragsc ener a noj] ecuyl a ht.s t hese | si on
pol ymer s capsses in shape ofg ?( are et ed intoa Lfres[‘dy coac{ed su stra e, ande Hen a

second coat of paint is brushed over and perpendicular to a cross etched in the first
coat at 3 minute intervals (e.g See Example 9). The open time for this test is defined

as the maximum time at which the etched crosses are not visible.

The following examples illustrate the method of improving the 6pen time of an

aqueous coating, to which this invention is directed.
EXAMPLE 1- Prepafanon of Latex/Modifiying Compound Blend:Sample 1

26.45 grams of a modifying compound (Ethomeen® 18/25 at 33% by weight solids)
was added to 519.65 grams of an aqueous emulsion (41.4 % by weight solids)
containing a 49% 2-Ethyl-hexyl acrylate(EHA)/23% Styrene (St)/27%
Acrylonitrile(AN)/1.0% Methacrylic'acid (MAA) latex The methacrylic acid was
the first reactable group and the amine (Ethomeen® 18/25) was the second reactable
group. At room tempefature, the mixture was stirred for 10 minutes and

equilibrated overnight to allow the first reactable group and second reactable group

to react.

EXAMPLE 2-Preparation of the Aqueous Coating with Sample 1.



10 typically from about 100, 000 to 5 nill i on wei ght "average and' nost .
commonl y above 500, 000. The. nodi fyif conpound nust contain at |east one
wat er sol ubl e group which includes, for exanple, polyoxyethylene, _ '

pol yvi nyl al cohol, polyacrylam de, poly N- vinyl pyrrolidone, or a natural
pol ymer ~ sudclcoatradt BREW. Waseiagk it iangtadsiasdupint n%SF‘“&PE}BnC%tS Py V%‘égo‘hd

| of ox pol ghaE Ay et R AR LR rimiliinn paRRSY inaih darBatfiine
o {yi ng coamstnih e B WS oo SRRt Wk sttt TR RN bR e

reactive i.nter d'épn of the respective reactable groups. - A preferred
modi fyi ng fE’E}HB‘g{ﬁn i s an anphi philic conpound having ionizable or

aci-d- base .reaci: e groups. Useful anphip @P‘&Iﬁg 8awme both

hydr ophobi@%ydr ophilic groups. The Ry rop W of the

anphi philic conpound nust contain at |east 4 carbon atons, and .can be
branched, straight chain, aromatic, saturated or unsaturated. The _
hydrophi lic portion of the anphiphilic conpound is wat @airstajonthieimgnd nmay
i ncl ude pol yoxyet hyl ene, pol yoxypropyl ene, pol yacryl am de, or pol yvinyl

al cohol . The wei ght average nol ecul ar weigintzolMaint of t$amphphi philic
conmpound is | ess than about 10, 000. :

Dissolver |

Propylene Glycol - 70 70
Dispersant 35 35
Defoamer | 42 42
‘Biocide 1.7 1.7
Neutralizing Base 0.8 ' 0.8

. Polyurethane Thickener 294 29.4
Rutile Titanium Dioxide 250.0 250.0
Water 389 : 15.6
Latex 547.8 v
Sample 1 Latex Blend -— 545.7
Coalescent 22.7 227
Defoamer 2.5 2.5
Neutralizing Base ‘ 14 06
Polyurethane Thickener 38.0 56.7

Pigment Volume Concentration=22.68%
Volume Solids=33.07%



Useful anphiphilic conmpounds may i nclude quaternary ammoni um salts, such as .
for exanple, quaternary salt of Ethonegg 0/25 supplied by Akzo Chem cal s '
Inc. This salt is a quaternary polyethoxylated anmonium salt with the

formula Cerrl B 1 errl).n errCH err.OXH( err,]CH err [err](-ll)_
where x+y :ﬁ)frAw aérmq;eg%g{eélﬁ R %fmgg%{h%‘%‘(‘%é‘tﬂhﬁlé%ﬂl’ sal t
contains a positively charged nitrogen group which can forma _ -
conplenmentary pair with a |atex pol yner containing an anionic group, such

as for ex tirde GRAS Pored k .  chbhb | - Laion
Car bi de. Cotpam e Wit f%%%gqﬁgms The rﬁg&‘%r}ﬁa?ﬁ %@[@#%ﬁgﬁ%ﬁdﬁ s
a pol yet hoxyhalet voeterothhéeparatel phetifiesd bael hatdWitl GRiHalCof té@d?

preferred %én%ﬁi philic conpo?r?é i s?a tertiary poﬁt/et hoxyl at edoagn'réﬁg W ?Feetrhe

formul a O grgrd Hi2Hr $pleading rR4tel] bendt®) QhifrEHiueing eHhanurhDspasad Fatex +XE Rdand
a nol ecutar weight of about 929 (Ethonmeen 18/ 25 supplied by Akzo Chem cal
Inc.). Thepgniteeintasealsj satseeosdomad ofeeadtabist printiwahbehshed tangthnease,sind
reacted with a latex containing an acid as the first reactable group. A
preferred sepahterferionsfoem gminpainted artacoftechart isde thé fiestgoatipsoverlap at

least half of the first ¢oat. The paints were dried at 21°C (700F) and 50% relative
humidity for 24 hours.

The open timé was defined as the maximum time'_at which the second coat of paint
blended in well with the first coat at the overlap. By this, we mean that this
maximum time (open time) was established as the last three minute interval before
which flow, leveling, and brushmarks of the overlapped area were noticeably

different than the first coat.

The results of the open time test for the control paint and the paint containing

Sample 1 are shown in Table 1:

TABLE 1- OPEN TIME RESULTS

Control Paint Paint containing
Sample 1
Open time (minutes) 3 12

The control paint had an open time of 3 minutes and noticeable differences in flow,

levelixig, and brush marks in the overlapped area compared to the first coat at 6

minutes and longer.



JEFFAM NE = ED- 600 (suppli-ed by the Texaco Chenical Conpany) nodifying

- conpound reacted.with an acetoacetate Gt aining latex. (see Exanple 13).
- JEFFAM NE ED-600 is a polyether diamnine based on a predoni nat el y

pel yet hyl ene oxi de backbone. The anine (JEFFAM NE ED- 600) is the second
react abl e group V\:hl ch Is reacted with a | atex contai-ning acetoacetate as

pol ymer  andedraiBadk i seple éﬁﬁ%@%ﬁét%&@a@%&a&%@%&ﬁ%ﬁgﬁ&m |
.Eﬁﬁébﬂﬁdciﬁﬁgeﬂ 8@?&&””‘%%%5#%53%?9#%% e, sefenten 0w fevaling, A
Dot ymer s PR EURKTER oY SRR Bisel Cortphiia P Bk AP ek a3 i hiEh g

on the ordet .o at |east 10 minutes. After stirring, the | at ex pol ymer and
nodi fyi ng corfpound may be left to equilibrate, such as for exanple,

over ni ght. Then an aqueous coating is fornmul at ed with the m xture of the
nodi fyi ng conpound and the | atex.
-12-

EXAMPLE 4- Preparation of Latex/ Modifying Compound Blénd: Sample 2

Preparation of the Quatema%y Salt of Ethomeen® 0/25

To 102 grams of Ethomeen® 0/25 was added 29.3 grams of methyl iodide. The

mixture was stirred and heated to 80°C for 6 hours. The resulting product was the

quaternary salt of Ethomeen® 0/25 .

48.56 grams of a modifying compound (quaternary salt of Ethomeen® 0/25 at
19.35% by weight solids) was added to 469.74 grams of an aqueous emulsion (50.0%
by weight solids) containing a 46% Butyl acrylate (BA)/53% Methyl methacrylate
(MMA)/1.0% Methacrylic acid (MAA) latex.

At room temperature, the mixture was stirred for 10 minutes and equilibrated

overnight to allow the first reactable group and second reactable group to react.

EXAMPLE 5-Preparation of the Aqueous Coating with Sample 2

A control paint was made in the paint formulation as shown with a
46%BA/53%MMA /1.0%MAA emulsion polymer without a modifying
compound (50.0% by weight solids).



The nodi fyi ng conpound cont éi ni hg the second reactable group is pref er ably

. added to the latex polynmer at the l'evelqyef fromO0.01 to about 10 nol ar '
equi val ent, based on the nolar equival ent of the first reactable group in
the latex polyner. Mre pref.erably, the nodifying conpound is added to the
| at ex pol yiSampie % e Pe‘(PE‘I‘“S IntgRsame EPMB§%W§'¢ thpiexcepsien of theddition

~concentratiaon of, t di fving, conpound in the final aqueous coating is
pref er abl yqfrcsﬁ?‘é.agat‘ggi‘ﬁeigﬁfﬁ%ﬁéﬁ’gﬁ? ﬁ%%??’&!‘, based on the total weight

solids of the | pol ymer in the aqueo more preferably is from
2 to 10%\,\&151‘-‘&‘3%%% ds, and nost preferMM’mi ght sol i ds.
In general, 4.5 litres (a gallon) of emulsion paint contains from about
0.22 - 1.36 kg (0.5 to 3 pounds) of |atex polyner solids and from about
0.09 - 2.26 kg (0.2 to about 5 pounds) of finely-di phgadqpk . Typical
pignments are titani umdioxide and other titanium pignments, It |ead,  zinc
oxide, zinc sulfide, bariumsulfate, cal ciQoneaPaggat e,salrﬁlgla%ooné, silica,
talc, mca, clays, iron oxide, carbon black, cadm um sul fi'de, toluidene
red, chrone orange, chrome yellow, chronme green, and .others known in the
art. O her synthetic pignents may al so be included such as for exanple,
R@A@E[errM@_ﬁaﬁQﬂlﬁ&Mﬁ[ Sonetimes driers are added, such as for

exanpl e, cobalt and_nanganese, to coatings that contain unsaturated

pol ymer s whPrdpydenaeGhgcobxi dati on. M nor anount2 of ot her coatZ2ngs
additives may al so be included in the paint fornulations, such as for
exanpl e, dePuPeEsat anti-foans, coal escents, S8 act ants, di sl@e?sants,
m | dewci des Ehi ckeners, wetting agents, bi ociéglf:s, and the i The

ke.
open time OPe REqueous coating may be measur by brush appI]y‘i?ng t he

Rutile Titanium Dioxide 267.6 267.6
Water _ 5.0 : 5.0 |
Water | 168.9 . 621
Latex ' 489.1 —
Sample 2 Latex Blend — 518.3
Coalescent -~ - . 24.5 : ' 244
Aqueous Cobalt Drier - | 4.9
Aqueous Manganese Drier - 49
Defoamer 1.0 1.0
Polyurethane Thickener 25.6 98.2

Pigment Volume Concentration=23.65%
Volume Solids=33.95%

EXAMPLE 6-Measurement of Open' Time for the Paint Containing Sample 2



coating to a substrate and deternining the time when additional fresh paint
does not nelt in or blend well vi su‘ahl with a previously applied, wet
coated substrate.. By this, we nmean t g%/ the test can be done by
over |l apping a second coat o\ sfg first_coat

(

e e e,
:)Egspl in;: ﬁ@;‘g?e _?fstlipé‘ggs?gﬂ‘% Ijs)gp‘%vﬁ?e Pﬁ% : szﬁh ;@Q"@gﬁﬁg‘? rate;
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show def ee{“rgnji1 E?'? (ﬁfemg? |c§g£%%gﬁun%® %@fiucﬂﬁ"g‘?gr g%h ﬁaﬁ}‘l s%?hfﬁtf @8&? I& &

and surfa \JFhd Pathts GPered@idd at 81°C I(m@yom@rss%%laﬁv pen
crosses in shape of an X are etched into'a freshly coateg trat

and then n&emldiefﬁ&!d a$ themuximunimbed whkh hackepShaddt of Enttci’idan
. cross etched in the first coat at 3 mnute intervals (e.g See Exarrp e t)

The open thow defectslingheeiried soatixg ireduding brusheotianksnloss et ?lbsmr@sﬁﬂﬁce |
~etched crosses are not visible. The foll ow ng exanples il trate the

net hod of dammgevi By &mréaczgoéantaugnew mean thatethesdriedtdoatingt wan:fdeslfrotyhdsm
i nvention is dlrected :

ripped.

The results of the open time test for the control paint and the paint containing

Sample 1 are shown in Table' 2.

TABLE 2- OPEN TIME RESULTS

' Control Paint - Paint containing
Sample 2
Open time (minutes) <5 15

The control paint had an open time of less than 5 minutes and had defects in the
dried second coat at 5 minutes and longer. The paint made with Sample 2
(BA/MMA /MAA latex blended with the quaternary salt of Ethomeen® 0/25) had

- anopen time of 15 minutes and had defects in the dried second coat at 20 minutes

and longer.

EXAMPLE 7-Preparation of Latex/Modifying Compound Blend: Sample 3



'_ .EXAMPLE 1- Preparation of Latex/Mdiflying Conpound Bl end: Sanpl e 1
26.45 grans of a nodifying conpound @i honeen 18/25 at 33% by wei ght
soI ids) was added to 519 65 granms of an aqueous enul sion (41.4 % by *

h i ds) a 49% 2 | - hex HA /2 %
(& b el ol Tl bl oLl
151 20y wasrRdedd %36%%0 et 8%?3 och 8354 BRSO LR
was stirr %g /°o€p 14 mg BA58% Metithi tbHari e teONEMA P O%ONﬁ'tﬂléhi\Eh@Scxﬁ' r St

react abl & econd react abl € group to react.

2- Pr epar gM 208) Ritex hAtAmpomuen(peatturg, hé mikammel was. stirred for 10 -minutes and
14 A control paint was nade in a standard paint formulation as shown with
a 49%%&3&&&%@&%@@3 first rpattgblergrauphand secomddiehytiabte group
conpound (41.4% by wei ght solids). Sanple 1 was evaluated in the sane paint
f or mul at k@ peact. Amount (parts by wei ght)

Pai nt cont ai ni n% ) ' E . .
EXAMPLE 8-Preparation of the Aqueous Coating with Sample 3.

A control paint was made in the paint formulation as shown with a
46%BA /53%MMA /1.0%MAA emulsion polymer without a modifying compound

(46% by weight solids). Sample 3 was formulated in the same formulation.



Control Paint  Sanple 1 "Mx in Cows Dissol ver Propyl-e_né_ a ycol
_ _ 35

Pigment Volume Concentration=22.68%

Volume Solids=33.07%

70 _ . 70 Di spersant. . 20 o
35 Defoaner _ N 4.2 42 Bi oci de
é; Pol yure.tlﬂﬁﬁﬁ?gjéﬂ'?rcsgﬁ'te;al.l 2ing Base ﬁm&m:Mbﬂ 29 4 Rutile
Ti tani um Di oxi de : . 250.0 ' 250.0 Wat er
3879 15.6 Latex - o N 547 8
-- Sampl e 1 Latex Blend : -- Pamtc "
Coal escent 22.7 | 23 a:ymngef oaner
g g Pol yur et hane %h?ckgﬁgﬁral 2ing Base Cpx:}tgf)lol’amt Sample §6 7 - P grent
Vol unme Concentration=22. 68% Vol une Sol i ds:33. 07% '

Propylene Glycol 20.3 20.3

Dispersant 35 35

Defoamer 42 4.2

Biocide 1.7 17

Methyl Carbitol 16.8 16.l8

Neutralizing Base 0.8 0.8

Polyurethane Thickener 294 294

Rutile Titanium Dioxide 250 250

Water 110.8 121.5

Latex 519.6 -

Sample 3 Latex Blend — 536.4

Coalescent 174 194

Defoamer 2.6 2.6

Neutralizing Base 25 —

Polyurethane Thickener 394 53.5

EXAMPLE 9-Measurement of Open Time for the Paint Containing Sample 3



EXAMPLE 3- Measurenent of Open Tine for the Paint Containing Sanplel. open
ti-me was neasured as follows. The cont4¢l paint and the paint containing
Sanple 1 were both separately brushed out 1 -engthw se on half of a coated
paper chart (12H Spreadi ng Rate neta_Chart) using a naturagl spread rate.
At three npemtiEng Wagmeasiredas s.cEath of theseontrelpaink ard RaiBt eentanung

gnatin e 1 SERAARR ASYNRRR ARAR SRR 58, SR R0
open 11 e vias babrheL guE EaghwiRe of dppftaliatay, TR @ toliil Bt e ot A
b ended | 1 L] el " i the Shabe B o ARl s YRR il

interval bef ﬁg@ﬂﬁ BBttBhPWsiﬂ%%ﬂ At daprbslbrs ATRRkS ﬂﬂ‘mﬁ%&%@éfﬁfﬁhs{a‘%gé’egggﬁea

wer e not i cé9 fferent ti the first coat. The results o
time test f(g{t etk eestPlinbwiag brasited BeepahﬂElpéipéﬁ&icmd}Qo 281585 Rtched % the
shown in Table 1: TABLE 1- OPEN TI ME RESULTS

Control Pai;ply coat. THel dipert tiicivtisn@efined as the maximum time at which the etched
rosses were not visible. By this we mean that this maximum time (open time) is the

ast three minute interval before which the etched cross was visible in the dried paint

Flm.

The results of the open time test for the control paint and the paint containing

Sample 3 are shown in Table 3.

TABLE 3-OPEN TIME RESULTS
Control Paint Paint Containing
Sample 3
Open Time (minutes) 3 9

The control paint had an open time of 3 minutes and the crosses were visible in
dried coating at 6 minutes and longer. The paint made with Sample 3 had an open
time of 9 minutes and the etched crosses were visible in the dried coating at 12

minutes and longer.



Sanple 1 Open time (minutes) 3 12 The control
pai nt had an open tine of 3 nmipptes and noticeable differences in flow,

I eveling, and brush marks in the overlapped area conpared to the first coat

atx Lhutes_and | onger s - 16
DB RAMEEEE B RcRariol S redMadiine Sumpaped Mlendi SRS b reen 1

an open time of 12 minutes and noticeable differences in flow,
and brush marks in the overl apped area conpared to the first coat at 15

m
Bl

8/ 25)
| evel i ng,

The
~had

I Ao aration of Latex/Mdi.fying Conpound
Pt]ég:ﬁr%é%?r%f é&l%é?@ﬁé terminated POiybinyf AldHioR!

e _ reparation”of “the Quaternary Salt of Ethoneen 0/25

To 600 grams of a 20% by weight solution of polyvinyl alcohol in.water (Airvol® 203
supplied by Air Products), was added 16.0 grams of sodium periodate. The
mixture was stirred at room temperature for 3 hours to form an aldehyde-

terminated (second reactable group) polyvinyl alcohol.
Combination of Aldehyde-terminated Polyvinyl Alcohol with BA/MMA/AAEM/MAA latex

115 grams of a 20% by weight solution of aldehyde-terminated polyvinyl alcohol
was added to 400 grams of an aqueous emulsion (45.8% by weight solids) containing
a 39% Butyl acrylate (BA)/50% Methyl methacrylate (MMA)/9% Acetoacetoxy ethyl
methacrylate (AAEM)/ 2%-Methacry1ic acid (MAA) latex. The AAEM was the first
reactable group. The mixture was stirred at room temperature for 6 hours to allow

the complementary aldehyde and acetoacetate groups to react.
EXAMPLE 11-Preparation of the Aqueous Coating with Sample 4.

A control paint was made in the paint formulation as shown with a

39%BA/50%MMA /9%AAEM/2.0%MAA emulsion polymer without a modifying

compound (46.2% by weight solids). Sample 4 was formulated in the same

formulation.



To 102 grans of Ethoneen 0/25 was added 29.3 grans of methyl iodide. The

m xture was.stirred and heated t®»380[err]C for 6 hours. The resulting '
product was the quaternary salt of Ethoneen 0/25. = 48.56 grams of a

noeivf, 4 npound (quaternary salt,g : 2512 19. 35% by wei ght
sol i was added to 469.74 granms O 1 Ston- (50.0% by wei ght
solids) containing a 46% Butyl acryl ate (BA) Pag¥edMekinind®et hacryl ate '
(MWR)/1.0% Met hacrylic acid (MAA) | at ex. At roomtenpetature, the m xture
was stirred for 10 m nutes and eunbh&bapaﬁ\toversargpk4to allow the first
react abl e group and second reactable group to react. - EXAMPLE

5- Preparation of the Agueous Coating wth Sample 2 A control paint was
made in the paint formulation as shown with a- 46%BA/ 53%WA 1. 0%VAA

enul ut a nodifying conpound (50.0% by wei ght solids).
tlze P;ggglh%i/\ﬁ:s& eval uated in the ggrre..for mul ati790n with the exception of

Dispersant 35 35

Defoamer 4.2 42

Biocide 1.7 1.7

Neutralizing Base 0.8 0.8

Polyurethane Thickener 29.4 29.4

Rutile Titanium Dioxide 250.0 250.0

Water 87.0 34.4

Latex 525.6 —

Sample 4 Latex Blend — 598.4

Coalescent 17.0 17.6

Defoamer 25 25

Neutralizing Base m——— 1.7

Polyurethane Thickener 33.0 19.7

Pigment Volume Concentration=22.68%

Volume Solids=33.07%

EXAMPLE 12-Measurement of the Open Time of the Paint Containing

Sample 4

Open time was measured using the procedure described in EXAMPLE 3. The

results are shown in Table 4.



.

cobalt and nanganese driers to the paint.

nount (parts by wei ght) . 24 ' :
i nt containing o o Control Paint Sanple

2. Mx in Cows Dissolver Propylene dycol 72
Bg Di sper sant 13.9 13.9

ef o _ 1.0 ' 1.0 Rutile
gi‘*t arh AALBi45RPEN TIME RESULTS 267. 6 267.6 \ater

.. 0 _ 5.0 \Water . £ 168. 9
63‘2. 1 Laiex Control Paint Paint Cé%n alrggﬁpl e 2 Latex Blend
-+ 518. 3 Coal escent - Sample 4 ' 24.5
24 4 Aqueous Cobalt Drier -- - - 4.9
Aqueogﬁeméqﬁggug%er 3 - 69 4.9 Def oaner

Pol yur et hane Thi ckener ' 25. 6
98. 2 .

The control paint had an open time of 3 minutes and noticeable differences in flow,
leveling, and brush marks in the overlapped. area compared to the first coat at 6
minutes and longer. The paint made with Sample 4 (BA/MMA/AAEM/MAA
emulsion blended with an aldehyde-terminal polyvinyl alcohol) had an open time of
from 6 minutes to about 9 minutes. By this, we mean that there was no noticeable
differences in flow, leveling, and brush marks in the overlapped area compared to
t;.he first coat at 6 minutes, and there were slight differences in flow, leveling, and
brush marks at 9 minutes. At 12 minutes and longer, there were distinct differences

in flow, leveling, and brush marks in the overlapped area compared to the first coat.
EXAMPLE 13-Preparation of Latex/Modifying Compound Blend:Samplé 5.

25.6 grams of a modifying compound (JEFFAMINE® ED-600 at 45.6% by weight
solids) was added to 511.6 grams of an aqueous emulsion (45.6% by weight solids)
containing a 39% Butyl acrylate (BA)/50% Methyl methacrylate (MMA)/9%
Acetoacetoxy ethyl methacrylate (AAEM)/2% Methacrylic acid (MAA) latex. At
room temperature, the mixture was stirred for 10 ‘minutes and equilibrated

overnight to allow the first and second reactable groups to react.

" EXAMPLE 14-Preparation of the Aqueous Coating with Sample 5.

A control paint was made in the paint formulation shown with a

39%BA/50%MMA /9%AAEM/2%MAA emulsion polymer without a modifying




Pi gment Vol ume Concentrati on=23.65% Vol ume Sol i ds=33.95% EXAMPLE
6- Measurenent of Qpen Tinme for thesRaint Containing Sanple 2
18} open tine was neasured as foI | ows. Each of the control pai nt and -pai nt

olr PSR (5o 3ok B hatBBF Sofich s SR Y b oo SRt YEH0 3

coat o rmla Bﬁfs]t pai nt was brushed out on 1/4 of the chart, parallel to
and on'% op oP e first coat in separate sections of the chart. The pai-nts
wefe dried at 21[err]C (70[err]F) and 65%relative humdity. Open tine was
defined as the maximumtinme at which the second coat of paint did not show
det ect Ingredfidrg dri ed coating i ncl udiAmgolntifpartsbkweightds of gl oss, and
surface damage. By surface danage, we nean that the dried coating was .
destroyed or ripped. The results of the open ti nePeaigdconwininge contr ol

paint and the paint containing Sanple 1 a{ shown in _Table_2.
ontrol Paint Sample 5

ix in Cowls Dissolver
Propylene Glycol 70 70
Dispersant 35 - 35
Defoamer 42 4.2
Biocide _ 1.7 1.7
Neutralizing Base 0.8 0.8
Polyurethane Thickener ' 29.4 294
Rutile Titanium Dioxide 250.0 250.0
Water 78.8 70.0
Latex 532.6 —
Sample 5 Latex Blend — 537.2
Coalescent 24.2 24.2
Defoamer | | 2.5 2.5
Neutralizing Base 3.0 2.0
Polyurethane Thickener 24.8 26.0

Pigment Volume Concentration=22.68%
Volume Solids=33.07%




TABUE 2- OPEN TI ME RESULTS - Control Paint
Pai it cont ai ni ng Sanmpl e

2 Qpen tine (m nutes) <5 26 - 15 The control paint had an
operf tine of less than 5 minutes and had defects in the dried second coat
at 5§ mi katMEd19-dersurement phOpeniiime far the BainsiCcortainingy M/ MAA | at ex

bl eﬁded r} ge quaternary salt of Ethoneen 0/25) had an open time of 15
m nyt esséﬁ‘&?ﬁ d -def ects in the dried second coat at 20 ninutes and Ionger
EMWPLE 7-Preparation of Latex/Mdifying Conpound Bl end: Sanple 3

19 :27.9 grans of a nodifying corrpound (TRITON RWM 150 at 33% by wei ght

o1 10S) OB e 3 8&%&% sifg, Bt BEOERHr ETLER I BAANEE: & o
(MVA)/l %1%5}%“}1%% £ MAA) |atex. At roomtenperature, the mxture

was ‘stirr nutes and equilibrated overnight to allow the first

reaqlabl e group and second reactable group to react. EXAMPLE 8-Preparation
of the Aqueous Coating with Sanple 3. o :
: _

TABLE 5-OPEN TIME RESULTS
Control Paint  Paint Containing
Sample 5

Open Time (minutes) 3 >12

The control'paint had an open time of 3 minutes and noticeable differences in flow,
leveling, and brush marks in the overlapped area compared to the first coat at 6
minutes and longer. The paint made with Sample 5 (BA/MMA/AAEM/MAA
emulsion blended with JEFFAMINE® ED-600) had an oéen time greater than 12
minutes. By this, we mean that there were no noticeable differences in flow,
leveling, and -brush marks in the overlapped area compared to the first coat at 12 -
minutes. Since the test method was run up to 12 minutes, the open time of the paint

made with Sample 5 occurred after 12 minutes.




A ontrol e in the pai nt fornulation as shown with a
469BA/ 53 on poly r wi thout a nodifying . conpound 46% by
WeLght so c s forrm ted [ atli on. ' _

Armuqtﬂvga%ggﬁ ﬁ,é,lj GFE'%E )

Pat nt SHES ni ng : ontroll Pai nt Sarrplle
3! Mx.n Cows Dissol ver Propyl ene d ycol - + 20.3
20— 3 Dispersant 35 . 35 Def oaner

Vet hyt L) m%tBPé & Bg'S substrate wigh an aqueous coating whickein the aqugpUsace

0. 8 Pol T k 29. 4

Ruti | cSORting, Carrﬂlﬁi es. %elgﬂé&eﬁ&ﬁﬁ?er Q&t&og Hrst reactable. %ngné a modifying
compound with a second reactable group which is complementary to the first

reactable group of the latex polymer.

2. A composition for extending open time of an aqueous coating comprising a latex
polymer with a first reactable groﬁp and a modifying compound with a second

reactable group which is complementary to the first reactable group of the latex

polymer.

3. Use of a modifying compound containing a reactable group for extending the
open time of an aqueous coating composition containing a latex polymer having a
reactable group wherein the reactable group of the modifying compound is

complementary to the reactable group of the latex polymer.

4. Use of a latex polymer having a reactable group for extending the open time of
an aqueous coating composition containing a modifying compound containing a

reactable group wherein the reactable group of the latex polymer is complementary

to the reactable group of the modifying compound.

5. A method according to claim 1 or a use according to claim 3 or claim 4 or a
composition according to claim 2 wherein the concentration of the modifying
compound is from 0.1 to about 10 percent by weight solids, based on the total

weight solids of the latex polymer in the aqueous coating composition.

! . 6. -'A:imethod according to claim 1 or a use according to claim 3 or claim 4 or a

: coating composition according to claim 2 or any claim dependent thereon wherein

This Sheet Has Been Replaced
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V\atér | 110.8 . 424 5—t-at

519 6 EL‘!"JFIIH"IH "&HHM "m | S .| THIS SHEET HB%@EEN Coal escent
' 28 REPLACED 6 o

2 6! Neutralizing Base 2.5 Pol'yurethane Thi ckener

39.4  the modif§ing conkpoumdt isVan LarapBipbidict camipour fG8ther iodrapeising a

Sol £ ds=33. 07% EXAMPLE 9- Measurenent .of Open Tine for the Paint Containing

Sanpl e Bydrophobic portion with at least 4 carbon atoms. 21 pen tinme was neasured

as follows. Each of the control paint and paint containing anple 3
(469BA/ 539V 1. 0%VAA | atex bl ended wth TRI TON RW150) was brushed out

G 0ds0s; h REhG &é‘éé‘xﬁ%‘o&' soRBPEteh AsaPER B0 Sl W PO PN o
(top to DOLLOM UShiC, fret SN erIEPERIE/ar MeidiV186 AR FbB0Y3! S & second

8. A method or a use or a composition according to claim 6 or claim 7 wherein the

complementary reactable groups in the latex polymer and amphiphilic compound
are an ionizable pair selected from the group consisting of positively and negatively

charged atoms, and acids and bases.

9. A method according to claim 1 or a use according to claim 3 or claim 4 or a
composition according to claim 2 or any claim dependent thereon wherein the
complementary reactable groups in the latex polymer and modifying compound are
a c'ovalently bonded pair selected from the group consisting of: acetoacetate-
aldehyde; acetoacetate-amine; amine-aldehyde; amine-anhj/dride; amine-isocyanate;
amine-epoxy; aldehyde-hydrazide; acid-epoxy; acid-carbodiimide; acid-chloro
methyl ester; acid- chloro methyl amide; acid-anhydride; acid-aziridine; epoxy-

mercaptan; and isocyanate-alcohol.

10. A method according to claim 1 or a use according to claim 3 or claim 4 or a
coating composition according to claim 2 or any claim dependent thereon wherein
the latex polymer comprises from 0.5% to about 10%, preferably 0.5% to about 5 %,

by weight of the total composition of an ionizable acid group.

11. A method according to claim 1 or a use according to claim 3 or claim 4 or a
coating composition according to claim 2 or any claim dependent thereon wherein

the latex polymer is selected from the group consisting of acrylic, styrene acrylic,

styrene butadiene, and vinyl acetate polymeric latexes.

Sheet Has Been Replaced
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oatl of each test paint - brushed over and per pen'di cular to a cross etched

in the ”mm en tine was ggfined as the maximumtine at which
the etc mum"" Mﬂot”\/isi ble. By this we ishery El:rl"qqﬁslgggmrmmti'ne
o.p ntifre)¢isttie ast+three minute interval befoye Whl Eb ¢y etchgd cross

was: V|5|ble|nthe dried paint film The result  test
for: the roI nt adthe E)a,lnt contalnlngds‘l Ie3are shown in Tabl e
3.~ «& ,ag@ ng aim 1 or a use according to clairp}pF 61a1paf1rqr a

i s:eﬁsﬁng)co oition agondin; 1o claim2 ox 4Ry S PRt RO BEAST e

Conger . Hattey ﬂ?élﬂé‘ﬁ e Q%W‘*Fagéséq%aﬁé%%%%'ﬁ? BBRRE Sk RIS, R’

et ched I m nutes and | onger.
22 mwg%%&%eﬂ%?&fé%ﬁl?gﬁnﬁb&&? ggc;) a%g&ggﬂga%%&n%gﬁd Bl end: Sanple 4

Preparati on of Al dehyde-term nated Pol yvinyl Al chohol To 600 granms of a
20% by wei ght sol ution of polyvinyl alcohol in water (Airvol 203

13. A method according to claim 1 or claim 3 or a coating composition according to
claim 2 or any claim dependent thereon wherein the second reactable group of the
modifying compound is covalently bonded to a complementary first reactable

covalently bonded group in the latex polymer.

is Sheet Has Been Reﬂlaced
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sujppl ied by Ar Products) was added 16.0 grans of sodium per| odate. Th
mixture was stirred at roomtenperghqure for 3 hours to form an al dehyde-

t er ni nat ed (second react abl'e group) “pol yvinyl MWEET HADBBENA4t i on
Alidehyde-terni nat ed Pol yvinyl Al cohol wth BA AREM | at eX 115
ggams of a 20% by wei ght solution of al dehyde- ' w1yl al dohol

was added to 400 grams of an aqueo emu] si on (45. 8% by wei ght solids)
cohtaining a 39% Butyl acrylate ( Met hyl met hacrylate (MVA) /9%

Acet oacet oxy et hy (MAA) |atex. The
AEM was (he 11 1A METHORRORERERING THEGERX e LR, (0 oom ©
tenperature for 6 ho w hyde and

acet oacet ate groups {ﬂ%ﬁé@gﬁb ég%gpar atltt))(rilk?of t he Aqueous
Coating with Sampl e 4. A control paint was nmade in the paint fornulation

-as shown with a 39%BA/ 50%VMVA/ 9YAAEM 2. 0%VIAA enul sion pol yner wi thout a
nodi fyi ng conpound (46.2% by wei ght sol i ds) Sanple 4 was fornulated in

t he sane fornul ati on. 23 | ngredi ent
Amount A( gaithsdPsorex@iding the open time of an aqueous coating composition is
Pa| nt contai ni ng Control Paint Sanple 4

provided. This method extends the time dunng which an aqueous coating can be
applied or rebrushed without damaging the film The open time improvement of
this invention is useful for a variety of coatings including paints, stains, varnishes,
adhesives, and inks. The aqueous coating composition contains a latex poljrmer and
a modifying compound. More particularly, the latex polymer contains a first
reactable group which is complementary to and reacts with a second reactable group
in the modifying compound. The complementary reactable groups in the latex

polymer and modifying compound provide ionic or covalent binding.

Vi~
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M X in Cowl s Di ssol ver Propyl ene dycol . 70,

D sper sant % THIS SHEET HABSBEEATEr

4.2% 7 ngﬁ:ﬁc@h@&‘r%@ma‘r ‘ , repLaceD L. 7 1.
Neut ral i zi ng |Base l 0.8 oty ﬂ}é@{elgge
Thi ckener ; 1996 .4 R R-Lm-Di-ayd-de
"250. 0 Datgqn.lrg... 641.9% 2279

—=87.0

508, 4 CoaClgen! 0o AT AN
2.5 -+ ¢ L W 5 *1q

Pol yureth
Concentra
Qpen Ti ne
t he proce
24

2.5 Neutralizing Base
ane Thi ckener 33.0 19.7

0 i
duitngleofipried 4 TatBXpdiined withe fisstiteactableegrdupiantin Fdifidy
compound with a second reactable group which is complementarv to the first

reactable group of the latex polymer.

2. A composition for extending open time of an aqueous coating comprising a latex
polymer with a first reactable group and a modifying compound with a second
reactable group which is complementary to the first reactable group of the latex

polymer.

3; Use of a modifving compound containing a reactable group for extending the
open time of an aqueous coating composition containing a latex polvmer having a
reactable group wherein the reactable group of the modifying compound is

complementary to the reactable group of the latex polymer.

4. Use of a latex polymer having a reactable group for extending the open time of
an aqueous coating composition containing a modifving compound containing a
reactable group wherein the reactable group of the latex polymer is complementary
to the reactable group of the modifying compound.

5. A method according to claim 1 or a use according to claim 3 or claim 4 or 2
composition according to claim 2 wherein the concentration of the modifying

compound is from 0.1 to about 10 percent by weight solids, based on the total

‘weight solids of the latex polymer in the aqueous coating composition.

6. A-method according to claim 1 or a use according to claim 3 or claim 4 or a

coating composition according to claim 2 or any claim dependent thereon wherein

[ITHEL

~This Sheet Has Been Reflaced
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TABLE 4- OPEN Ti HH#'"‘“ Sentso| Paint
Open’ Time (min tes) 649  TREPLAGEDr ol phint had an
open time of 3 rﬁwmsﬂﬂt hble differences in fTow, feveling, and
brush marks inijt he ﬁzlznﬂﬁped ar corrpar ed Substihetef shrest -® #Mugrist G 996Ut es
and | onger. Thg Qake ' af 4 ( BAF NV AAEM VBRA enul st on bl ended
wi th an al dehyde=t ohoI) had an open tinme of from®6

m nutes to about 9 mnutes. By th| s, we nean that there was no noticeable
di ff er encese imodifeing kegidurgl isrmh lam;sthphﬂucksompd\imi duethlea proanprisieg a
conpared to the first coat at 6 mnutes, and there were slight dlfferences
in flow, hgmwh@lcammwswm¢4§54éﬁf@ﬂﬁ%s At 12 nminutes and | onger,
there were distinct differences in flow, |eveling, and brush marks in the

over | apped area conpared to the first coat. EXAMPLE 13 Prepar ation of

Lat ex/ Modif yi n qﬁEB 2@9%@5

conpound ? E%ﬁ‘ %H}“gﬁgk ‘g?/§°°°’3ﬁ% soi |§ ; 5%%“%&"1“6
grams of AU S Rverhze GblaYuld® ved hﬂei:sﬁlﬁha%mqo%b@g a 39%
But yl acry ate (BA)/50% Net hyl thacrylate [MVA)/ 9% Acet oacet oxy et hyl

met hacryl ate (AAEM /2% Met hacrylic acid (MAA) |atex. At roomtenperature,
the m xture was stirred for 10 m nutes and equilibrated overnight to allow
the first Sandmetharhdr Rezsetertd composition accoediog. to claM\sRIrtcldid: Prvelpereirt then of
t he Aqueous Coating with Sanmple 5. A control paint was nade in the

pai nt f or complemen M\Eﬁa‘?ﬁbh groups in the latex polymer and amphiphilic compound

are an ionizable pair selected from the group consisting of positively and negatively

charged atoms, and acids and bases.

9. A method according to claim 1 or a use according to claim 3 or claim 4 or a
composition according to claim 2 or any claim dependent thereon wherein the
complementary reactable groups in the latex polymer and modifving compound are
a covalently bondec pair selected from the group consisting of: acetoacetate-
aldehyde; acetoacetate-amine; amine-aldehvde; amine-anhydride; amine-isocyanate;
amine-epoxy; aldehyde-hydrazide; acid-epoxy; acid-carbodiimide; acid-chloro
methyl ester; acid- chloro methyl amide; acid-anhydride; acid-aziridine; epoxy-

mercaptan; and isocvanate-alcohol.

10. A method according to claim 1 or a use according to claim 3 or claim 4 or a
coating“ composition according to claim 2 or any claim dependent thereon wherein
the latex polymer comprises from 0.5% to about 10%, preferably 0.5% to about 5 %,

by weight of the total composition of an jonizable acid group.

11. A method according to claim 1 or a use according to claim 3 or claim 4 or a
coating composition according to claim 2 or any claim depeﬁdent thereon wherein

the latex polymer is selected from the group consisting of acrylic, styrene acrylic,

styrene butadiene, and vinyl acetate polymeric latexes. This Sheet Has Been Repl
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12. A method according to claim 1 or a use according to claim 3 or claim 40ra

‘coating composition according to claim 2 or any claim dependent thereon wherein

the latex polymer has an average particle size from about 30 to about 800

nanometers, preferably rom about 90 to about 500 nanometers.

13. A method according to claim 1 or claim 3 or a coating composition according to

claim 2 or any claim dependent thereon wherein the second reactable group of the

modifying compound is covalently bonded to a complementary first reactable

covalently bonded group in the latex polymer.

This Sheet Has Been R
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Vater : . 78.8 . 70.0 Latex
532.6 . -- Sanple 5 Latex Blend

537.5 Coal escent 24.2 24. 2

EE‘f oarer REPLAGEMENT SHEET 2. f23 o b t2- 5 #lﬁut ralizing
asSe .U : -0l yur.et nane | C

24.8 26.10 patePi H2eAUG VS8 e COncen§P9ﬂ"i5‘ﬁé?EZ‘eggﬁ/n% %PHﬁ{?B%

Sol i ds=33. 07% ' 26 EXAVPLE |

15- Measurenment of Qpen Tinme for the Paint Containing Sanple 5 -~ Open tine
was neasured using the procedure described in EXAMPLE 3. The results are
shown in Table 5. TABLE 5- OPEN TI TS

Control Paint Paint Containing

A METHOD FOR EXTENDING THE OPEN TIME OF
AN AQUEOUS COATING COMPOSITION

A method for exténding the open time of an aqueous coating composition is
provided. This method extends the time during which an aqueous coating can be
applied or rebrushed without damaging the film The open time improvement of
this invention is useful for a variety of coatings including paints, stains, varnishes,
adhesives, and inks. The aqueous coating composition contains a latex polymer and
a modifying compound. More particularly, the latex polymer contains a first
reactable group which is complementary to and reacts with a second reactable group
in the modifying compound. The complementary reactable groups in the latex -

polymer and modifving compound provide ionic or covalent binding.



Sénple 5 Open Time (m nutes) 3 >12  The control paint
had an open time of 3 mnutes and noticeable differences in flow,
| evel i ng, and.abrm# . over | apped area conpared to the first coat

at "6 mnutes NﬁfﬁéE Mailint made wi t h A K& MAVMARH VBds
emul si on bl en ed NE ED- 600) had &ﬁ—eﬁilé;%hﬁlﬁ

m nutes. By t |®tew—) ma t there were no noticeable differences in
flow, Ileveli i n thiz-over| apped area conpared to the
first coat at 12 mnutes. Since the test nethod was run up to 12 m nutes,
the open tine of the paint nade with Sanple 5 occurred after 12 m nutes.
-27- THE W.mlmmm&nmm @ttoﬁﬂeﬁsaoﬁbli@_tm;prefe@bb added teetheiod

of coating a substrate C e i nNg

oy ses alsen BYERF 5t e kel fir AOHRAG R N mbliF bilivaitaloal S0t OB

amount of  aegpéhidny bf die first reactable group in the latex polymer. More preferably, the modifying
compound is added to the latex polymer at the level of from 0.1 to 1.0 molar equivalent.

The concentration of the modifying compound in the final aqueous coating is preferably from
0.1 to 10% by weight solids, based on the total weight solids of the latex polymer in the |
aqueous coating, more preferably is from 2 w 10% weight solids, and most preferably is from
4 to 8% weight solids.

In general, 4.5 litres (a gallon) of emulsion paint contains from about 0.22 - 1.36 kg
(0.5 to 3 pounds) of latex polymer solids and from about 0.09 - 2.26 kg (02 to about 5
pounds) of finely-divided pigment. Typical pigments are titanium dioxide and
other titanium pigments, white lead, zinc oxide, zinc sulfide, barium sulfate, calcium

- carbonate, lithopone, silica, talc, mica, clays, iron oxide, carbon black, cadmium
sulfide, toluidene red, chrome orange, chrome yellow, chrome green, and others
known in the art. Other synthetic pigments may also be included such as for
example, ROPAQUE® opaque polymer. Sometimés driers are added, such as for
example, cobalt and manganese, to coatings that contain unsaturated polymers
which cure by oxidation. Minor amounts of other coatings additives may also be
incduded in the paint formulations, such as for example, defoamers, anti-foams,
coalescents, sﬁrfactanis, dispersants, mildewcides, thickeners, wetting agents,
biocides, and the like.

The open time of the aqueous coating may be measured by brush applying the
coating to a substrate and determining the time when additional fresh paint does not
melt in or blend well visually with a previously applied, wet coated substrate. By

fhls, wemean that the test can be done by overlapping a second coat over a first coat |



cohpound w th a water-sol uble group and a second reactable group which is
capabl e of prOV|d|ng |on|c or covalent binding to the first reactable group

of the |atex polyuqger. A conposition for ext ndi ng the open tine of
an ‘aqueous coati LSTng_a racgx pol yrrer filmr I p
and an effective aﬁﬁg‘%&d’ﬂ"%¥ﬁﬁf§ﬁy ng conpould Pt"ﬁeﬁ?hf' H up

and a second rea tBabJ eegroup whi ch Jjs capabl e of provi ding ionic or
coval ent bi ndi ng ) i - | e up of the latex polyner. 3.
Use of a nodifying conpound for extendiny the open tine of an aqueous
coating conposition containing a latex polyner with a first reactable

group, wher ei | £ W & ARE & ?&ﬂf&ll% group and a
second react awsg‘ﬁ%gmgﬁgw provi % ng ronic or coval ent

binding to the first reactable group of the | atex polyner. : A et hod
according to clal m 1 or a use_  accordi ng lﬁ‘o claim3 qr a,copp S|t|on
according to & ai nﬁmwﬁa%é fae W éFlWB’F“QaHEG BN EAMHRE | S
from0.1 t0 aBghickddtabt pindl Seact1E BRbup Hnd dietieOin! anbfbnbX o ABkirpin O
the |l atex poly |n=( aqueous C(%bslng co It g

according to compouril witha waer-soluble group and acseennd\mblemntwmq: tsorapalile of on

o, o P A B b SR A

portion with at |east 4 carbon at ons. : A nmet hod or a use or a

conposi tion a cordln to.claim5 erein the a hilic co ound has .a
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a water-soluble group and a second reactable group which is capable of providing ionic or
covalent binding to the first reactable group of the latex polymer.

3. Use of a modifying compound for extending the open time of an aqueous coating
" composition containing a latex polymer with a first reactable group, wherein said modifying
" compound has a water-soluble group and a second reactable group which is capable of

providing ionic or covalent binding to the first reactable group of the latex polymer.

4. A method according to claim 1 or 2 use according to claim 3 or 2 composition
according to claim 2 wherein the concentration of the medifying compound is from 0.1 to

- about 10% by weight solids, based on the total weight solids of the latex polymer in the
aqueous coating composition.

5. A method aocording' to claim 1 or a use according to claim 3 or a coating composition
according to claim 2 or any claim dependent thereon wherein the modifying compound is an
amphiphilic compound further comprising a hydrophabic portion with at least 4 carbon atoms.

6. A method or a use or a composition according to ¢laim 5 wherein the amphiphilic
compound has a weight average molecular weight less than about 10,000.

7. A method according to claim 1 or a use according to claim 3 or a composition
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according to claim2 or any clai mdependent thereon wherein the reactable
groups in the latex polymer and nodifying conpound are a coval ently bonded
pair sel ected fromthe group consisting of: acetoacerate al dehyde;
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8. A method according to claim 1 or ause accordingwcl?jm3 or a coating composition
according to claim 2 or any claim dependent thereon wherein the latex polymer comprises
+ from 0.5% to about 10%, preferably 0.5% to about 5%, by weight of the total composition

of an ionizable acid group.

9. A method according to claim 1 or a use according to claim 3 or a coating composition
according to claim 2 or any claim dependent thereon wherein the latex polymer is selected
from the group copsisting of acrylic, styrene acrylic, styrene butadiene, and vinyl acetate
polymeric latexes.

10. A method according to claim 1 or a use according to claim 3 or a coating comp&sition
according to claim 2 or any claim dependent thereon wherein the latex polymer has an
- average particle size from about 30 to about 800 nanometers.

11. A method according to claim 1 or a use according to claim 3 or a coating composition
according to claim 2 or any claim dependent thereon wherein the latex polymer has an
~ average particle size from about 90 to about SO0 nanometers.

12. A method according to claim [ or a use according to claim 3 or a coating composition
according to claim 2 or any claim dependent thereon wherein the second reactable group of
the modifying compound is covalently bonded to a first reactable eovalmtly bonded group in
the latex polymer.
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aver age particle size fromabout 90 to about 500 nanoneters. 12. A
nmet hod according to claim1l or a use according to claim3 or a coating

composi tion accarding to claim2 or any claimdependent thereon wherein the
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13. A coating method, a composition and/or use of a madifying compound/latex polymer
substantially as hereinbefore described with reference to the Exarnples.
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