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10 The phrase “anionically stabilized latex” refers to a latex that derives
colloidal stability from the presence of either adsorbed or chemically bound anionic
groups at or near the surface of the latex particle. Anionic stabilizers are usually
preferred over cationic stabilizers for latex synthesis as they are readily available,
are relatively low in cost, and provide a high degree of colloidal stability to the latex

15 atrelatively low use levels. Yet, those skilled in the art of emulsion polymerization
are aware that imparting cationic properties to a latex can be very beneficial for
improving the performance properties of the resultant coatings.

Incorporation of amine functionality into an anionically stabilized latex is

very difficult. One known method is the use of amine-containing monomers with

20 acid-containing monomers during polymerization. The main drawback to this is
that, with typical single stage anionic polymerizations, introduction of the strongly
basic, polar, amine-containing monomers results in the generation of cationic
polymeric species, which flocculate and coagulate the anionically stabilized latex
particles to such a degree that resulting latexes have little or no commercial value.

25 In addition, there may be severe reactor clean-up problems due to accumulation of
excessive amounts of coagulum within the reactor.

US 3,404,114 (Snvder et al.) and US 4,760,110 (Das) both teach 2-stage
methods for preparing acid- and amine-functional latexes without coagulation,
wherein an acid functional latex is formed first, then the pH of the emulsion is

30 raised by addition of base, and finally the amine functionality is introduced by
* addition of an amine-functional monomer. The primary disadvantage to these
methods is that they are prepared by the 2-stage polymer process which isolates the
acid and amine moieties in separate polymer chains within the latex particle.

Certain types of acid-amine solution polymers are known, wherein amine
35 monomer, e.g., dimethvlaminoethvlmethacrylate, is polymerized with methacrylic
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net hacryl i ¢ monomer with an ethylenically unsaturated monomer to produce an anhvdride
polymer, wherein the amount of anhydride monomer is between 0.1 and 50.0 wt%
based on the total monomer weight; (b) followed by addition of base thereto; (c)
10 followed immediately by addition of between 0.001 and 2.0 moles of diamine per
mole of anhydride; and (d) allowing the components to react.

-

The present invention is also directed to an acid- and amine-functional

polymer formed by the free-radical initiated addition polymerization process of: (a)
first, copolymerizing an anhydride monomer with an ethylenically unsaturated

15 monomer to produce an anhydride polymer, wherein the amount of anhydride
monomer is between 0.1 and 50.0 wt% based on the total monomer weight; (b)
followed by addition of base thereto; (c) followed immediately by addition of
between 0.001 and 2.0 moles of diamine per mole of anhydride; and (d) allowing the
components to react. -

20 DETAILED DESCRIPTION OF THE INVENTION

As used in this specification, the following terms have the following
definitions, unless the context clearly indicates otherwise. “Latex” or “latex
composition” refers to a dispersion of a water-insoluble polymer which may be
prepared by conventional polymerization techniques such as, for example, by

25 emulsion polymerization, and “resin” refers to the polymer in the latex. “Acid-
amine polymer” or “acid- and amine-functional polymer” refers to a polymer
containing both acid and amine functionality; whereas, “acid-amine latex” or “acid-
and amine-functional latex” refers to a latex where the particles, but not necessarily
the individual polvmer chains making up the particle, contain both acid and amine

30 functionality. “Diamine” refers to a compound containing at least two amine
groups, and thus includes triamines and so on. “Lower” used in conjunction with
alkyl or alkylene refers to Ci.iz. The following abbreviations are used throughout
this specification: nm = nanometers; g = gram(s); THF = tetrahydrofuran; and wt%
= percent by weight. Ranges specified are to be read as inclusive, unless speéiﬁcally

35  identified otherwise.

THIS SHEET HAS BEEN
REPLACED




- 2 - acid or other acrylic esters. The main rrﬁrrarrbn—of—rhese—types of
aci d-arine polyners is that there are relatlvel e functional
nonorer s avai l abl e.  STATEMENT OF THE INVENTICN ﬁ?lon S
directed to a nethod for preparing an acid- and a pol yrer
under conditions of free-radical initiated additi |on
conprising the steps of (a) first, copblynerizing an anhydrlde nononmer with
an ethylenically unsaturated nononmer to produce an anhydride polyner
wherein the anount of anhydride nononer is between 0,1 angESO 0, w9 bﬁsed
on the total nononighawepyiheen disrovespd dwdd dymirpicoRBiNIRS 2 é‘é‘”ﬁ’l‘ﬁsr“é%‘éi 1?)
fol I owed i meghiafaey ¥r hunmgre@gbceﬁdmtmaa 20d00skcamtiaine whidbsis eftertiayone

per nole of aglpédre&dse'é of ‘Hv(m}mg W 59& ORQQ@QR}@MM&OW%&% ahR9dRHe§eNt

invention is to afd aci fungti onal ¥per f or med
by the free-ramip@aisiompelvaesde aﬁféﬁ’?'iech‘?“bbll‘?ﬂérg‘?‘éi’ 28 aBraG‘&‘ggs“B &P rst,

copol ynerizi ng-ithin Biehesshilside padvase rThe dchidarpatiby loé Hiecahidp-amiwtmegtie s
mononer to prg&%&&eg%f% éﬂ;é,otﬂg pr%a)w%E naﬂhﬁﬁ@é@d@@@on@ﬁps”%1ﬂ exﬁ:ﬂbﬁ’ﬂl{el de

nononer i s be ase one b
fol | oned by a@idmingxity ths2o6verde &Flf“°(‘&1)‘“f18|qt‘%ﬁ%‘&g??ﬂr%§08’teé1 rrhw%e‘%édu f"u( o)n
of between 0. Hﬂﬁeﬁtﬁs&oﬂdmlmnepadloémhmapene,rmhehéﬁnQirTHWed'él &l (d)

al l owi ng the anhvdride, is retained “as is,” thereby producing an emulsion polymer which

10  contains both an acid group and an amine group.

It has also been discovered that the analogous aminoalcohols which contain
an alcohol group capable of reacting with an anhydride coupled to a tertiary or
hindered secondary amine incapable of reacting with an anhydride will produce a
polymer containing both acid and amine groups. In this case the aminoalcohol

15 produces an ester amino group rather than an amido amine group. In general, the
reaction of anhydride polymers with alcohols typically proceeds at a much slower
rate than the reaction with the analogous amines, since amines are better
nucleophiles than alcohols.

The diamines capable of producing these acid-amine polymers are those
20 generally described by Formula (I), below:

R‘n
N—R¥—R*
R'-’/ D
wherein:
Ri=H;
R:*= H, lower alkyl, optionally containing heteroatoms such as O, S or N, so long
25 as the group is non-reactive with respect to anhydrides;

R? is an optional spacer group, and can be lower alkylene, optionally containing
secondary, tertiary or quaternary carbons and also optionally containing
heteroatoms such as O, S or N, so long as the group is non-reactive with
respect to anhydrides;

30 R4 is a sterically hindered, optionally cyclic, amine that is non-reactive with
respect to anhydrides, and optionally includes non amine-reactive
substituents.

As used in this specification, the term “non-reactive with respect to

anhydrides” refers to a group which is non-reactive to methacrylic anhydride, as
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identified ot her W S®referred diamines of Formula (I) are those wherein: R* = -NR5R° or a 4- to 7-
membered nitrogen-containing ring, optonally substituted with non amine-reactive
groups such as heteroatoms or secondary, tertiary or quaternary lower alkyl; R3, R

10 = H, lower alky], optionally containing secondary, terdary or quatemarv lower
alkyl, and also optionally containing heteroatoms such as O, S or N, so long as the
group is non-reactive with respect to anhydrides; and provided that RS or R° can be
H only if the other is f-butyl or a more hindered group.

Some examples of diamines useful in the present invention are: 3-

15 diethylaminopropylamine, 3-dimethylaminopropylamine, N,N-diethyl-N"-
methylethylenediamine, N,N-diethylethylenediamine, aminopropyldiethanoclamine,
2-amino-3-diethvlaminopentane, 4-(2-aminoethyl)morpholine,
aminopropylmorpholine, 1-amino-4-methylpiperazine, 2-(aminomethyl)-1-
ethylpyrrolidine, 4-aminomorpholine, 1-amino-4-(2-hydroxyethyl)piperazine, N-

20 aminohexamethyleneimine, triacetonediamine, N-butyl triacetonediamine, 2-
(aminomethyl)pyridine, 3-(aminomethyl)pyridine, 4-(aminomethyl)pyridine, and 5-
amino-2-methoxypyridine. The most preferred diamines include: 3-
dimethylaminopropylamine, aminopropylmorpholine, triacetonediamine, and N-
butyl triacetonediamine.

25 The useful level of diamine that may be emploved within the context of this
invention may be expressed in terms of the molar ratio of diamine to anhydride. The
useful molar ratio of diamine to anhydride ranges from 0.001 to 2 moles of diamine
per mole of anhydride. The preferred molar ratio.of diamine to anhvdride ranges
from 0.01 to 1.5 moles of diamine per mole of anhydride, and the most preferred

30 molar ratio of diamine to anhydride ranges from 0.1 to 1.0 mole of diamine per mole
of anhydride.

When less than a full equivalent of diamine is employed ( based on
anhvdride), optional monoamines, monoalcohols, di-reactive diamines, diols,
polyreactive polyamines, polyols, aminosilanes, and polvaminosilanes di- may be

35 emploved as co-reactants to facilitate modification of polymer properties such as

glass transition temperature and crosslinking. Suitable such compounds include but
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tetraethylenepentamine, 1-(2-aminoethyl)piperazine, N-(2-aminoethyl)-1,3-
propanediamine, 4-(aminomethyl)piperidine, 1,2-diaminopropane,1,3-
diaminopropane, 3,3'-diaminodipropvlamine, 1,4-diaminobutane, 1,6-hexane

10 diamine, 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane, 1,10-
diaminodecane, 1,12-diaminododecane, 1,2-diaminocyclohexane, N,N-
diethylethylenediamine, ethylene glycol, diethylene glycol, Jeffamine® C-346,
Jeffamine® D-230, Jeffamine® D-400, Jeffamine® D-2000, Jeffamine® D-4000,
Jeffamine® DU-700, Jeffamine® ED-600, Jeffamine® ED-900, Jeffamine® ED-2001,

15 Jeffamine® ED~1000, Jeffamine® ED-6000, Jeffamine® EDR-148, Jeffamine® T-403,
Jeffamine® T-3000, Jeffamine® T-5000, hexamethylene-bis-triacetonediamine,
Polymin FG®, Polymin FG-SG®, Polymin P, Polymin PR-971®, Polymin G-35-5G®,
1,7-heptanediol, 1,2,3-heptanetriol, 1,8-octanediol, 1,9-nonane diol, 1,10-decane diol,
1,12-dodecanediol, 1,16-hexadecanediol, triethylene glycol, tetraethylene glycol,

20 propylene glycol, dipropylene glycol, tripropylene glycol, tetrapropylene glycol,
butane diol, 1,5-pentane diol, 1,6-hexane diol, polyhydroxyethylacrylate and -
copolymers thereof, polyhydroxyethylmethacrylate and copolymers thereof, poly-
hydroxypropylacrylate and copolymers thereof, poly-hydroxypropylmethacrylate
and copolymers thereof, polyvinylalcohol and copolymers thereof, ethanolamine,

25 diethanolamine, 2-(2-aminoethoxy)ethanol, 2-(2-aminoethylamino)ethanol, 2-(2-
aminoethylamino)isopropanol, N-aminoethylisopropanolamine, 2-amino-2-ethyl-
1,3-propanediol, 1-amino-4-(2-hydroxyethyl)piperazine, 6-amino-1-hexanol,
aminomethanetrimethanol, 3-amino-1-pentanol, 2-amino-1-pentanol, 2-
aminophenol, 3-aminophenol, 4-aminophenol, N-methylaminopropyl-

30 trimethoxysilane, methyl[2-(3-trimethoxysilylpropylamino)-ethylamino}-3-
propionate, N-(3-acryloxy-2-hvdroxypropyl)-3-aminopropyltriethoxysilane, 4-
aminobutyldimethylmethoxysilane, 4-aminobutyltriethoxysilane,
(aminoethylaminomethyl)phenylethyltrimethoxysilane, N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane, N-(6-aminohexyl)aminopropyl-trimethoxysilane, 3-

35 aminopropyvldimethylethoxysilane, 3-aminopropylmethyldiethoxysilane, 3-
aminopropyldiisopropylethoxysilane, 3-aminopropyltriethoxysilane, 3-
aminopropyltrimethoxysilane, bis(2-hydroxyethyl)-3-aminopropyltriethoxysilane,
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alkoxyaminosilanes.

5 In addition, catalysts may be emploved, if desired, to increase the rate of

reaction of the amines and alcohols with the anhydride polymer.

The anhvdride monomers useful in the present invention are those that

contain unsaturation and are capable of undergoing free radical polymerization.
The anhvdride monomer may be an unsaturated open chain anhydride or an

10  unsaturated cvclic anhydride. Some examples of unsaturated anhydride monomers
are citraconic anhydride, maleic anhydride, tetrahydrophthalic anhydride, itaconic
anhvdride, acrylic anhvdride, methacrylic anhydride, n-octenyl succinic anhydride,
n-decenvl succinic anhydride, n-dodecenyl succinic anhydride, n-tetradecenyl
succinic anhvdride, n-hexadecenyl succinic anhydride, n-tricontenyl succinic

15 anhydride, nonenyl succinic anhydride, iso-hexadecenyl succinic anhydride, and iso-
octadecenyl succinic anhydride. The preferred anhydride monomers for use in this
invention are acrvlic or methacrylic anhydride.

The amount of anhydride monomer employed during the polymerization
may range from 0.1 to 50.0 wt%, based on the total monomer weight. Itis preferred
20  to use from 0.5 to 35.0 wt% of the anhydride monomer; and most preferred to use
from 1.0 to 10.0 wt’%.

Tvpical comonomers that are useful in this invention are those that are
capable of undergoing free radical polymerization with the aforementioned
anhydride monomers. As used in this specification, the term “acrylic” is used in a

25  general sense to describe polymers wherein at least one of the monomers is of the
acrvlic or methacrylic type, including acryvlic and methacrylic acids, esters of acrylic
acid or methacrylic acid, and substituted derivatives thereof. “(Meth)acryl-"
includes both acrvlic and methacrvlic derivatives.” Such monomers are well known
in the art. Examples of such acrylic monomers include: alkyl (meth)acrylates such

30 as methyl methacrylate, ethyl acrylate, methyl acrylate, N-butyl acrylate, 2-
ethylhexyl acrvlate, lauryl acrylate, cyclohexyl acrylate, isopropyl acrylate, isobutyl
acrylate, N-amyl acrylate, N-propvl acrvlate, ethyl methacrylate, N-propyl
methacrvlate, N-butyl methacrylate, isopropy!l methacrylate, N-octyl methacrylate,
dodecyl methacrylate, neopentyl acr_vlate,' N-tetradecy! acrvlate, N-tetradecyl

35 methacrvlate, isobutyl methacrylate, N-amyl methacrylate, N-hexyl methacrylate,

isoamyl methacrylate, cvclopentyl methacrylate, N-decyl methacrylate, and the like;
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10 butadiene, styrene, alpha-methyl styrene, sodium styrene sulfonate, vinyl toluene,
acrylonitrile, methacrylonitrile, alpha-chloroacrylonitrile, ethyl acrylonitrile, methyl
vinvl ether, isopropyl vinyl ether, N-butyl vinyl ether, isobutyl vinyl ether, t-butyl
vinyl ether, 2-ethylhexyl vinyl ether, 4-hydroxybutyl vinyl ether, 1,4-butaneglycol
divinyl ether, diethvleneglycol divinyl ether, vinyl esters such as vinyl acetate, vinyl

15  versatate, vinyl propionate, vinyl butyrate, vinyl isobutyrate, vinyl caproate, vinyl 2-
ethylhexonate and vinyl decanoate; allyl chloride, methallyl chloride, vinylidene
chloride, vinyl chloride, vinyl fluoride, vinylidene fluoride, sodium vinyl sulfonate,
butyl vinyl sulfonate, phenyl vinyl sulfone, methyl vinyl sulfone, N-vinyl
pyrrolidinone, N-vinyl oxazolidinone, acrolein, acrylamide, methacrylamide, N,N-

20 dimethyl(meth)acrylamide, methylolacrylamide, N-butoxy(meth)acrylamide,
isobutoxy(meth)acrylamide and the like, allyl triethoxysilane, allyl
tris(trimethylsiloxy) silane, 3-acryloxypropyltrimethoxy silane, and the like; esters of
other ethylenically unsaturated carboxylic acids such as dialkyl and trialkyl esters of
di-and tri-carboxylic acids such as itaconic acid and the like, including di(2-

25 ethylhexyl) maleate, dimethyl fumarate, dimethyl itaconate, diethyl citraconate,
trimethyl aconitate, diethyl mesaconate, di(2-ethvlhexyl) itaconate, and di-(2-
chloroethyl) itaconate.

These types of monomers are typically polymerized in the presence of water-
soluble or oil-soluble initiators. Examples of useful initiators include: persulfates,
30 peroxides, hydroperoxides, percarbonates, peracetates, perbenzoates, azo-functional
compounds and other free-radical generating species.

The base component can be any base capable of neutralizing methacrylic acid
and reacting with the polymeric anhydride. Examples of suitable bases include:
ammonia, alkali or alkaline metal hydroxides, Ci.; alkyl- or dialkyl-amines,

35 ethanolamine, diethanolamine, N-methylethanolamine, and hydroxylamine. Itis
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and 5- am no- 2-met hoxypyridine. The nost pref erred

di met hyl am nopr opyl ami ne, am nopropyl gor phol i ne, tri acet oned| am ne and N-
butyl triacetonedi am ne. The useful |evel of di am ne that may be enpl oyed
within the context of this invention nay xpressed in, terns tlermla
ratio of di ammefemdatﬁhya#wmwedu%h&# 9a|P°F"éT‘F6‘ hydrgidsy ?ltg‘a?%amme'
anhydri de ranged diethanblagfide.t 0 2 nol es of di ami ne per nole of anhydride.
The preferred nolar ratio of diam ne to anhydride ranges from

nol es of di ami ne pdn gardral, 1e prersged of the Pféfﬁi‘tt“h‘(?“ﬁ‘%t‘n wdrsed %r‘r‘ﬁhﬂ“h?tﬁfil 0
of diamine to JuAW6K pelgnierizaton.f AloWgH theqpolyferipitiond$ priifenablyecqreiuctedis of

anhydri de. d:’\é\;] ea@x al %%§u£ RQirin fa;,'!ﬂlitr cﬁ‘qwn- Olg{]&réﬁf-n.‘ccib%ﬂeox‘ &n@ﬁﬁlﬁ@c‘lxﬂh@%?ed

on anhydri ® 1 ona m)no m nes, -react] vg i amt etf\
di ol s, polyr eaf&?‘f 9]é°|§6 Cf}cﬂ° Vm%f?ﬁar'iﬁé‘ PATIHeS AR WSS gﬁg W8P %Enes
di - may be enpkijedinadbe ed; them\nﬂmcsbe furtheridiscuated hm‘dmh@aﬂ%n f pol yner

properties Su%oé&cﬂﬁ&%ﬁ%nﬁﬁl@Q@d i 8B nl AHBE bR PreRE inVeABSH bitungmasived abl e
such conpou nd%eﬁ nCl ¥1rst ta)n tanhvdnde monomer is copolymerized with an ethylenically
10 unsaturated monomer in the appropriate medium to produce an anhydride
polymer. At that point, base is introduced into the system, followed immediately by
addition of a diamine, and the components are allowed to react. In a system where
water or a polar solvent is present in the medium, the anhydride polymer is subject
to attack by the medium; therefore, addition of base and the diamine must be made
15 before the anhydride polymer has significantly decomposed.

Where an aqueous medium is utilized, dispersions of these resins may be in
the form of single or multi-staged particles. Multi-staged particles will comprise at
least two mutually incompatible copolymers having any of a number of
morphological configurations — for example: core/shell; core/shell particles with

20 shell stages incompletely encapsulating the core; core/shell particles with a
multiplicity of cores, interpenetrating network particles; and the like, where the
greater portion of the surface area of the particles will be occupied by at least one
outer stage, and the interior of the particle will be occupied by at least one inner
stage.

25 Surfactants are commonly used in emulsion or dispersion polymerization to
provide stability, as well as to control particle size. Conventional surfactants
include anionic or nonionic emulsifiers or their combination. Typical anionic
emulsifiers include but are not limited to: alkali or ammonium alkyl sulfates, alkali
or ammonium alkylether sulfates, alkali or ammonium alkylarvlether sulfates, alkyl

30 sulfonates, salts of fatty acids, esters of sulfosuccinic acid salts, alkyl diphenylether
disulfonates, and salts or free acids of complex organic phosphate esters. Typical
nonionic emulsifiers include but are not limited to: polyethers, e.g. ethylene oxide
and propylene oxide condensates which include straight and branched chain alkyl
and alkylaryl polyethylene glycol and polypropylene glycol ethers and thiocethers;

35 alkyl phenoxypoly(ethyleneoxy) ethanols having alkyl groups containing from
about 7 to about 18 carbon atoms and having from about 4 to about 100 ethyleneoxy

THIS SHEET HAS REEN
REPLACED




- 5- are not limted to: ammonia, nethylam ne, dinethylamne_ ethylanm ne,
di et hyl'am ne, propyl am ne, dipropyl am ne, isopropyl am ne, diisopropylamn ne,
but yl am ne, di butyl am ne, isobutylam ne, diisobutyl Hns Shest h Beplaoss],

cycl ohexyl am ne, [2-(cycl ohexam no)sulfonic acid], o | am ne,
dodecyl am ne, hexadecyl am ne, octadecyl am ne, propar ' l|igl am ne,
di gl ycol am ne, ethyl enedi am ne, diethylenetriamne, triethylenetetram ne,
tetraet hyl enepent am ne, 1-(2-am noethyl)piperazine, N-(2-am noethyl)-1,3-
propanedi am ne, 4-(am nonet hyl) pi peridine, 1,2-diam nopropane, 1, 3-
di am nopropane, 3, 3'-diam nodi propyl am ne, 1, 4-di am nobutane, 1, 6-hexane
di ami ne, 1, 7- dhiasyanapeptoanelkyler@-deriyativeso thanisol, incudingsarhisarmsnreides, 10-
g! ag‘hnfdteﬁarema : :sﬁhﬁamﬁﬁlfzﬂe.cwleam}\l@myeuaieaqﬂwﬁdqhempetynw

I et hyl et hyl enedi am. ne, et ene. n oy fHadda r]
C- 340 Jert aniRperiqrerst SutpreaR pEleEch e B BYOTRE hal Grsasf Uadlh DRI
D4000, Jef f antonad WRiglHOW the EnsleampesiEPr] ED- 600, Jeffanine ED-900, Jeffanine
ED 2001, Jgf fam neofdd000nal ek poAdE: &Rt B00R indGhEAH 88 B dPincilelelcam ne

1 solvents, pigments, fillers, dispersants, curing agents ,wetting agents, anti-foam
agents, UV absorbers, antioxidants, biocides, and stabilizers.

Curing agents or mixtures thereof may be employed to control the polyvmer
molecular weight development before or after film formation. Typical curing agents
10  that are reactive with anhydrides are diamines, triamines, tetraamines, etc. diols,
triols, tetraols, etc. aminoalcohols, aminosilanes, where more than one of the
functional groups within the curing agent molecule is reactive with anhydride or
with itself and forms a covalent crosslink. These optional curing agents may be
added tot he final latex product after it has cooled to room temperature. When the
15 curing agent is an amine, it may be added to the latex either as the free amine or its
analogous salt. Preferred salts are acetate, formate, lactate, or bicarbonate.

In preparing the acid-amine polymers of the present invention, any
chain-transfer agent, or mixtures thereof, may be used to control molecular weight.
Suitable chain transfer agents include, for example, Ci.1: alkyl or functional alkyl

20 mercaptans, alkyl or functional alkyl mercaptoalkanoates, or halogenated
hydrocarbons, and may be employed in the polymer at levels of 0.1 - 10 wt%, based on
the weight of the polymer. '

The polymers of the present invention are especially useful in compositions
for the tanning, retanning or other stages of leather wet-end processing, and in
25 polish and coating compositions.

The following examples are presented to illustrate further various aspects of
the present invention, but are not intended to limit the scope of the invention in any

respect.

EXAMPLE 1

30 The following table provides the reactor charges for a latex composition of
the present invention.
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Jef fam ne T-3000, Jeffam ne T-5000, hexanet hyl ene- bi s-triacetomnedi-ani ne,
Polymn FG Polymn FG SG Polymn P, Polym n PR-97; Nyl 35-SHerr],
1, 7- hept anediol, 1,2, 3-heptanetriol, 1,8-octanediol, Sﬂglﬁﬂh&n PRGE

1, 10- decane diol, 1,12-dodecanediol, 1, 16- hexadecaneim F ene
glycol, tetraethylene glycol, propylene glycol, dipr ,
tripropylene glycol, tetrapropyl ene glygcol, butane diol, 1,5-pentane diol,
1, 6- hexane di ol, pol yhydroxyethylacrylate and copol ynmers thereof,

pol yhydr oxyet hyl nethacrytrate and cog_%%ﬁggeof , poly-

hydr oxypr opyl acryl ate and copol yner ;

pol y- hydr oxypr opy! gethas SRERMEN D ool o t R AMQUNT (emmsl v al cohol and
copol ynmers thereof, ethanolam ne, digtifighabamnm ne, 2-(2-an noet hoxy) et hanol ,
2- (2- am noet hyl am na@e<ainadakter 2- (2- am noet hyl am no) i%%%r opanol ,

N-ani noet hyl i SOPr OpaGG) GRiAESSES sl GnorBidhid- 67

1, 3- propanedi ol , 1- am @&%)¥4- ( 2- hydr oxyet hyl ) pi perazi ne, 6-am no-1-hexanol,

am nonet hanet r i met hald@dum IarA¥RG-(dsspent anol , 2-am no- 3.pent anol, 2-

am nophenol , 3-am naRBgRAker:d- am nophenol , N-net hyl am ngpr opyl -

trimet hoxysil ane, [2-(3-trinet hoE%?i | yl propyl am no) - et hyl am no] - 3-

nmet ny

propi onate, N-(3-acryl oxy-2-h oxypr - 3-am nopropyltriethoxysilane, 4-

am nobut yl di net hyl NE’K‘FI’B%%’QTP’% 2% ami nobutyl tri et hoxgéil ane,

(am noet hyl ani nomet HYAoRFa&HEFERt hyl t ri net hoxysi | ane, N-?S' -am noet hyl ) - 3-

am nopropyl tri met hoxysi | ane, N-(6-am nEe&Byl )am nopropyl -tri nmet hoxysil ane,
8

3- Acrylic polymer seed (45%; 150 nm) 77.
Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%).
. Feed D
Butyl acrylate 910.0
Methyl methacrylate 735.0
Methacrylic anhydride 875
Methacrylic acid 17.5
Rinse 1
Deionized water 50.0
Feed E :
Ammonijum persulfate 1.0
Deionized water 60.0
Feed F
Nonylphenol ethoxylate 40 EO (70% 50.0
Polymer Reactant Feed #1
Ammonium hydroxide (28%) 12.35
Polvmer Reactant Feed #2
Aminopropylmorpholine 5235
Deionized water 157.3

The initial reactor charge was heated, with stirring, to 85-88 °C under a
nitrogen blanket while Feeds A, C, D, E, and F, Polymer Reactant Feed #1, and
Polymer Reactant Feed #2 were being prepared. When the reactor kettle reached 88
°C, Feed A was fed to the reactor over 2 minutes. Immediately after completion of

5 Feed A, Feed B was added to the reactor over 5 minutes. Immediately after
completion of Feed B, Feed “CD” and Feed E were simultaneously begun. (Feed
“CD"” is the emulsion produced by mixing Feed D into Feed C.) Feed C/D was
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am nopr opyl di et hyl et hoxysi | ane, 3-am nopropylme 3-

ani nopr opy! di i sopropyl et hoxysi | ane, 3-ami nopropyl trj et ﬁg&ég,m@need 3-

am nopropyl tri net hoxysi | ane, This Sheet
bi s(2- hydr oxyet hyl ) - 3-am nopropyl tri et hoxysi | ane, M\m\m‘ \%\
1, 4-bi s[3-trinmethoxysilyl)propyl]ethyl enedi am ne, oxysilyl)-
propyl ] ami ne, trimethoxysilyl propyldiethylenetriam ne, and the anal ogous
pol yanmi nosi | anes derived from hydrol ysis and condensation of the

af or enent i oned e L tian oyed,

I f desired, '% F%‘éntrsa ng%fwre éﬁml?\& e%%nﬁ‘tﬁ%gﬂﬁﬁggfgﬁhl S
with the anhydemaeraﬁeﬂwﬁﬁ Ctheougheyidhe add mwféﬁeg G<&¥ andihged Fewps addsd

i nvention ar e ovBOBSD mirdites OAftad ddn1sEdI6EEded E, alelcantents ap tHel reactbr wrder goi ng

free radical 8%%535 g 8¢&l | Utk %uﬁ”fylga{eﬂigesfswm‘%‘g’wwp&m&mg vfﬁcﬁd

open chai n_anh e or cyc es of
unsat ur at ed aﬁH?ﬁ? M@“W&néﬁﬁ\e iafel after ﬂ%fcf@ﬁmie%ﬁih lgmer Rgpacip &rl de,

t et r ahydr opht [Fakd § veasadifddde thé f«acton bcerdhinymitesl elmmediakdly a&mgl'drqodqqletion
met hacrylic anpydsd ﬁ,ePol‘OinQP REIHntFUEE 1P 1FasHHARA th B reactor over 5 minutes. After
completion of Polymer Reactant Feed #2, the reactor temperature was maintained at
60 °C for 4 hours to assist in the consumption of Polymer Reactant Feed #1 and
10 Polymer Reactant Feed #2. (The consumption of Polymer Reactant Feeds can
readily be monitored during the reaction by a combination of gas chromatography,
potentiometric titration and IR.) The contents of the reactor were then cooled to 25
°C and filtered through 100/325 mesh screens. -

The resultant filtered latex had a pH of 6.0, a solids content of 45.0 wt%,
15 particle size of 200 nm, and a Brockfield viscosity of 20 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

EXAMPLE 2

The following table provides the reactor charges for a latex composition of
20 the present invention. The procedure of Example 1 is followed, except that the .
aminopropylmorpholine in Polymer Reactant Feed #2 is replaced with
dimethylaminopropylamine.

REACTOR CHARGE
INGREDIENT AMOUNT (grams)
Initial Charge
Deionized water 978.6
Nonylphenol 4.5EQ sulfate ammonium salt 6.7
(58%) '
Sodium lauryl sulfate (28%) 13.3
Sodium acetate 7.78
Feed A
Ammonium persulfate 6.3
Deionized water ' 36.0
Feed B

Acrylic polymer seed (45%; 150 nm) 77.8




n- decenyl succinic anhydride, n-dodecenyl succini

C e,
n-tetradecenyl succinic anhydride, n-hexadecenyl sygei s negigprl;cgde,
/I
I'H

n-tri contenyl succinic anhydride, nonenyl succinic

i so- hexadecenyl succinic anhydride, and iso- oct adé Hmm
anhydride. The preferred anhydri de nononers for us tion are
acrylic or nmethacrylic anhydride. Thelanount of anhydride nonomer enpl oyed
during the polynerization my range fromO0.1 to 50.0 w % based on the
total nononer weight It is preferred to use fromO0.5 to 35.0 wt% of the
anhydri de nononer; and nost preferred t@wedse from1.0 to 10.0 W% Typi cal
conononers that are us&dddedimatet hi s i nvention are thosed832at are capabl e of
under goi ng free radi c@nv%L%wgédﬁygt@M&mghe af or enemtsi oned anhydri de
nononers. As used in t{Bgg) specification, the term"acrylic" is used in a
general sense to describe polyners whergia st | east one of the nononers is
of the acrylic or methagryvlig type, i nclluding acrylic ep@g nethacrylic
acids, esters of acryMr 1ac:l L. Tet hacrylic acid, and-gybstituted
derivatives thereof. MEVECHRIASTSE- " includes both acryljc and methacrylic
derivatives. Such norYfBrTYESARYRESY known in the art. EXanples of such
acrylic nmonomers inclMetdacgicRgd (et h)acryl ates such as!’rmet hyl

nmet hacryl ate, ethyl acrylate, nmethyl acrR#sate, N-butyl acrylate, 2-

et hyl hexyl acryl ate, basdixdwaeryl ate, cycl ohexyl acryl a0d, i sopropyl

acryl ate, isobutyl Feed E
Ammonium persulfate 1.0
Deionized water 60.0
Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
Polvmer Reactant Feed #1
Ammonium hydroxide (28%) 1235
. Polvmer Reactant Feed #2
Dimethylaminopropylamine 372
Deionized water 1575

The resultant filtered latex had a pH of 7.5, a solids content of 44.5 wt’,
particle size of 205 nm, and a Brookfield viscosity of 70 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens. '

EXAMPLE 3

The following table provides the reactor charges for a latex composition of
the present invention. The procedure of Example 1 is followed, except that the
aminopropylmorpholine in Polymer Reactant Feed #2 is replaced with triacetone

w

diamine.
REACTOR CHARGE
INGREDIENT AMOUNT (grams)
Initial Charge
Deionized water 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%) |
Sodium lauryl sulfate (28%) 133
Sodium acetate 7.78
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acrylate, N-anyl acrylate, N propyl acrylate, ethmﬁmyrat—&,‘bkpropyl

nmet hacryl ate, N-butyl nethacrylate, isopropyl net hahissﬂe&hgwel\l- ctyl
nmet hacryl ate, dodecyl nethacrylate, neopentyl acryl ‘i I
acrylate, N-tetradecyl nethacrylate, isobutyl net ha?}l&l[bﬂﬂmﬁj

met hacryl ate, N-hexyl nethacrylate, ispanyl nethacr ' nt yl

net hacryl ate, N-decyl nethacrylate, andthe |ike; - 7 - other acrylate
and net hacryl ate esters such as 2-bronoet hyl nethacrylate, isobornyl

met hacryl ate, phenyl nethacrylate, 1-napldlyl nethacryl ate, benzyl

met hacryl ate, 2- phenynsghdétydm paédiraer yl at e, 3- nmet hoxybut ybSacryl at e,

2- met hoxybutyl net hagiyhdtewadnd 2- N-but oxyet hyl net hacegl ate; active
hydrogen-functional nononers including hydroxy-substituted (nmeth)acrylates
such as 2-hydroxyethy| acryl ate cEm oxypropyl ackyl ate;

(meth)acryl ate incl u&?&cgéﬁ‘%’ﬁf‘%q&éﬁ'ls{) Such as sul f oet h§| net hacryl at e,
and sul fopropyl acrylate; and phosphori Eeed& ds such as_2- phosphoet hyl
(nmeth)acryl ate. Addi tReismized wetgnoner s whi ch can be use®?€n t he pr esent

i nvention include: bwNdmgipkerel +3EDsnnesmmbpimasalet hyl st yP€ne, sodi um styrene
sul fonate, vinyl tol uepis)

Feed D
Butyl acrylate 910.0
Methyl methacrylate 735.0
Methacrylic anhydride 875
Methacrylic acdid . 175
Rinse 1
Deionized water 50.0
Feed E
Ammonium persulfate 1.0
Deionized water 60.0
' Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
Polvmer Reactant Feed #1
Ammonium hydroxide (28%) 12.35
Polvmer Reactant Feed #2
Triacetonediamine 56.9
Deionized water 157.5

The resultant filtered latex had a pH of 7.9, a solids content of 45.0 wt%,
particle size of 210 nm, and a Brookfield viscosity of 40 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

5 EXAMPLE 4 -

The following table provides the reactor charges for a latex composition of
the present invention. The procedure of Example 1 is followed, except that the
aminopropylmorpholine in Polymer Reactant Feed #2 is replaced with N-butyl

triacetone diamine.
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acrylonitrile, nethacrylonitrile, alpha-chloroacrytenitrile, _ethyl
acrylonitrile, methyl vinyl ether, isopropyl vigyl _ether, N-butyl vinyl
ether, isobutyl vinyl ether, t-butyl vinyl ether 523 ¢¢0 Ryplaced Nyl et her,
4- hydr oxybutyl vinyl ether, 1, 4-butaneglycol di viJ ﬁ

di et hyl enegl ycol divinyl ether, vinyl esters suc ate, vinyl
versatate, vinyl propionate, vinyl butyyate, vinyl isobutyrate, vinyl
caproate, vinyl 2- ethyl hexonate and vinyl decanoate; allyl chloride,

met hal Iyl chloride, vinylidene chloride, vinyl chloride, vinyl fluoride,
vinylidene fluoride, sodiumvinyl sulfonate, butyl vinyl sulfonate, phenyl
vi nyl sul fone, nettyt—vrnyt—sutrfone, ol rdi none, N-vinyl

oxazol i di none, acrolein, acrylam de,%%de, NIN-

di met hyl (et h) acrylam de, neiHGREDPIBNIV] a0 de N O SRReberyl ami de,

i sobut oxy(net h)acryl am de and the | ikigal GHatg¢l triethoxysilane, allyl
tris(trinmethylsil oxXypeisHided@ter 3- acryl oxypropyl trinmet heméy sil ane, and the
like; esters of ot hegyEtaVleRisculate Wisahihalied carboxylz ¢ acids such as
dial kyl and trial kyl gg&ers of di-and tri-carboxylic acids such as itaconic
acid and the like, iggluding Jikdos@f Nyl hexyl) nal eat easdi methyl funarate,
di met hyl itaconate, di.et ha}él Gitraconate, trinethyl acopigate, diethyl
nmesaconat e, di(2-ethy uJe’XyFt)a itaconate, and di-(2- chloroethyl) itaconate.
These types of mononers are typically g8&%erized in the presence of water-
sol ubl e or oil - sol ubfe™cpipmipgtsgfate  Exanpl es of usef ul i tiators include:
persul f at es, Deionized water 36.0

Feed B
Acrylic polymer seed (45%; 150 nm) 77.8
Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
o : Feed D
Butyl acrylate 910.0
Methyl methacrylate 735.0
Methacrylic anhydride 87.5
Methacrylic adid 175
Rinse 1 ’
Deionized water 50.0
Feed E
Ammonium persulfate 1.0
Deionized water 60.0
' Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
Polvmer Reactant Feed #1
Ammonium hydroxide (28% 1235

Polymer Reactant Feed #2
N-Butyl triacetonediamine

Deionized water 157.5

. The resultant filtered latex had a pH of 8.0, a solids content of 445 wt%,
particle size of 205 nm, and a Brookfield viscosity of 40 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.
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per oxi des, hydroperoxi des, percarbonates, peracetates, perbenzoates,
azo-functional conpounds and other free-radical generating species. The
base. conponent can be any base capabl e of neutralizing nmethacrylic acid and
reacting with the polymeric anhydride. Exanples dfhisStiei Bllpgeni@gigsqi Nl ude:

ammoni a, al kali or al kaline netal hydroxides, (er
di al kyl -am nes, ethanol am ne, di et hanglsam ne, N me‘ !lmgm#[uMne and
hydroxyl am ne. It is -8- preferred to use amoni 4, roxi de,
pot assi um hydr oxi de, et hanol am ne, and di et hanol am ne. In general, the
process of the present invention involvegafvipegisadi cal initiated addition
pol ynmeri zation. Although the polynerization is preferably conducted.in gn
aqueous medi um polTite following blegrrovidya theresetop shirges T L@k SPRFBHLCN ©
Lhef eof, my 3ha %_r%kﬁngmeﬁuﬁ&.-TréSpp%&@dm@et ERERpEAL isdollowedniqeptthat thenel |
nown to those sKi dint rt,.they w 4 K r
her ei n; homevém?ﬁPﬁaﬁﬁﬁﬁﬁrﬁeaﬁ?ﬁﬁ%”éﬂ?ﬁ%?ﬁ%LY%8?#§%§£?ﬁ%238¥9£%ggﬁfggent
i nvention & e monomeisiexhdibleeminepropy merpheting in PalymgsRasetant feed #21s
copol yneri zed yictdhsad potsoy.enically

REACTOR CHARGE
INGREDIENT AMOUNT (grams)
Initial Charge
Deionized water 978.6
Nonylphenol 4.5EO sulfate ammonium salt 7
(58%)
Sodium lauryl sulfate (28% 13.3
Sodium acetate 7.78
Feed A
Ammonium persulfate 6.3
Déionized water 36.0
Feed B
Acrvlic polymer seed (45%; 150 nm) 778
Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
Feed D
Butyl acrylate 910.0
Methyl methacrylate 778.7
Methacrylic anhydride 43.7
Methacrylic acid 175
Rinse 1
Deionized water 50.0
Feed E
Ammonium persulfate ) 1.0
Deionized water 60.0
Feed F
Nonylphenol ethoxylate 40 EQO (70%) 50.0
Polvmer Reactant Feed #1
Ammonijum hydroxide (28%) 12.35
Polymer Reactant Feed #2
Aminopropylmorpholine 26.2
Deonized water 157.5
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unsat urated nononer in the appropriate nmediumto produce an anhydri de
polynmer. At that point, base is introduced into the system followed
i mmedi ately by addition of a diamne, and the conponents are allowed to

react In a systemwhere water or a polar sol ventyi rresent in the nedi um
t he anhydride polyner is subject to attack by tﬁm%n (sEre f‘gre,
addition of base and the diam ne nust be made bﬁ]j "iﬂ I de pol yner

has significantly deconposed. \Were adbaqueous ed,

di spersions of these resins may be in the formof single or nulti-staged
particles. Miulti-staged particles will conprise at |east two nutually

i nconpat i bl e copol yners havi ng any of a nunper_ of r.phol ogi ¢ o
configurations - fbhre resakantdiltesed éﬁ%q a PE%?@%H@P ‘dg&?‘ftle’g'l %fgsva Yheshel |
stages i nconppgiRle/sifnsrIuingtande Blvekfiekieyiswmsite/of A Léntipmisel (ohedbenbnd a
multiplicity of. cpor ' : rati | ey ' ' ,
where the gr e%ngraﬁep%r%P irgﬂélgégﬁésur ?:gp% %%\g%;%“g?iébﬁgﬁ?lgﬁgge %Mf‘ﬁakgiéf‘m
occupi ed by ats measired by fHisriog tRioygs, 3&6‘%%‘23' mErs f)&e?ﬂs' the particle will
be occupied by at | east one inner stage. Surfactants are commonly used in
enul si on og dispersion polynerization EXAN@PYER stability, as well as to
control particle size. Conventional surfactants_include anionic or _nonionic
enul sifiers or theThe foblemingtabimprovidasche reactas shargemiera etex comprsitirfeohut
are not |imt g presertlifddnitioar TagpesdedtrabiBrampleflds dlowdds akiept that the

methacrylic anhydride level is doubled (from 5 to 10 wt% based on monomers), and

the aminopropylmorpholine in Polymer Reactant Feed #2 is also doubled. In
10 addition, the solids level is lowered from 45 to 38 wt% by adding additional water
with Polymer Reactant Feed #2.

REACTOR CHARGE
INGREDIENT AMOUNT {grams)
Initial Char
Deionized water 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%)
Sodium lauryl sulfate (28%) 13.3
Sodium acetate -7.78
Feed A
Ammonium persulfate 6.5
Deionized water 36.0
Feed B
Acrylic polymer seed (45%; 150 nm) 77.8
Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
Feed D
Butyl acrylate : 910.0
Methyl methacrylate 647.6
Methacrylic anhydride _ 174.8
Methacrylic acid 17.5
Rinse 1
Deionized water 50.0
Feed E
Ammonium persulfate 1.0
Deionized water 60.0
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or amoni um al kyl et her sul fates, alkali or amoni um al kyl aryl et her
sul fates, al kyl sulfonates, salts of fatty acids, esters of sulfosuccinic
aci d-salts, alkyl diphenylether disulfonates, and ggl et Phs BeRephoddds of

conpl ex organi ¢ phosphate esters. Typical nonionic ik ude but
are not limted to: polyethers, e.g. ethylene oxi deelm " ﬂﬁmm oxi de
condensat es whi ch include straight andqbranched chai kyl aryl

pol yet hyl ene gl ycol and pol ypropyl ene gl ycol ethers and thioethers; alkyl
phenoxypol y( et hyl eneoxy) et hanol s having al kyl groups contai ning from about
7 to about 18 carbon atonms and having from about 4 to about 100 et hyl eneoxy
- 9 - units; and pol yoxy-al kyl ene deri vakdedEs of hexitol, including

sorbi tans, sorbides, ndemylphenvbethoxplate HAFA 79SS . Surfactan?%onay be enpl oyed
in the polymer conpositions of theppyasabctinaveawnion at |evels of 0.1 - 3
wt % or greater, based Q0nddifn hpkdde@®xght of the final ceososition. O her
op}ional conponent s }h?f can be in%&eg%quguﬁﬁgﬁggnvention i ncl ude co-

sol vents, pignments, fillers i S eggan%sT—Currﬁg“agent Jyetting agents,
anti-foam agents, W/ ﬁﬁgﬂﬁﬁgpgy%%?l%midants, biocidesiﬁ%ﬁg stabilizers.

Deionized water

The resultant filtered latex had a pH of 8.0, a solids content of 38.0 wt’s,
particle size of 211 nm, and a Brookfield viscosity of 8,500 centipoise (number 4
' spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

EXAMPLE 7

The following table provides the reactor charges for a latex composition of
the present invention. In this example, the methacrylic anhydride level is 30.6%
based on total monomers, and the reactant feed #2 is 1 equivalent of
dimethylaminopropylamine (based on methacrylic anhydride). The procedure is
10  described below.

o

REACTOR CHARGE
INGREDIENT AMOUNT (grams)
Initial Charge
Deionized water 782.1
Feed A
Ammonium persulfate 0.33
Deionized water 10.0
Feed B
Acrylic polymer seed (32.3%; 175 nm) ' 52.6
FeedC
Deionized water 3679
Nonylphenol 4.5EO sulfate ammonium salt 18.2
(58%)
Feed D
Ethyl acrylate 261.3
Methyl methacrylate 88.9
Methacrylic anhydride 154.8
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Curing agents or m xtures thereof may be enployed to control the pol yner
nol ecul ar wei ght devel opnent before or after fil mation. Typical curing
agents that are reactive with anhydrides are dianm nes, triam nes,

tetraamnes, etc. diols, triols, tetraols, etc. alhisBhed:GRANMLS

am nosi | anes, where nore than one of the functiona Im, i f7dt he
curing agent nolecule is reactive with hydri de (;L MEM and fornms a
coval ent crosslink. These optional curiﬂ% agents §/'" I gft he final
| at ex product after it has cooled to roomtenperature. Wen the curing
agent is an amne, it may be added to the latex either as the free am ne or
Its anal ogous salt Preferred salts are acphatie, formate, |actate, or
bi carbonate. I n prepari mgiohib vaek d- am ne pol ynmers of thelspresent invention,
any chain-transfer agent, or mxtures thegggk, may be used to control
nol ecul ar wei ght Sui tabanﬁhrbegmgsf er agents include, giger exanpl e,
Cerr] alkyl or functiopal alkyl nercaptans, alkyl or fupgtional alkyl
mer capt oal kanoat es, or ha'loogenat ed hydrocarbgns, and may be enployed in the
polymer at levels of 0.1 -10 wt% based ofeedfe wei ght of the polymer. The
pol ymers of the present T9PBH VY are especially usef uP®PH conpositions for
t he tanning, retanning or other stadekmefRepetantFeed #l\et - end processi ng, and
in polish and coating cdmmeoiumihydrexidefBge)f ol | owi ng exanpl 8¢#6are presented to
illustrate further various aspects @blvmer Reactant Feed #2

Dimethylaminopropylamine 102.7

The initial reactor charge was heated, with stirring, to 85-88 °C under a
nitrogen blanket while Feeds A, C, D, E, and F, Polymer Reactant Feed #1, and
Polymer Reactant Feed #2 were being prepared. When the reactor kettle reached 88
°C, Feed A was fed to the reactor over 2 minutes. Immediately after completion of
Feed A, Feed B was added to the reactor over 5 minutes. Immediately after
completion of Feed B, Feed “CD” and Feed E were simultaneously begun. (Feed
“CD” is the emulsion produced by mixing Feed D into Feed C.) Feed C/D was
added, with constant stirring, over 60 minutes, while maintaining the reaction
temperature at 85 °C throughout the addition of Feed C/D; and Feed E was added
10  over 70 minutes. After completion of Feed E, the contents of the reactor were held
for 30 minutes at 85 °C. At that point, Feed F was added to the reactor over 5 ..
minutes and Polymer Reactant Feed #1 was added to the reactor over 5 minutes.
Immediately after the completion of Polymer Reactant Feed #1, Polymer Reactant
Feed #2 was added to the reactor over 5 minutes. After completion of Polymer

15 Reactant Feed #2, the reactor temperature was maintained at 90 °C for 8 hours to
assist in the consumption of Polymer Reactant Feed #1 and Polymer Reactant Feed
#2. (The consumption of Polymer Reactant Feeds can readily be monitored during
the reaction by a combination of gas chromatography, potentiometric titration and
IR.) The contents of the reactor were then cooled to 25 °C and filtered through

20 100/325 mesh screens.

u

The resultant filtered latex had a pH of 7.2, a solids content of 11.2 wt%,
particle size of 254 nm, and a Brookfield viscosity of 16,000 centipoise (number four
spindle at 30 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens. The resulting latex

25  was readily converted into a solution polymer with either acid or base.
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the present invention, but are not intended to linmt the scope of the
invention in any respect EXAVPLE 1 The followi ng table provides the reactor

charges for a |l atex conposition of the present in - EACTOR
CHARGE | NGREDI ENT AMOUNT (grams) Lniti aI Char ge Del oni zed
wat er 978. 6 Nonyl phendfus gE@iBmhRqﬂ@e@mmm um
sal t 6.7 (58% Sodiumlauryl"- suI fat e (28% 13.3
Sodi um acet at e rl"

persul fate " 6. 5

EXAMPLE 8

The following table provides the reactor charges for a latex composition of
the present invention. The procedure of Example 5 is followed, except that the
aminopropvimorpholine in Polymer Reactant Feed #2 is substantially decreased and

5 acuring agent is post added to the final latex after cool down.

REACTOR CHARGE
INGREDIENT AMOUNT (grams)
Initial Charge )
Deionized water 578.6
Nonylphenol +.5EO sulfate ammonium salt 6.7
(58%)
Sodium lauryl sulfate (28%) 133
Sodium acetate 7.78
Feed A
Ammonium persulfate 6.3
Deionized water 36.0
Feed B
Acrylic polymer seed (45%; 130 nm) 77.8
Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt - 26.6
(58%)
Feed D
Butyl acrylate * 910.0
Methyl methacrylate 778.7
Methacrylic anhydride 43.7
Methacrylic acid 17.5
Rinse 1
Deionized water 50.0
Feed E
Ammonium persulfate 1.0
Deionized water : 60.0
Feed F
Nonylphenol ethoxylate 40 EQ (70%) 50.0
Polvmer Reactant Feed #1
Ammonium hydroxide (28%) 1235
Polymer Reactant Feed #2
Aminopropylmorpholine 2.62
Deionized water = o=
15.75
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Dei oni zed wat er 36.0 Feed B Acrylic polyner

seed (45% 150 nnm 77.8 Feed C Deionized water
852. 8 Nonyl phenol 4.5EO sul fate ammoni um sal t nuss%&tﬁas(siﬁ:ﬁe f&gd D Butyl
acryl ate 910.0 Met hy
735.0 Methacrylic anhydride ”IHH' ﬂl lic acid
17.5 Rinse 1 Deionized water Feed E
Anmmoni um persul fate 20 1.0 Dei oni zed wat er
60. 0 Feed F Nonyl phenol ethoxyl ate 40 EO (70% 50.0
Post Added Curing Agent
Jeffamine® D-100 " 372
Deionized water 1418

The resultant filtered latex had a pH of 9.5, a solids content of 45.0 wt%,
particle size of 200 nm, and a Brookfield viscosity of 30 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens. The resulting latex

5 film, after drying 10 days at room temperature, was insoluble in a solution of 95%
THF /4% water /1% HC], indicative of a highly cured/crosslinked acrylic film. The
film generated from the control polymer in Example 5 (with no curing agent) was
soluble in the solution of 95% THF / 4% water / 1% HC], indicative of an
uncrosslinked film.
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Pol ymer React ant—Feed—#1—Ammonium hydr oxi de (280/()
12.35 Polymer Reactant Feed #2 Am nopropyl nor phethe -

52. 5 Dei oni zedﬂv&ﬁ heat Has Been Replaced The initial reactor
charge was heat mw!! ng, to 85-88 [err] H!ﬂmw uﬂugﬂﬁn bl anket
whi | e Feeds A, ||| ik Pol yner React ant

React ant Feed #2 vvere be| ng prepared. \Wen the reactor kettle reached 88
[err]C, Feed A was fed to the reactor 2dver 2 minutes. |nmediately after

conpl etion of Feed A, Feed B was added to the reactor over 5 m nutes.
| medi ately at;t_mscorrpl etion of Feed B, Feed "CD' and Feed E were

si mul t aneousl| ylﬂeedxﬂ‘ﬁgﬁg or;;rea |sa§%q?ﬁ£g S| onré_ﬁrg &?a‘??;o gp&(ﬁc{)a?&;geed D

into Feed C.) ofistant 'Stirren ove
M nut es, whi | eondditionsefriresgradical instated edditompolymerization, eempPHEsingdne fieBtighout

the addition of Fe@sl C/fRst, ansbli@edzingansanhgdside avaroniBGvith an edyleniéallyr
conpl etion_of Feed E, the o C
p ﬁ% gf T S ROE IR oo

At that oT:‘ nt, PoI mer ‘Heact. e to
P y amount of anhydride monomer is between and %6‘ 6 { based on

the total monomer weight;
(b) followed by addition of base thereto;
(c) followed immediately by addition of between 0.001 and 2.0 moles of
10 diamine per mole of anhydride; and

(d) allowing the components to react

2. The method of claim 1, wherein the polymerization is conducted in an
aqueous medium, the copolymerization of the anhydride monomer with an
_ ethylenically unsaturated monomer is accomplished in the presence of surfactant,
15 and the base and diamine are added to the system before a significant portion of the
anhydride functionality of the polymer has hydrolyzed.

3. The method of claim 1, wherein the diamine comprises a compound of
formula:
R 1\
N—R3—R*

Rz/ M

20  wherein:
Ri=H;
R2= H, lower alkyl, optionally containing heteroatoms such as O, S or N, so long
as the group is non-reactive with respect to anhydrides;
R3 is an optional spacer group, and can be lower alkylene, optionally containing
25 secondary, tertiary or quaternary lower alkyl; and also optionally containing
heteroatoms such as O, S or N, so long as the group is non-reactive with
respect to anhydrides; '
Rt is a sterically hindered, optionally cyclic, amine that is non-reactive with
respect to anhydrides, and optionally includes non amine-reactive
30 substituents.
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over 5 m nutesTtmrediately-after the conpletion of _Polyner Reactant Feed
#1, Feed F was dded to the reactor over 5 mnutes. Immediately after the

conpl etion of F lalggact ant Feed #2 was adﬁmmm"ﬂ Mmﬁm
over 5 mnutes. "’ﬂﬁ ﬁmfn of Polymer Reactant tor
ea

tenperature was 60 [err]C for 4 hours to"as%i st

consunption of Pol yner t Feed #% and Pol yner React ant Feed #2 (The
consunption of Polyner Reactant Feeds can readily be nonitored during the

reaction by a conbinati on of gas chromat ography, potentionetric titration

and |R) The cqnt emesmeihouhﬂfcrmc&whewnem e lNREBvb el to 72Hefrderddonidragen-

filtered thr 0‘{,3{23 10n0/ §§5 Jrﬁ%% ?ﬁ&gx?%'ﬁut ARG ﬁéﬁ'hﬁ\mrécabﬂﬁeeé;?@pk 3h&xadad a

pH of 6.0, a ¥ I cle siz d
Brookfi el d vi b@e@iaf%%f’f FTORGHY [FE7ATY %ﬂ&g{?é?aré'dgw%?l%ﬁfk E{T}]evgﬁ u? i ons

per minute). kel loptiexalhvsorsainttzartomdry, teridey of quamarniewesalikehand adsoby
filtering 4hrg atllhecoglg(}nﬁg%egégéatgﬁégu§l?5@@”5 or KXeV/Kdz 2 fj{g réu 1S9

tabl e provide e reactor ar at ex | t t
i nvention. ThEeapRYCHR &SR f%(‘ﬂ'&ﬁaé‘ fs'laé‘dfpd'f’f‘(ﬂfggnﬁg%cep ¢ ﬂa }?ﬁnWﬁ%@
ami nopr opyl noothlenisi At hoPoinpnehinRersst gneupFeed #2 is replaced with
di met hyl am nopr opyl am ne. REACTOR CHARGE

5. The method of claim 4, wherein the diamine is selected from the group

consisting of: 3-diethylaminopropylamine, 3-dimethylaminopropylamine, N,N-

10  djethyl-N’-methylethylenediamine, N,N-diethylethylenediamine,
aminopropyldiethanolamine, 2-amino-3-diethylaminopentane, 4-(2-
aminoethyl)morpholine, aminopropylmorpholine, 1-amino-t-methylpiperazine, 2-
(aminomethyl)-1-ethylpyrrolidine, 4-aminomerpholine, 1-amino-4-(2-
hydroxyethyl)piperazine, N-aminohexamethyleneimine, triacetonediamine, N-butyl

15 triacetonediamine, 2-(aminomethyl)pyridine, 3-(aminomethyl)pyridine, 4-(amino-
methyl)pvridine, and 3-amino-2-methoxypyridine.

6. The method of claim 5, wherein the diamine is selected from the group
consisting of: 3-dimethylaminopropylamine, triacetonediamine, and N-butyl
triacetonediamine.

20 7. The method of claim 1, wherein the anhydride monomer is selected from
those that contain unsaturation and are capable of undergoing free radical
polymerization.

8. The method of claim 7, wherein the anhydride monomer is selected from the
group consisting of: citraconic anhydride, maleic anhydride, tetrahydrophthalic
25 anhydride, itaconic anhydride, acrylic anhydride, methacrylic anhydride, n-octenyl
succinic anhydride, n-decenyl succinic anhydride, n-dodecenyl succinic anhydride,
n-tetradecenyl succinic anhydride, n-hexadecenyl succinic anhydride, n-tricontenyl
succinic anhydride, nonenyl succinic anhydride, iso-hexadecenyl succinic
anhydride, and iso-octadecenyl succinic anhvdride.

30 9. The method of claim 8, wherein the anhydride monomer is selected from the
group consisting of: acrylic or methacrylic anhvdride.

o
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| NGREDI ENT AMOUNT (grans) Initial Charge Deionized water-
978. 6 Nonyl ph niumsalt 6.7 (58% Sodium | auryl
sulfate (28% Smhumacmaie

7.78 Feed A A
36.0 Feed B Acryl I l d (45% 150 nm) 7 I I II ﬁ‘m
Dei oni zed wat er 852. 8 hbnylphe

sul fate annonlun1salt

23

10. The acid- and amine-functional polymer formed by the free-radical initiated
addition polvmerization process of:

(a)  first, copolymerizing an anhydride monomer with an ethylenically
unsaturated monomer to produce an anhydride polymer, wherein the
amount of anhydride monomer is between 0.1% and 50.0 wt’% based
on the total monomer weight; '

(b) followed by addition of base thereto;

(9] followed immediately by addition of between of 0.001 and 2.0 moles of
a diamine, based on moles of anhyvdride and

wm

10 (d)  allowing the components to react.

11. The polymer of claim 10, wherein a second compound is added with the
diamine, such second compound selected from the group consisting of:
monoamines, monoalcohols, di-reactive diamines, diols, polyreactive polyamines,
'polyols, aminosilanes, and polyaminosilanes.

12. The steps or features disclosed herein or any combination thereof.
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(58% Feed D Butyl acrylate 910. 0 Met hyl

nmet hacryl ate 735.0 Methacrylic anhydride
87.5"Met hacrylic acid , inse 1 Deionized
wat er 50. 0 Feed E Aypgni um persul fa

1.0 Deioni zed wat er : n nyl phenol
et hoxyl ate 40 EO (70% 50..0 Pol yner Re cel’-’(yn’m)ni um
hydr oxi de (28% #4 35 Pol yme EL d #2

D net hyl am nopr opyl am ne 37.2 Deioni ter

157.5 The resultant filtered latex had a pH of 7.5, a solids content of
44.5 Wt %

ABSTRACT OF THE DISCLCSURE

PROCESS FOR PREPARING POLYMER COMPOSITIONS CONTAINING
BOTH ACID AND AMINE FUNCTIONALITY

Disclosed is a method for preparing an acid- and amine-functional pelymer
under conditions of free-radical initiated addition polymerization. The method
involves copolvmerizing an anhydride monomer with an ethylenically unsaturated
monomer to produce an anhydride polymer, followed by addition of base thereto,
followed immediately by addidon of a diamine, and allowing the components to

(V)]

react. The preferred medium is aqueous.
. Also disclesed is an acid- and amine-functonal polymer formed by the free-
radical inifated addition polymerization process described herein.

10

[TTHIS SHEEs wnr vt ]
REPLACED




part i cle size of 205 rum and a Brookfield viscosity of 70 centi poi se

(nunber one spindle at 60 revolutions per mnute). The
substantially free of coagulum as neasured by filteri
and 325 nesh screens. EXAMPLE 3 The fol | o Iaﬁ:‘I/e

charges for a |atex conmposition of the prée ity 3“%’
Exanple 1 is followed, except that thelam nopropyl nor
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React ant Feed #2 is re Iaced Wi n
| NGREDI ENTPROCESS FOR PREP g g‘ﬁ? ?é‘éﬁsﬂ %

wat e
978. 6 Nonyl phenol 4. 5EROTH ALID IFPNCHON‘%LW{SB% Sodi um
I7auryl sul fate (28% 13. 3 Sodi um acet ate
.78

BACKGROUND OF THE INVENTION

The present invention relates to novel acid- and amine-functional polyniers,
and a method for their preparation. This method is useful in aqueous systems, polar
solvent systems, non-polar solvent systems, or any combination thereof. The
method of the present invention is especially useful in preparing latex compositions,
as it involves incorporating an amine functionality into an anionically stabilized

latex.

The phrase “anionically stabilized latex” refers to a latex that derives _
colloidal stability from the presence of either adsorbed or chemically bound anionic
groups at or near the surface of the latex particle. Anionic stabilizers are usually
preferred over cationic stabilizers for latex synthesis as they are readily available,
are relatively low in cost, and provide a high degree of colloidal stability to the latex
at relatively low use levels. Yet, those skilled in the art of emulsion polymerization
are aware that imparting cationic properties to a latex can be very beneficial for
improving the performance properties of the resultant coatings.

Incorporation of amine functionality into an anionically stabilized latex is
very difficult. One known method is the use of amine-containing monomers with

acid-containing monomers during polymerization. The main

drawback to this is

that, with typical single stage anionic polymerizations, introduction of the strongly
basic, polar, amine-containing monomers results in the generation of cationic
polymeric species, which flocculate and coagulate the am‘om‘cally stabilized latex
particles to such a degree that resulting latexes have little or no commercial value.
In addition, there may be severe reactor clean-up problems due to accumulation of

excessive amounts of coagulum within the reactor.

US 3,404,114 (Snyder et al.) and US 4,760,110 (Das) both teach 2-stage -
methods for preparing acid- and amine-functional latexes without coagulation,
wherein an acid functional latex is formed first, then the pH of the emulsion is

raised by addition of base, and finally the amine functionality is introduced by

addition of an amine-functional monomer. The primary disadvantage to these

methods is that they are prepared by the 2-stage polymer process which isolates the

acid and amine moieties in separate polymer chains within the latex particle.

Certain types of acid-amine solution polymers are known, wherein amine

monomer, e.g., dimethylaminoethylmethacrylate, is polymerized with methacrylic



: 13 - Feed A Ammoni um persul fate 6.5 Dei-oni zed

wat er 36.0 Feed B Acrylic e
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150 nm 77.8 Feed C Deioni zed wat er
852. 8 Nonyl phenol 4.5EO sul fate amoni um s . o

Slbstitgre shgt 2
i\zn,rgn:q'unm%g%%ge Ieg'?alézr; cwaters The main limitation of thised:ypes of a 1d§0 0 Feed E

Butyl acrylate
polymers is that there are relatively few amine-functional monomers available.

STATEMENT OF THE INVENTION

The present invention is directed to a method for preparing an acid- and
amine-functional polymer under conditions of free-radical initiated addition
polymerization, comprising the steps of: (a) first, copolymerizing an anhydride
monomer with an ethylenically unsaturated monomer to produce an anhydride
polymer, wherein the amount of anhydride monomer is between 0.1 and 50.0 wt%
based on the total monomer wei'ghf; (b) followed by addition of base thereto; (c)
followed immediately by addition of between 0.001 and 2.0 moles of diamine per
mole of anhydride; and (d) allowing the components to react.

The present invention is also directed to an acid- and amine-functional
-polymer formed by the free-radical initiated addition polymerization process of: (a)
first, copolymerizing an anhydride monomer with an ethylenically unsaturated
monomer to produce an anhydride polymer, wherein the amount of anhydride
monomer is between 0.1 and 50.0 wt% based on the total monomer weight; (b)
followed by addition of base thereto; (c) followed immediately by addition of
between 0.001 and 2.0 moles of diamine per mole of anhydride; and (d) allowing the
components to react.

DETAILED DESCRIPTION OF THE INVENTION

As used in this specification, the following terms have the following
definitions, unless the context clearly indicates otherwise. “Latex” or “latex
composition” refers to a dispersion of a water-insoluble polymer which may be
prepared by conventional polymerization techniques such as, for example, by
emulsion polymerization, and “resin” refers to the polymer in the latex. “Acid-
amine polymer” or “acid- and amine-functional polymer” refers to a polymer
containing both acid and amine functionality; whereas, “acid-amine latex” or “acid-
and amine-functional latex” refers to a latex where the particles, but not necessarily
the individual polymer chains making up the particle, contain both acid and amine
functionality. “Diamine” refers to a compound containing at least two amine
groups, and thus includes triamines and so on. “Lower” used in conjunction with
alkyl or alkylene refers to Ci.1o. The following abbreviations are used throughout
this specification: nm = nanometers; g = gram(s); THF = tetrahydrofuran; and wt%
= percent by weight. Ranges specified are to be read as inclusive, unless specifically
identified otherwise. '
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' within the emulsion polymer. The amido portion of the amido-amine moiety is

generated by reacting the primary or non-hindered secondary amine end of the

diamine with the anhydride functionality in the emulsion polymer. The tertiary or

hindered secondary amine part of the diamine, which is not reactive with the

anhydride, is retained “as is,” thereby producing an emulsion polymer which

contains both an acid group and an amine group.

It has also been discovered that the analogous aminoalcohols which contain
an alcohol group capable of reacting with an anhydride coupled to a tertiary or
hindered secondary amine incapable of reacting with an anhydride will produce a
polymer containing both acid and amine groups. In this case the aminoalcohol
produces an ester amino group rather than an amido amine group. In general, the
reaction of anhydride polymers with alcohols typically proceeds at a much slower
rate than the reaction with the analogous amines, since amines are better
nucleophiles than alcohols.

The diamines capable of producing these acid-amine polymers are those
generally described by Formula (I), below:
R! ‘
> N—R3—R*
R? @
wherein:

Ri=H; .

R2= H, lower alkyl, optionally containing heteroatoms such as O, S or N, so long
as the group is non-reactive with respect to anhydrides;

R? is an optional spacer group, and can be lower alkylene, optionally containing
secondary, tertiary or quaternary carbons and also optionally containing
heteroatoms such as O, S or N, so long as the group is non-reactive with
respect to anhydrides; '

R4 is a sterically hindered, optionally cyclic, amine that is non-reactive with
respect to anhydrides, and optionally includes non amine-reactive
substituents.

As used in this specification, the term “non-reactive with respect to
anhydrides” refers to a group which is non-reactive to methacrylic anhydride, as



14 - REACTOR CHARGE | NGREDI ENT AMOUNT (g arps } Aitak-

Char ge Dei oni zed wat er 978. 6 ny ?enQL

4. 5EO sul fate ammoni um sal t 6.7 (58% Sodium |l auryl jsyl f£ e~ 8“%}7
13. 3 Sodi um acet ate . 7.7 BMW
persul fate 6. SSBBF‘%Ht?esﬁ'e\%fgé: t

36.0-Feed B Acrylic polyner seed (45% 150 nm 1 F8—Feed—€

Dei oni zed wat er
sul fat e detasmingddy the following test. gpmulvalent o? eac?l m\cxoﬁgle amme4 m50'1£e

of the diamine is reacted with 1 equivalent of methacrylic anhydride in water at 95
°C for 16 hours. At that time, the product is titrated for the methacrylic acid
byproduct. If the amine moiety is non-reactive, the products at the end of the 16
hour reaction will be 2 equivalents of methacrylic acid, and 1 equivalent of the
starting amine.

Preferred diamines of Formula (I) are those wherein: R* = -NR°R® or a 4- to 7-
membered nitrogen-containing ring, optionally substituted with non amine-reactive
groups such as heteroatoms or secondary, tertiary or quaternary lower alkyl; R3, R¢
= H, lower alkyl, optionally containing secondary, tertiary or quaternary lower
alkyl, and also optionally containing heteroatoms such as O, S or N, so long as the
group is non-reactive with respect to anhydrides; and provided that R® or R¢ can be
H only if the other is #-butyl or a more hindered group.

Some examples of diamines useful in the present invention are: 3-
diethylaminopropylamine, 3-dimethylaminopropylamine, N,N-diethyl-N"-
methylethylenediamine, N,N-diethylethylenediamine, aminopropyldiethanolamine,
2-amino-5-diethylaminopentane, 4-(2-aminoethyl)morpholine,
aminopropylmorpholine, 1-amino-4-methylpiperazine, 2-(aminomethyl)-1-
ethylpyrrolidine, 4-aminomorpholine, 1-amino-4-(2-hydroxyethyl)piperazine, N-
aminohexamethyleneimine, triacetonediamine, N-butyl triacetonediamine, 2-
(aminomethyl)pyridine, 3-(ammomethy1)pyndme, 4-(ammomethyl)pyndme, and 5-
amino-2-methoxypyridine. The most preferred diamines include: 3-
dimethylaminopropylamine, ammopropylmorphohne, triacetonediamine, and N-
butyl triacetonediamine.

The useful level of diamine that may be employed within the context of this
invention may be expressed in terms of the molar ratio of diamine to anhydride. The
useful molar ratio of diamine to anhydride ranges from 0.001 to 2 moles of diamine
per mole of anhydride. The preferred molar ratio-of diamine to anhydride ranges
from 0.01 to 1.5 moles of diamine per mole of anhydride, and the most preferred
molar ratio of diamine to anhydride ranges from 0.1 to 1.0 mole of diamine per mole
of anhydride. |

When less than a full equivalent of diamine is employed ( based on
anhydride), optional monoamines, monoalcohols, di-reactive diamines, diols,
polyreactive polyamines, polyols, aminosilanes, and polyaminosilanes di- may be
employed as co-reactants to facilitate modification of polymer properties such as
glass transition temperature and crosslinking. Suitable such compounds include but
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cyclohexylamine, [2-(cyclohexamino)sulfonic acid], octylamine, decylamine,
dodecylamine, hexadecylamine, octadecylamine, propargylamine, allylamine, -
diglycolamine, ethylenediamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, 1-(2-aminoethyl)piperazine, N-(2-aminoethyl)-1,3- |
propanediamine, 4-(aminomethyl)piperidine, 1,2-diaminopropane,1,3-
diaminopropane, 3,3’ -diaminodipropylamine, 1,4-diaminobutane, 1,6-hexane
diamine, 1,7-diaminoheptane, 1,8-diaminooctane, 1,9-diaminononane, 1,10-
diaminodecane, 1,12-diaminododecane, 1,2-diaminocyclohexane, N,N-
diethylethylenediamine, ethylene glycol, diethylene glycol, Jeffamine® C-346,
Jeffamine® D-230, Jeffamine® D-400, Jeffamine® D-2000, Jeffamine® D-4000,
Jeffamine® DU-700, Jeffamine® ED-600, Jeffamine® ED-900, Jeffamine® ED-2001,
Jeffamine® ED-4000, Jeffamine® ED-6000, Jeffamine® EDR-148, Jeffamine® T-403,
Jeffamine® T-3000, Jeffamine® T—5000, hexamethylene-bis-triacetonediamine, -
Polymin FG®, Polymin FG-5G®, Polymin P, Polymin PR-971®, Polymin G-35-5G®,
1,7-heptanediol, 1,2,3-heptanetriol, 1,8-octanediol, 1,9-nonane diol, 1,10-decane diol,
1,12-dodecanediol, 1,16-hexadecanediol, triethylene giycol, tetraethylene glycol,
propylene glycol, dipropylene glycol, tripropylene glycol, tetrapropylene glycol,
butane diol, 1,5-pentane diol, 1,6-hexane diol, polyhydroxyethylacrylate and
copolymers thereof, polyhydroxyethylmethacrylate and copolymers thereof, poly-
hydroxypropylacrylate and copolymers thereof, poly-hydroxypropylmethacrylate
and copolymers thereof, polyvinylalcohol and copolymers thereof, ethanolamine,
diethanolamine, 2-(2-aminoethoxy)ethanol, 2-(2-aminoethylamino)ethanol, 2-(2-
aminoethylamino)isopropanol, N-aminoethylisopropanolamine, 2-amino-2-ethyl-
1,3-propanediol,1-amino-4-(2-hydroxyethyl)piperazine, 6-amino-1-hexanol,
aminomethanetrimethanol, 5-amino-1-pentanol, 2-amino-1-pentanol, 2-
aminophenol, 3-aminophenol, 4-aminophenol, N-methylaminopropyl-
trimethoxysilane, methyl[2-(3-trimethoxysilylpropylamino)-ethylamino]-3-
propionate, N-(3-acryloxy-2-hydroxypropyl)-3-aminopropyltriethoxysilane, 4-
aminobutyldimethylmethoxysilane, 4-aminobutyltriethoxysilane,
(aminoethylaminomethyl)phenylethyltrimethoxysilane, N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane, N-(6-aminohexyl)aminopropyl-trimethoxysilane, 3-
aminopropyldimethylethoxysilane, 3-aminopropylmethyldiethoxysilane, 3-
aminopropyldiisopropylethoxysilane, 3-aminopropyltriethoxysilane, 3-
aminopropyltrimethoxysilane, bis(2-hydroxyethyl)-3-aminopropyltriethoxysilane,
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In addition, catalysts may be employed, if desired, to increase the rate of
reaction of the amines and alcohols with the anhydride polymer.

The anhydride monomers useful in the present invention are those that
contain unsaturation and are capable of undergoing free radical polymerization. .
The anhydride monomer may be an unsaturated open chain anhydride or an
unsaturated cyclic anhydride. Some examples of unsaturated énhydride monomers
are citraconic anhydride, maleic anhydride, tetrahydrophthalic anhydride, itaconic
anhydride, acrylic anhydride, methacrylic anhydride, 7-octenyl succinic anhydride,
n-decenyl succinic anhydride, n-dodecenyl succinic anhydride, n-tetradecenyl
succinic anhydride, n-hexadecenyl succinic anhydride, n-tricontenyl succinic
anhydride, nonenyl succinic anhydride, iso-hexadecenyl succinic anhydride, and iso-
octadecenyl succinic anhydride. The preferred anhydride monomers for use in this
invention are acrylic or methacrylic anhydride.

The amount of anhydride monomer employed during the polymerization
may range from 0.1 to 50.0 wt%, based on the total monomer weight. Itis preferred
to use from 0.5 to 35.0 wt% of the anhydride monomer; and most preferred to use
from 1.0 to 10.0 wt%.

Typical comonomers that are useful in this invention are those that are
capable of undergoing free radical poiymerization with the aforementioned
anhydride monomers. As used in this specification, the term “acrylic” is used in a
general sense to describe polymers wherein at least one of the monomers is of the
acrylic or methacrylic type, including acrylic and methacrylic acids, esters of acrylic
acid or methacrylic acid, and substituted derivatives thereof. “(Meth)acryl-”
includes both acrylic and methacrylic derivatives." Such monomers are well known
in the art. Examples of such acrylic monomers include: alkyl (meth)acrylates such
as methyl methacrylate, ethyl acrylate, methyl acrylate, N-butyl acrylate, 2-
ethylhexyl acrylate, lauryl acrylate, cyclohexyl acrylate, isopropyl acrylate, isobutyl
acrylate, N-amyl acrylate, N-propyl acrylate, ethyl methacrylate, N-propyl
methacrylate, N-butyl methacrylate, 1sopropyl methacrylate, N-octyl methacrylate,
dodecyl methacrylate, neopentyl acrylate, N—tetradecyl acrylate, N-tetradecyl
methacrylate, isobutyl methacrylate, N-amyl methacrylate, N-hexyl methacrylate,
isoamyl methacrylate, cyclopentyl methacrylate, N-decyl methacrylate, and the like;
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2-phenylethyl methacrylate, 3-methoxybutyl acrylate, 2-methoxybutyl methacrylate,
and 2-N-butoxyethyl methacrylate; active hydrogen-functional monomers including
hydroxy-substituted (meth)acrylates such as 2-hydroxyethyl acrylate and 3- '
hydroxypropyl acrylate; (meth)acrylate including sulfonic acids such as sulfoethyl
methacrylate, and sulfopropyl acrylate; and phosphoric acids such as 2-
phosphoethyl (meth)acrylate.

Additional comonomers which can be used in the present invention include:
butadiene, styrene, alpha-methyl styrene, sodium styrene sulfonate, vinyl toluene,’
acrylonitrile, methacrylom'trﬂe, alpha-chloroacrylonitrile, ethyl acrylonitrile, methyl
vinyl ether, isopropyl vinyl ether, N-butyl vinyl ether, isobutyl vinyl ether, t-butyl
vinyl ether, 2-ethylhexyl vinyl ether, 4-hydroxybutyl vinyl ether, 1 4—butaneglvcol
divinyl ether, diethyleneglycol divinyl ether, vinyl esters such as vinyl acetate, vinyl
versatate, vinyl propionate, vinyl butyrate, vinyl isobutyrate, vinyl caproate, vinyl 2-
ethylhexonate and vinyl decanoate; allyl chloride, methallyl chloride, vinylidene
chloride, vinyl chloride, vinyl fluoride, vinylidene fluoride, sodium vinyl sulfonate,
butyl vinyl sulfonate, phenyl vinyl sulfone, methyl vinyl sulfone, N-vinyl
pyrrolidinone, N-vinyl oxazolidinone, acrolein, acrylamide, methacrylamide, N,N-

“ dimethyl(meth)acrylamide, methylolacrylamide, N-butoxy(meth)acrylamide,
isobutoxy(meth)acrylamide and the like, allyl triethoxysilane, allyl
tris(trimethylsiloxy) silane, 3-acryloxypropyltrimethoxy silane, and the hke, esters of
other ethylenically unsaturated carboxylic acids such as dialkyl and trialkyl esters of
di-and tri-carboxylic acids such as itaconic acid and the like, including di(2-
ethylhexyl) maleate, dimethyl fumarate, dimethyl itaconate, diethyl citraconate,
trimethyl aconitate, diethyl mesaconate, di(2-ethylhexyl) itaconate, and di-(2-
chloroethyl) itaconate.

These types of monomers are typically polymerized in the presence of water-
soluble or oil-soluble initiators. Examples of useful initiators include: persulfates,
peroxides, hydroperoxides, percarbonates, peracetates, perbenzoates, azo-functional
compounds and other free-radical generating species. '

The base component can be any base capable of neutralizing methacrylic acid
and reacting with the polymeric anhydride. Examples of suitable bases include:
ammonia, alkali or alkaline metal hydroxides, Ci3 alkyl- or dialkyl-amines,
ethanolamine, diethanolamine, N-methylethanolamine, and hydroxylamine. Itis
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In general, the process of the present invention involves free-radical initiated

addition polymerization. Although the polymerization is preferably conducted in
an aqueous medium, polar or non-polar organic solvents, or combinations thereof,
may also be employed. As such polymerization techniques are well known to those
skilled in the art, they will not be further discussed herein; however, the _
modifications employed in the method of the present invention are summarized
below. First, an anhydride monomer is copolymerized with an ethylenically
unsaturated monomer in the appropriate medium to produce an anhydride
polymer. At that point, base is introduced into the system, followed immediately by
addition of a diamine, and the components are allowed to react. In a system where
water or a polar solvent is present in the medium, the anhydride polymer is subject
to attack by the medium; therefore, addition of base and the diamine must be made
before the anhydride polymer has significantly decomposed.

o

Where an aqueous medium is utilized, dispersions of these resins may be in
the form of single or multi-staged particles. Multi-staged particles will comprise at
least two mutually incompatible copolymers having any of a number of
morphological configurations — for example: core/shell; core/shell particles with
shell stages incompletely encapsulating the core; core/shell particles with a
multiplicity of cores, interpenetrating network particles; and the like, where the
greater portion of the surface area of the particles will be occupied by at least one
outer stage, and the interior of the pérticle will be occupied by at least one inner
stage.

Surfactants are commonly used in emulsion or dispersion polymerization to
provide stability, as well as to control particle size. Conventional surfactants
include anionic or nonionic emulsifiers or their combination. Typical anionic
emulsifiers include but are not limited to: “alkali or ammonium alkyl sulfates, alkali
or ammonium alkylether sulfates, alkali or ammonium alkylarylether sulfates, alkyl
sulfonates, salts of fatty acids, esters of sulfosuccinic acid salts, alkyl diphenylether
disulfonates, and salts or free acids of complex organic phosphate esters. Typical
nonionic emulsifiers include but are not limited to: polyethers, e.g. ethylene oxide
and propylene oxide condensates which include straight and branched chain alkyl
and alkylaryl polyethylene glycol and polypropylene glycol ethers and thioethers;
alkyl phenoxypoly(ethyleneoxy) ethanols having alkyl groups containing from
about 7 to about 18 carbon atoms and having from about 4 to about 100 ethyleneoxy
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Other optional components that can be included in this invention include co-
solvents, pigments, fillers, dispersants, curing agents ,wetting agents, anti-foam
agents, UV absorbers, antioxidants, biocides, and stabilizers.

Curing agents or mixtures thereof may be employed to control the polymer
molecular weight development before or after film formation. Typical curing agents
that are reactive with anhydrides are diamines, triamines, tetraamines, etc. diols,
triols, tetraols, etc. aminoalcohols, aminosilanes, where more than one of the
functional groups within the curing agent molecule is reactive with anhydride or
with itself and forms a covalent crosslink. These optional curing agents may be
added tot he final latex product after it has cooled to room temperature. When the
curing agent is an amine, it may be added to the latex either as the free amine or its
analogous salt. Preferred salts are acetate, formate, lactate, or bicarbonate.

In preparing the acid-amine polymers of the present invention, any
chain-transfer agent, or mixtures thereof, may be used to control molecular weight.
Suitable chain transfer agents include, for example, Ci.12 alkyl or functional alkyl
mercaptans, alkyl or functional alkyl mercaptoalkanoates, or halogenated
hydrocarbons, and may be employed in the polymer at levels of 0.1 - 10 wt%, based on -
the weight of the polymer. '

The polymers of the present invention are especially useful in compositions
for the tanning, retanning or other stages of leather wet-end processing, and in
polish and coating compositions. '

The following examples are presented to illustrate further various aspects of
the present invention, but are not intended to limii; the scope of the invention in any
respect.

EXAMPLE 1

The following table provides the reactor charges for a latex composition of
the present invention.
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INGREDIENT AMOUNT (grams)
Initial Charge .
Deionized water 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%) :
Sodium lauryl sulfate (28%) 133
Sodium acetate 7.78
Feed A |
Ammonium persulfate 6.5
Deionized water 36.0
Feed B
Acrylic polymer seed (45%; 150 nm) 77.8
Feed C )
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
: Feed D
Butyl acrylate 910.0
Methyl methacrylate 735.0
Methacrylic anhydride _ 875
Methacrylic acid : 17.5
Rinse 1
Deionized water .. 50.0
' Feed E
Ammonium persulfate 1.0
Deionized water - 60.0
' Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
Polymer Reactant Feed #1
Ammonium hydroxide (28%) ' 12.35
Polymer Reactant Feed #2
Aminopropylmorpholine 525
Deionized water ) 157.5

The initial reactor charge was heated, with stirring, to 85-88 °C under a
nitrogen blanket while Feeds A, C, D, E, and F, Polymer Reactant Feed #1, and
Polymer Reactant Feed #2 were being prepared. When the reactor kettle reached 88
°C, Feed A was fed to the reactor over 2 minutes. Immediately after completion of
Feed A, Feed B was added to the reactor over 5 minutes. Immediately after-
completion of Feed B, Feed “CD” and Feed E were simultaneously begun. (Feed
“CD” is the emulsion produced by mixing Feed D into Feed C.) Feed C/D was
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Feed F was added to the reactor over 5 minutes. Immediately after the completion
of Feed F, Polymer Reactant Feed #2 was added to the reactor over 5 minutes. After
completion of Polymer Reactant Feed #2, the reactor temperature was maintained at
60 °C for 4 hours to assist in the consumption of Polymer Reactant Feed #1 and
Polymer Reactant Feed #2. (The consumption of Polymer Reactant Feeds can
readily be monitored during the reaction by a combination of gas chromatography,
potentiometric titration and IR.) The contents of the reactor were then cooled to 25
°C and filtered through 100/325 mesh screens. -

The resultant filtered latex had a pH of 6.0, a solids content of 45.0 wt%,
particle size of 200 nm, and a Brookfield viscosity of 20 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantiall}} free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

EXAMPLE 2
. The following table provides the reactor charges for a latex composition of
the present invention. The procedure of Example 1 is followed, except that the
aminopropylmorpholine in Polymer Reactant Feed #2 is replaced with
dimethylaminopropylamine.

REACTOR CHARGE
INGREDIENT AMOUNT m_
Deionized water _ 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%)
Sodium lauryl sulfate (28%) 13.3
Sodium acetate 7.78
Feed A
. Ammonium persulfate 6.5
Deionized water 36.0
Feed B

Acrylic polymer seed (45%; 150 nm) - 778
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Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
Feed D
Butyl acrylate 910.0
Methyl methacrylate . 735.0
Methacrylic anhydride 87.5
Methacrylic acid : 17.5
Rinse 1
Deionized water 50.0
Feed E
Ammonium persulfate : 1.0
- Deionized water : ' 60.0
‘ Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
Polymer Reactant Feed #1
Ammonium hydroxide (28%) 12.35
Polymer Reactant Feed #2
Dimethylaminopropylamine . 37.2

Deionized water 157.5

The resultant filtered latex had a pH of 7.5, a solids content of 44.5 wt%,
particle size of 205 nm, and a Brookfield ﬁScosiW of 70 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

EXAMPLE 3
The following table provides the reactor charges for a latex composition of

the present invention. The procedure of Example 1 is followed, except that the
aminopropylmorpholine in Polymer Reactant Feed #2 is replaced with triacetone

diamine.
REACTOR CHARGE
INGREDIENT AMOUNT (grams)
) Initial Charge
Deionized water ' 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%)
Sodium lauryl sulfate (28%) 13.3

Sodium acetate 7.78



I'—'eed-E Ammoni um persul fate 0. 64 Dei onyrzed
43.5 Feed F Deioni zed Wt er 3223. 2 |PBE ?hﬁ&'&%t%f
Feed #1 Anmoni um hydr oxi de (28% 3. 46 PoI ymag React ant Fee

j

Y%

#2 Di met hyl ami nopr opyl ami ne ﬁggﬁﬁﬁ?ﬂﬁgwg

was heated, with stirring, to 85-88 [err]g %ltutegﬁe roge
Feeds A, C, D, E, and F, Polyner Reactggt_ Feed #1, and Pol yner React ant

Feed #2 were being prepared. Wen tgg Ezaetor kettle reachgd 88 Jerr] C

Feed A was fed to the reactor over tes. Imediajgly arter conpletion

of Feed A~ Feed Bovpeniymaegulfale t he reactor over 5 nmintfes. |nmediately :

after conpl eti onDefoniZzedwaltr Feed "CD' and Feed E wer 868j nul t aneously begun.

(Feed "CD" is the emulsion produced hxqmi xi ng Feed D into Feed C.) Feed CD

was added, with NS R 60 minutes, whgle maintaining the
%ryié g{;ﬂ,é%u[a&& (4?9 ;158

reaction tenperature Cthrou hout the addltlon of Feed C/' D, and

Feed E was added over 70 m nutes. onpletion of Feed E, the contents
of the reactor wbeionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
Feed D _
Butyl acrylate 910.0
Methyl methacrylate 735.0
Methacrylic anhydride ' 875
Methacrylic acid 175
Rinse 1
Deionized water 50.0
Feed E ]
Ammonium persulfate 1.0
Deionized water 60.0
Feed F
Nonylphenol ethoxylate 40 EO (70%) : 50.0
Polymer Reactant Feed #1
Ammonium hydroxide (28%) 12.35
Polymer Reactant Feed #2
Triacetonediamine 56.9
Deionized water ' 1575

The resultant filtered latex had a pH of 7.9, a solids content of 45.0 wt’,
particle size of 210 nm, and a Brookfield viscosity of 40 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

EXAMPLE 4 -

The following table provides the reactor charges for a latex composition of
the present invention. The procedure of Example 1 is followed, except that the
aminopropylmorpholine in Polymer Reactant Feed #2 is replaced with N-butyl
triacetone diamine.
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conpl etion of Polynmer Reactant Feed #2 éhésségﬁ‘lt& gﬁpeé% Ip
mai nt ai ned at 90 [err]Cfor 8 hours tola sist in the consurrp
React ant Feed # '

React ant Feeds can readily be nonif
conbi nati on of gas chr onat DNGREL

‘he reactlon by a
otent | orretrlmm ms)and | R ) The

contents of the reactor were then O\ Bflarbd® 2° Cand filtered through
100/ 325 nesh scresns T‘pe resultan ed |atex hggha pHof 7.2, a
solids content of 5}0 rtlcl e size of 254 nm and a Brookfi el d
viscosity of 16,0 g‘ég‘?ﬁ" teApEeonfuBtals ni ndl e at®30 revol utions per
m nute). The | atex ubstantially free of coagulum as neasured by
filtering throughSadiem lyaylswlfats@8%hesh screens. The rBulting |atex was
readi | y convert edSddmim acetge| ut i on pol yner with either 7#8i d or base. - 19
B : : Feed A
Ammonium persulfate 6.5
Deionized water 36.0
Feed B
Acrylic polymer seed (45%; 150 nm) 77.8
Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
Feed D
Butyl acrylate 910.0
Methyl methacrylate 735.0
~ Methacrylic anhydride 87.5
Methacrylic acid 175
' Rinse 1
Deionized water 50.0
: _ Feed E
Ammonium persulfate 1.0
Deionized water 60.0
' Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
Polymer Reactant Feed #1
Ammomu.m hydroxide (28%) . 12.35
Polymer Reactant Feed #2
N-Butyl triacetonediamine 77.3
Deionized water ' 157.5

The resultant filtered latex had a pH of 8.0, a solids content of 44.5 wt%,
particle size of 205 nm, and a Brookfield viscosity of 40 centipoise (number one
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.



EXANPLE 8 The follow ng tabl e provides the reactor charges—et
conposi tion of the present invention. The procedure of Ex nBEBLEBf‘:ﬁMENT SHEET

fol | oned, except that the am nopropyl norpholine in PoI yner aet-anmt—Feed 2
I S AT, & R S hedt R LR I8
(Ngaslwggielng: tiAfagEgthlg?a'?Zl gmnz)ﬁtjuvn\?gglrt 15 - 6.7 (58% Sodi um | aurgll&
sulfate (28% 1PAMPLES acetate

\Z\/ézgr Feed A ATIRTLHBWARL bk Prbvides the ggacbto&eh%r%s ora atex go éﬂ% gg' zed..

(45% 15thepgesent invention. The proceduge of Example 1 is followed, except that the
methacrylic anhydride level is decreased by 50% (from 5 to 2.5 wt% based on

monomers), and the aminopropylmorpholine in Polymer Reactant Feed #2 is

decreased by 50%.
REACTOR CHARGE
INGREDIENT AMOUNT (grams)
Initial Charge
Deionized water ' 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%)
Sodium lauryl sulfate (28%) 133
Sodium acetate 7.78
Feed A
Ammonium persulfate 6.5
Deionized water . 36.0
Feed B
Acrylic polymer seed (45%; 150 nm) 77.8
. Feed C
Deionized water - . 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
Feed D
Butyl acrylate 910.0
Methyl methacrylate 778.7
Methacrylic anhydride ' 43.7
Methacrylic acid 175
Rinse 1
Deionized water : ~ 500
Feed E
Ammonium persulfate ) 1.0
Deionized water 60.0
Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
: Polymer Reactant Feed #1
Ammonium hydroxide (28%) 12.35
Polymer Reactant Feed #2
Aminopropylmorpholine 26.2

Deionized water ' 157.5




Dei oni zed wat er 852. 8 Nony

sul fate amoni um sal t 26.6 (58% Feed D Butyl acr
910.0 Methyl nmethacryl ate 778.]7
anhydri de 43.7 tha%cr | i £ aci
17.5 Rinse 1 Deioni zed water ubstitute sheet -

Ammoni um persul fate 1.0 Dei omi
60. 0 Feed F Nonyl phenol et hoxyl ate 40728 (70% 50. 0 Pol yner
React ant FeedThé résudtaritfittergd datex dad(£pH of 8.2, a solids content of 45.0 wi, 35

g O|6¥ Ter pRgﬁ?cIng&e F&%o%ﬂmd‘? %Qgﬂﬁgﬂrﬂg%giﬂﬁof 20 centipoise (number one
' spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

EXAMPLE 6

The following table provides the reactor charges for a latex composition of
the present invention. The procedure of Example 1 is followed, except that the
methacrylic anhydride level is doubled (from 5 to 10 wt% based on monomers), and
the aminopropylmorpholine in Polymer Reactant Feed #2 is also doubled. In
addition, the solids level is lowered from 45 to 38 wt% by adding additional water
with Polymer Reactant Feed #2.

REACTOR CHARGE
INGREDIENT AMOW)
: Initial Charge
Deionized water : 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%) ‘
Sodium lauryl sulfate (28%) _ 13.3
Sodium acetate 7.78
. Feed A
Ammonium persulfate " 6.5
Deionized water 36.0
Feed B
Acrylic polymer seed (45%; 150 nm) 77.8
Feed C
Deionized water 852.8
Nonylphenol 4.5EO sulfate ammonium salt 26.6
(58%)
Feed D
Butyl acrylate : 910.0
Methyl methacrylate 647.6
Methacrylic anhydride 174.8
Methacrylic acid 175
Rinse 1
Deionized water 50.0
Feed E )
Ammonium persulfate 1.0

Deionized water ' 60.0



Dei oni zed wat er 15.75 -0~ —Arted™
Curing Agent Jeffam ne[err] D400 37. t 1O |

wat er 141.8 The resultant filteref I a%ei)e%ad @FFSH o]
9.5, a solids content of 45.0 wt % particlg,si.ze, of, 200 i o
Brookfield viscosity of 30 centi poi se (nur%lébrs%%e glﬂ?%td'l 'gla§ %n’rf%?/ro?%??on
per mnute). The latex was substantiallyy free of coagul um—as™mEastred by
filtering through the 100 and 325 nesh reens. The resulting latex film
after drying 10 days at roomtenpera - was insolu in a solution of
95% THF 7 4% wat erNenyiphepe! ethoxlae 40 EQL7%) o hi ghl y cu?’é‘ﬁ/crossl i nked acryli.c

film The filmgenerated from pélemeORdatiaht Reed #1rer in Exanple 5 (with no
curing agent) wasrsRbMihydroxideq2ssl ution of 95% THFA2886 water / 1% HO ,

i ndi cati ve of an uncrossli nkedpgll rlngzl'ReactantFeed#Z

Aminopropylmorpholine 104.8
Deionized water ) 1131.2

The resultant filtered latex had a pH of 8.0, a solids content of 38.0 wt%,
particle size of 211 nm, and a Brookfield viscosity of 8,500 centipoise (number 4
spindle at 60 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens.

EXAMPLE 7

The following table provides the reactor charges for a latex composition of
the present invention. In this example, the methacrylic anhydride level is 30.6%
based on total monomers, and the reactant feed #2 is 1 equivalent of
dimethylaminopropylamine (based on methacrylic anhydride). The procedure is

described below.
REACTOR CHARGE
INGREDIENT AMOUNT (grams)
Initial e
Deionized water . 782.1
Feed A
Ammonijum persulfate N 0.33
Deionized water _ 10.0
Feed B :
Acrylic polymer seed (32.5%; 175 nm) ) 52.6
Feed C
Deionized water , 367.9
Nonylphenol 4.5EO sulfate ammonium salt 18.2
. (58%) '
Feed D
Ethyl acrylate 261.8
Methyl methacrylate " 88.9

Methacrylic anhydride 154.8



:21 - CLAIM5 1. A nethod for preparing an acid- and am ne-functional -

pol ynmer under conditions of free-radical initiated addi t-i-eﬂ-pgl-yae.n.l_zaun:
conprising the steps of. (a) first, copolynerizing an aHkﬁE{?ﬂAﬁMﬁNﬁoﬁﬁgET

wi th an ethyl enically unsaturated nononer : ,
wherein the anount of anhydri de nononer iségtég\;\ggﬁc%e%@ AN ?%f&% %};Q‘?s d
on the total nononer weight; (b) followpgl by addition o ase therets! (c

foll owed i mMmedi ately by addition of hgisgen 0.001 and 2;0 ne
per nole of anhydyide..qapded d) all owing the conponentggdo react 2. The
met hod of claim1, erein the polynerization i s conduct edt—Tmamacteods
medi um the copol yneri zation of the aﬁ%&ri de nononmer with an ethylenically
unsat ur at ed nmonondmmosiugrpessiifateshed in the presence of®®urfactant, and the
base and di am ne Deienizeddedtert 0 t he system before a si géiFicant portion of
the anhydride functionality of the polygpr has hydrolyzed. 3. The nethod of

claim1, wherein bgl%m%gwagg conprises a conpound 0fyp9q 9

Polymer Reactant Feed #1

Ammonium hydroxide (28%) 346
Polymer Reactant Feed #2
Dimethylaminopropylamine 102.7

The initial reactor charge was heated, with stirring, to 85-88 °C under a
nitrogen blanket while Feeds A, C, D, E, and F, Polymer Reactant Feed #1, and
Polymer Reactant Feed #2 were being prepared. When the reactor kettle reached 88
°C, Feed A was fed to the reactor over 2 minutes. Immediately after completion of |
Feed A, Feed B was added to the reactor over 5 minutes. Immediately after
completion of Feed B, Feed “CD” and Feed E were simultaneously begun. (Feed
“CD” is the emulsion produced by mixing Feed D into Feed C.) Feed C/D was
added, with constant stirring, over 60 minutes, while maintaining the reaction
temperature at 85 °C throughout the addition of Feed C/D; and Feed E was added
over 70 minutes. After completion of Feed E, the contents of the reactor were held
for 30 minutes at 85 °C. At that point, Feed F was added to the reactor over 5
minutes and Polymer Reactant Feed #1 was added to the reactor over 5 minutes.
Immediately after the completion of Polymer Reactant Feed #1, Polymer Reactant
Feed #2 was added to the reactor over 5 minutes. After completion of Polymer
Reactant Feed #2, the reactor temperature was maintained at 90 °C for 8 hours to
assist in the consumption of Polymer Reactant Feed #1 and Polymer Reactant Feed
#2. (The consumption of Polymer Reactant Feeds can readily be monitored during
the reaction by a combination of gas chromatography, potentiometric titration and
IR.) The contents of the reactor were then cooled to 25 °C and filtered through
100/325 mesh screens.

The resultant filtered latex had a pH of 7.2, a solids content of 11.2 wt%,
particle size of 254 nm, and a Brookfield viscosity of 16,000 centipoise (number four
spindle at 30 revolutions per minute). The latex was substantially free of coagulum,
as measured by filtering through the 100 and 325 mesh screens. The resulting latex
was readily converted into a solution polymer with either acid or base.



formula: [err] wherein: Rerr] = H Rerr] = H |ower WHPLAGpMEﬁmaQ;HyT
contai ning heteroatoms such as O S or N so long as the pf
non-reactive with respect to anhydrides; R err is an opti 3n2 up,

t er‘t’T ar y8 or

|~£9

and can be |ower al kylene, optionally containing secon ar
gquaternary | ower alkyl; and al so optionall Join g} gtib
O S or N so long as the group is non- res/'ftlgve %?h@ Ispect to anhydri deg
Rlerr] is a sterically hindered, optionally cyclic, am ne 't hat—s
non-reactive with respect to anhydri des,1%and optionally includes non
am ne-reactive substituents. - 2EXAMPLES nethod of claim 3 wher ei n:
Rlerr] = -NR[err] R err] nitrogen 0 | BQ,
optional Iy suddeife p@/dngnt@ﬂemﬂvgfﬁs,{ge,rg%@p{glé 3%'5 lﬂ‘gﬁ% osiior of
the present invention. The procedure of Example 5 is fo]lowed except that the

aminopropylmorpholine in Polymer Reactant Feed #2 is substantially decreased and
a curing agent is post added to the final latex after cool down.

REACTOR CHARGE
INGREDIENT AMOUNT (grams) _
Initial Charge
Deionized water _ 978.6
Nonylphenol 4.5EO sulfate ammonium salt 6.7
(58%)
Sodium laury] sulfate (28%) 13.3
Sodium acetate 7.78
_ Feed A
Ammonium persulfate 6.5
Deionized water 36.0
Feed B
Acrylic polymer seed (45% 150 nm) 77.8
Feed C _
Deionized water 852.8
" Nonylphenol 4.5EO sulfate ammonium saIt 26.6
(58%)
Feed D
Butyl acrylate - 910.0
Methyl methacrylate 778.7
Methacrylic anhydride 43.7
Methacrylic acid 17.5
Rinse 1
Deionized water 50.0
Feed E
Ammonium persulfate 1.0
Deionized water 60.0
Feed F
Nonylphenol ethoxylate 40 EO (70%) 50.0
: Polymer Reactant Feed #1
Ammonium hydroxide (28%) : 12.35
" Polymer Reactant Feed #2
Ammopropylmorphohne : 2.62

Deionized water

15.75




het er oat ons or secondary, tertiary or quaternary |lower alkyl; Rerr];
Rlerr] = H lower alkyl, optionally containing secondary, tﬁé
guaternary |l ower alkyl, and al so optionally containing hefe 2k
O Sor N solong as the group is non- r tive with re -
anhydri des; and provided that R err] or R%aél'ﬁﬁt'\{%?ns'ﬁ%e%g I

is t-butyl or a nore hindered group. 520TFhe nethod of cla

"% 1%33 :

4, iher o 13f h
diamne is selectedfromtheggsgdogistiR f 3-di et hyf am nopr }
3- di met hyl ami nopr.opy! ani pe Nh%ﬁy‘é‘*ﬁ“‘-*n%“ﬁyl et hyl enddi_ami

Ieftained} oo §?E

N, N- di et hyl et hyl am nopr opyl di et hanol am n
2- am no- 5- di et hy [Refinipedavatenine, 4- (2- ani noet hyl) nor péd i ne,

am nopr opyl nor A8 } } R

(am nonet hyl ) - 1- et hyl pyrrol i di ne, 4-am nonorpholine, 1-am no-4-(2-
hydr oxyet hyl )Fheresultantfiltbrediatehbad aqHdf Siip iarsiolids contexd of dbhdowa¥i ne,

N- but yl i ] ' € and a( BYY et . .
Dt BN AMAS gnd  BHUSGE DR bERDEentpose (rumbercne
5- ani noSpindleas S sevelmtions per nyunate)et Hagilagex wWagisubstaniiplly dree efiroagulimne i s
sel ect e@smh&aSulré® bg*’ﬂﬂﬂ&iﬁ%ﬂ&io&tghr&em)om 305 kiR sireens. he eulting latex
triacet gpedi n .anq ut¥l tri acetongg%am ne. i.bThe meghﬁd ofgg%al m 1,
wher oi n i SRR AYIAE 10SiRgRat oenEmBsFaRTE WAt dinslubleil seltfian o
unsat ur JHD{4%nwatere/ 1% FE], dndicatived of gdiighlyf curedy/ arbssbihked acrylic film. The

film generated from the control polymer in Example 5 (with no curing agent) was

soluble in the solution of 95% THF / 4% water / 1% HC], indicative of an

uncrosslinked film. '




sel ected fromthe gr mg of citraconic anhydri de, | @2 SEP 1897

pol yreri zatlon 8. The nmethod of claim7, wherein the anhyd :T§e rmnorrér I S
crylic

anhydri de, tetr ”m’"ﬂ hydri de, itaconic anhydride
anhydri de, met M n- oct eny W] hy.
succi ni ¢ anhydride,® ntdodec ﬁsucm nic: a%HBgﬁﬁég,S%ﬁ%?et% eg’ Pgsucm nic

anhydri de, n-hexadecenyl succinic anhydride, n-tricontenyl succinic

anhydride, nonenyl succinic anhydride- Z1se- hexadecenyl succinic anhydride,
and i so-octadecenyl succinic anhydride. 9. The nethod of claim8, wherein
t he anhy€lAIME nononer is selected fromthe group consisting of: acrylic or

ami - und) P e e on
pol yner |C;5mdl€ﬁnf)P frebgagical (rapa lhmm% COMPIIHYE theiateRs ffner
with an ethyl )i cafikst, esjsoliinerizing Hﬁmﬁl@ﬂﬁdb mondnted vaithamhetilyleddcadbt yner,
wherein the unsaturated monomer to produce an anhydride polymer, wherein the
. amount of anhydride monomer is between 0.1 and 50.0 wt% based on
the total monomer weight; '
(b) followed by addition of base thereto;
(c) followed immediately by addition of between 0.001 and 2.0 moles of
diamine per mole of anhydride; and
(d) allowing the components to react.

2. The method of claim 1, wherein the polymerization is conducted in an
aqueous medium, the copolymenzatlon of the anhydride monomer with an
ethylenically unsaturated monomer is accomplished in the presence of surfactant,
and the base and diamine are added to the system before a significant portion of the
anhydride functionality of the polymer has hydrolyzed.

3. The method of claim 1, wherein the diamine comprises a compound of

formula:
, R 1\
| / N——R3—R*
RZ™ ()
wherein:
Ri=H;

R2=H, lower alkyl, optionally containing heteroatoms such as O, S or N, so long
as the group is non-reactive with respect to anhydrides;

R?® is an optional spacer group, and can be lower alkylene, optionally containing
secondafy, tertiary or quaternary lower alkyl; and also optionally containing
heteroatoms such as O, S or N, so long as the group is non-reactive with
respect to anhydrides; '

R4 is a sterically hindered, optionally cyclic, amine that is non-reactive with
respect to anhydrides, and optionally mdudes non amine-reactive
substituents.



anount of anhmtv\een 0.1% and 50.0 wt % ba oAl

nononer wei ght; m\\m addltlon of base thereto; | %Wm gﬁEET

i medi atel y by3 of 0.001 and 2.0 nol es h di am ne,

based on nol es y ri e &nd (d) all ovd Uk it gﬂgppng@t W,g%ﬁéﬁ&kw?
 th the

The polyner of cl a| m 10, wherein a second conpound 1S ad
di am ne, such second conpound sel ecte.dzfgr_omthe group conS| sting of:

nonoam nes, nonoal cohal s di -reactive §l$| di ol s
pol yani ned: pbhg @ethod aficlaim 3nwhereiny J\Eﬁ o%”?%n@s .
f eat ur escdHitsining eithg) optionally s&bb’hﬁﬂédblwmh non drhirreerdactive groups such as

heteroatoms or secondary, tertiary or quaternary lower alkyl; R5, R¢ = H, lower
alkyl, optionally containing secondary, tertiary or quaternary lower alkyl, and also
optionally containing heteroatoms such as O, S or N, so long as the group is non-
reactive with respect to anhydrides; and provided that R or R® can be H only if the
other is #-butyl or a more hindered group.

5. The method of claim 4, wherein the diamine is selected from the group
consisting of: 3-diethylaminopropylamine, 3-dimethylaminopropylamine, N,N-
diethyl-N’-methylethylenediamine, N,N-diethylethylenediamine,
aminopropyldiethanolamine, 2-amino-5-diethylaminopentane, 4-(2-
aminoethyl)morpholine, aminopropylmorpholine, 1-amino-4-methylpiperazine, 2-
(aminomethyl)-1-ethylpyrrolidine, 4-aminomorpholine, 1-amino-4-(2-
hydroxyethyl)piperazine, N-aminohexamethyleneimine, triacetonediamine, N-butyl
triacetonediamine, 2-(aminomethyl)pyridine, 3-(aminomethyl)pyridine, 4-(amino-
methyl)pyridine, and 5-amino-2-methoxypyridine.

6. The method of claim 5, wherein the diamine is selected from the group
consisting of: 3-dimethylaminopropylamine, triacetonediamine, and N-butyl
triacetonediamine.

7. The method of claim 1, wherein the anhydride monomer is selected from
those that contain unsaturation and are capable of undergoing free radical
polymerization.

8. The method of claim 7, wherein the anhydride monomer is selected from the
group consisting of: citraconic anhydride, maleic anhydride, tetrahydrophthalic
anhydride, itaconic anhydride, acrylic anhydride, methacrylic anhydride, n-octenyl
succinic anhydride, n-decenyl succinic anhydride,_n;dodecenyl succinic anhydride,
n-tetradecenyl succinic anhydride, n-hexadecenyl succinic anhydride, n-tricontenyl
succinic anhydride, nonenyl succinic anhydride, iso-hexadecenyl succinic
anhydride, and iso-octadecenyl succinic anhydride. .

9. The method of claim 8, wherein the anhydride monomer is selected from the
group consisting of: acrylic or methacrylic anhydride.
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10. The acid- and amine-functional polymer formed by the fred-radieal-initiated- -
addition polymerization process of: '

(a) -~ first, copolymerizing an anhydride monomer with an ethylenically
unsaturated monomer to produce an anhydride polymer, wherein the
amount of anhydride monomer is between 0.1% and 50.0 wt% based
on the total monomer weight;

(b) followed by addition of base thereto; )

(c) followed immediately by addition of between of 0.001 and 2.0 moles of
a diamine, based on moles of anhydride and

(d) allowing the components to react.

11. The polymer of claim 10, wherein a second compound is added with the
diamine, such second compound selected from the group consisting of:
monoamines, monoalcohols, di-reactive diamines, diols, polyreactive polyamines,
polyols, aminosilanes, and polyaminosilanes. |

12. The steps or features disclosed herein or any combination thereof.
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ABSTRACT

PROCESS FOR PREPARING POLYMER COMPOSITIONS CONTAINING BOTH
ACID AND AMINE FUNCTIONALITY

Disclosed is a method for preparing an acid- and amine-functional polymer
under conditions of free-radical initiated addition polymerization. The method
involves copolymerizing an anhydride monomer with an ethylenically unsaturated
monomer to produce an anhydride polymer, followed by addition of base thereto,
followed immediately by addition of a diamine, and allowing the components to
react. The preferred medium is aqueous.

Also disclosed is an acid- and amine-functional polymer formed by the free-

radical initiated addition polymerization process described herein.




