Met hod of Producing Isocyanate-Mdified Latex Polyner } *  The
present invention is directed to a method of producing isocyanate-nodified
acrylic polymer and nore particularly to a method of producing shelf stable
wat er borne di spersion of an acrylic-urethane graft copol yner. _

Wi | e nunerous patents for waterborne actylic-urethane graft gopolyners
exist, they describe processes which begin with some variant of a standard
pol yur et hane di spersion (PUD) synthesis, followed by an emul sion
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high powered stirring equipment is usually required for reaction vessels.

(Progress in Organic Contings, 9 (1981), 281-340).

The problems described earlier are common to both the synthesis of

PUDs and acrylic-urethane graft copolymers. They are well known in the art

and attempts to improve the situation generally focus on ways to bring down

the prepolymer viscosity to make the dispersion step easier to accomplish.

The U. S. Patent No. 4,888,383 (hereinafter ‘383 patent) to Huybrechts discloses

a method for preparing a stable dispersion of polyurethane modified

polyacrylic. The method provides for adding a prepolymer chain of -

polyisocyanate or isocyanate-terminated polyurethane to a reaction mixture

consisting of an aqueous dispersion or emulsion of amine-functional and

hydroxyl-functional polyacrylic for causing a chain extension of the

ingredients. The need for two reaction vessels in these syntheses is generally

taken for granted, because of the need to control the isocyanate reaction during

the prepolymer synthesis by excluding water. Thus, there exists a need for a

process for producing a waterborne isocyanate-modified acrylic polymer which
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persulfate initiated systems, we have used a factor of approximately 0.5).

Further information on theoretical molecular weight calculations can be

found in Principles of Polymerization 2nd edition, by George Odian published

by John Wiley and Sons, N.Y., N.Y. in 1981 and in Emulsion Polymerization

edited by Irja Pirma published by Academic Press, N.Y., N.Y. in 1982.

"Glass transition temperature (Tg)" is a narrow range of

temperature, as measured by conventional differential scanning calorimetry

(DSC), during which amorphous polymers change from relatively hard brittle

glasses to relatively soft viscous rubbers. To measure the Tg by this method,

the copolymer samples were dried, preheated to 120° C., rapidly cooled to

-100° C, and then heated to 150° C. at a rate of 20° C/minute while data was

being collected. The Tg was measured at the midpoint of the inflection using

the half-height method. Alternatively, the reciprocal of the glass transition

temperature of a particular copolymer composition may typically be estimated

with a high degree of accuracy by calculating the sum of the respective
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“Dispersed polymer” means particles of polymer colloidally
dispersed and stabilized in an aqueous medium.

“Solubilized polymer" dncludes “Water soluble polymer”, "Water
reducible polymer” or a mixture thereof. Water soluble polymer means a
pelymer dissolved in an aqueous medium. Water reducible polymer means a .
polymer dissolved in water and water miscible solvent. Solubilized polymer
results in a polymer solution characterized by having the self—crowdxng
constant (K) of the Mooney equation [1/Inmrel = 1/BC - K/2.5] equal to zero.
By contrast, dispersed polymer has (K) equal to 1.9. The details of Mooney
equation are-disclosed in an article entitled "Physical Characterization of
Water Dispersed and Soluble Acrylic Polymers" by Brendley et al., in
“Nonpolluting Coatings and Coating,Processes” published by Plenum Press,
1973 and edited by Gordon and Prane.

"Polymer particle size” means the diameter of the polymer parncles
measured by using a Brookhaven Model BI-90 Particle Sizer supplied by
Brookhaven Instruments Corporation, Holtsville, New York, which employs
a quasi-elaslic light scattering technique to measure the size of the polymer
particles. The intensity of the scattering is a function of particle size. The
diameter based on an intensity weighted average is used. This technique is
described in Chapter 3, pages 48-61, entitled Uses and Abuses of Photon



measured by using a Brookhaven Mddel BI-90 Particle Sizer supplied by

Br ookhaven I nstrunments Corporation, Holtsville, New York, which enploys a
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The amount of the isocyanate-reactive monomer added to the
monomer mixture is adjusted to provide the isocyanate-reactive polymer
with at least one isocyanate-reactive moiety per polymer chain. The range of
isocyanate-reactive moieties present on the isccyanate-reactive polymer chain
varies from 1 to 30, preferably from 2 to 10, more preferably from 2 to 4. If the
number of isocyanate-reactive moieties present on a polymer chain exceeds 30,
the film formation of the resulting-waterborne isocyanate-modified polymer
will be adversely affected. If the number of isocyanate-reactive moieties
present on a polymer chain is less than 1, a coating resulting from such a
waterborne isocyanate-modified polymer will not have desired properties,
such as, toughness; gloss; adhesion; and abrasion, solvent and UV resistance.
Preferably, the isocyanate-reactive polymer is emulsion polymerized
in the aqueous medium by copolymerizing at least one monomer containing
an isocyanate-reactive functionality, which includes aceto acetoxyethyl
(meth)acrylate; N-cyanoacetyl-N-methylaminoethyl (meth)acrylate; hydroxy
alkyl (meth)acrylate monomers, such as, hydroxyethyl {meth)acrylate, and
hydroxypropyl (meth)acrylate; acrylamide; methacrylamide; alkyl substituted
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as, a-methylstyrene, a-ethylstyrene, p-methylstyrene and vinyl xylene,

halogenated styrenes, such as, chlorostyrene, bromostyrene and

dichlorostyrene, other styrenes having one or more nonreactive substituents

on the benzene nucleus, vinyl naphthalene; acrylonitrile or various mixtures
thereof.

The preferred monomer mixture includes hydroxyethyl
(meth)acrylate and monoethylenically unsaturated monomers, such as,
methyl methacrylate, butyl acrylate, butyl methacrylate, ethyl acrylate,
ethythexyl acrylate, styrene, methyl styrene or various mixtures thereof.

A more preferred monomer mixture includes at least one or more
of the following:

1) butyl acrylate, hydroxyethyl (meth)acrylate and methyl
methacrylate,

2) butyl methacrylate, hydroxyethyl (meth)acrylate and methyl
methacrylate,

3) butyl acrylate, hydroxyethyl (meth)acrylate and styrene,



on the benzene nucl eus, vinyl naphthal ene; acrylonitrile or various

m xt ures thereof. The preferred nononmer m xture includes
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monomethyl itaconate, monomethy! fumarate, monobutyl fumarate,

acrylamido propane sulfonate, sodium vinyl sulfonate, 2 acrylamido-2-

methylpropanesulfonic acid, 2-methacryloxyethyl phosphate and

phosphoethyl(meth)acrylate. The monomer containing the

monoethylenically unsaturated carboxylic acid are preferred and acrylic acid,

methacrylic acid and mixtures thereof are more preferred.

The polymerization process is typically initiated by conventional

free radical initiators, such as, for example, hydrogen peroxide, t-butyl

hydroperoxide, ammonium and alkali persulfates, typically at a level of 0.05

percent to 3.0 percent by weight, all weight percentages based on the weight of

total monomer. Redox systems using the same initiators coupled with a

suitable reductant such as, for example, sodium bisulfite, sodium hydrosulfite

and isoscorbic acid, may be used at similar levels.

Chain transfer agents may be used in an amount effective to provide

the desired GPC weight average molecular weight. For the purposes of

regulating molecular weight of the polymer being formed, suitable chain

transfer agents include well known halo-organic compounds, such as, carbon

tetrabromide and dibromodichloromethane; sulfur-containing compounds,

such as, alkylthiols including ethanethiol, butanethiol, tert-butyl and ethyl

mercaptoacetate, as well as aromatic thiols; or various other organic

compounds having hydrogen atoms which are readily abstracted by free
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chain carboxylic acid esters, modified terminated alkylaryl ether, and
alkylpolyether alcohols. Typical ranges for surfactants are between 0.1 to 6
percent by weight based on total weight of total monomer.

If desired the isocyanate-reactive polymer may include multi-stage
polymer particles having two or more phases of various geometric structures,
such as, for example, core/shell or core/sheath particles, core/shell particles
with shell phases incompletely encapsulating the core, core/shell particles
with a multiplicity of cores and interpenetrating network particles. In all of
these cases, the majority of the surface area of the particle will be occupied by
at least one outer phase and the interior of the latex polymer particle will be
occupied by at least one inner phase. The outer phase of the multi—stagé
polymer particles weighs 5 weight percent to 95 weight percent based on the
total weight of the particle. It is often desirable for each stage of the multi-
stage polymer particles to have a different Tg. If desired, each stage of these
multi-stage polymer particles may be provided with different GPC number
average molecular weight, such as, the multi-stage polymer particle
composition disclosed in US Patent 4,916,171.
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from 1 perd@distributive mixing. It is believed without reliance thereon, that the
isocyanate terminated compound reacts with the isocyanate-reactive polymer
to produce the water-borne isocyanate-modified latex polymer of the present
invention having extended shelf stability. When hydroxy-functional
polymers are used, urethane linkages are believed to be formed by the reaction
of the hydroxy groups with the isocyanate groups. The isocyanate terminated
compound is added to the aqueous medium at a stoichiometric ratio (SR)
stated below:

The isocyanate-terminated compound varies
- = from
The isocyanate-reactive polymer 0.1to5

The preferred SR varies in the range of from 0.5 to 1.5. If the SR
exceeds the upper limit, excessive amounts of urea groups are formed by the
isocyanate-water reaction. As a result, the desired properties, such as, water
sensitivity, shelf stability, impact resistance, solvent resistance of coating
resulting from such an isocyanate-modified polymers are adversely affected. If



to 10 percent of the total isocyanate charge per mnute, to permt a
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al'ipha ti Cdiigcylﬁ)aﬂglé, %ﬁh&kﬁn%’thﬂeo H‘ﬁgé)c%/anate, Bayer's Desmodur® N
{trifunctional biuret of hexamethylene diisocyanate), Desmodur® N3390
(isocyanurate trimer of hexamethylene diisocyanate), allophanates , biurets,
and uretdiones of diisocyanates er various mixtures thereof.

Some other compounds suitable for use in the present invention
include, tetramethylene diisocyanate, 1,4-cyclohexane diisocyanate, 2,4- and
2,6-hexahydrotolylene diisocyanate, 1,4- and 1,3- phenylene diisocyanate, 4,4'-
diphenyimethane diisocyanate, 1, 5- napthylene diisocyanate, hexamethylene
diisocyanate, isophorone diisocyanate, water dispersible polyisocyanates, such
as, those described in US 5,185,200, US 5,200,489, EP 516,277, EP 486,881, and in
Bock and Petzoldt, Modern Paint and Coatings, February 1996, p.22, and the
references noted therein; also included are various mixtures of the above
isocyanates. iy

If desired an acid-reactive crosslinking agent may be added during or
after the addition of the isocyanate compound to the aqueous medium
containing the isocyanate-reactive polymer provided with the acid-
functionality, to crosslink the waterborne isocyanate modified acrylic polymer
of the present invention. In this manner, the waterborne isocyanate-modified
acrylic polyther may be used in a two-pack thermosetting formulation, that is
typically stored in separate containers and then mixed by the user prior to it
application. It is believed with out reliance thereon that the acid-reactive



pol yfunctional isocyanates, preferably difunctional aliphatic or

cycl oal i phatic diisocyanates. Exanples of such diisocyanates are
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i socyanat ocycl ohexyl ) - net hane, such as, ;pesnodur Wfrom Bayer, Pittsburgh,
Pennsyl vani a, xylylene diisocyanate, tetranethyl xylene di ijocyanat e.
Exanpl es of, MR abRIORYRABA&ByGCtheli9bHANGte-

di i socyanat eagsglﬁﬁghgagélq ﬁgﬁ%ﬁ%ﬁﬁgxggganggg ﬁl\Ig'}gyer sty?)‘ésno éﬁ

(trifuncti deartive Hpbtm%‘f hexanet hyl ene dii socyanate), Desrmdur N3390

(i socyanurate tri mrd@freh&hamthbmhsemddmaﬁﬁ andudg additivhauwehes ,

Some ot her. SBSPETER LA PREVARS. Prpies: BFLOERMERLR, dhffah" BRERsue,
t et r amet hylpasticizdrs oo yaingt agents mctyadiemrwxiane cclnmreb:cgamfat%et &lge- and
2 6- hexahyga:]dalt,gl,%ghgﬂﬁ cgph?g%e?\@?t fn g%le‘}gi Wejrﬂ% b@@&@Xhﬁ??ﬂiﬂei’&‘?ﬁy ana te,

4,4" - diph ene dilsoc

hexarmet hy| qnefeaablydegsdhaaéﬁ R%@%ﬁ@yowelg&m %e@aﬁébé tombwﬁglth ofd8esi bl e

pol yi SOCya%hg%m&élwa%e ﬁlgﬁ’éﬁtd§§ﬁﬁb #hé PerWBindng &re Qﬁ\ Afdibived0, 489, EP
516,277, EP 4

, and .i;n"Boc t zo| dt Coat i ngs,
February 199leen present, WQH?tFéF?%QﬂEB?CﬁBE%W% F)ﬁsed: El)rdsfl’luded are
various m xe¢ighsobthe dumpdsition, foeyanatditive, and usualljrfondiyesxprtedl paercent

acid-reacti v;né{rgg& (J)fnégCR ¢ %eﬁ%%é vg’&ﬂ?%ieeﬁr,egé‘fw ng or after the addition

of the i socoy € cofpoun ueou um contai ning the
i socyanat e-r eact i V& desirgduhe pqueowsethedium map adgo contaimeasobrratsty, to

crosslink tdi%n%&@bb@ﬁ&? cbs?ﬂ@é&ﬁ@%&uﬁ@‘ﬂl@dlfb@s alch | dsC nRh IR e@anblle present
i nventi on. his ma t erbqrne |sciwéanate dlfl?\d acréll iC

pol yner nays%ﬁoag%@ FH‘YEE‘}WY}S% UAna ARt € yrJRtherhsich as
typically stioylefe |gﬁyc3ﬂmmuh)¢anéﬁ,ldieﬂsylamgly&tﬁnnﬁhdmdrywmhendser prior to

| 20PL1 o801kl et ShRYERCH Lo il bence foeon that the

acid-reacti Cros |nsvmththe acid

f unct i onal intgthylethpiketarse palvenss, Sruéhc?tsb %nwhylpe'rrohdone | f desired the
aqueous e g LR vorhmméea@cﬂ@érm oﬁﬁuﬁh rgrﬁ@&&a@%xv&ﬂtgr@ehsasand

ext enders, b|00| stalllze antl? h pl astic rs, wetting
agents and "SRR @ﬁ?!ﬁgé PERH mxeaéémréts %4 Burpethatpestaes, s Lecﬁoasmy. ng
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solvents at levels sufficient to lower the film formation temperature of the
resulting formulation to a temperature below that required for the particular
coating application envisaged.

The one-pack waterborne isocyanate-modified polymer of the
present invention provides improved shelf storage stability over
conventional two-pack (two component) acrylic urethane coatings, which
typically have a pot life varying from 10 to 35 minutes to few hours, typically 1
to 4 hours. The polymer of the present invention has extended shelf life in
excess of at least one month, typically several years. The coatings resulting
from the waterborne isocyanate-modified acrylic polymer of the present
invention exhibit toughness; impact, solvent, abrasion, mar, and block |
resistance; resistance to degradation from ambient and artificial UV light,
which results from interior fluorescent lighting. As a result, the coatings
resulting from the waterborne isocyanate-terminated polymer of the present
invention are suitable for use in the industrial coatings applicatiens, such as
in aerosol applications, floor coatings, foamed coatings, dip coatings,
automotive coatings; interior and exterior architectural coatings; wood
coatings; coatings on leather; coatings on polymer substrates, such as,

’



pr-eferably | ess than 50 percent by weight, based on the total weight of the
conposition, of the pignent. Suitably, the remaining foregoing additives,
when present, would not exceed 10 percent by wei ght, based on the total

wei ght of the conposition, for each additive, and usually onIy up to 1
percent or 2 percent of each other addittwve would be p'resent | f
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weight, which could be removed by filtration with a coarse filter such as a 60
mesh filter. Compositions, which are substantially free from coagulum or gel
are considered to have higher than acceptable level of stability.
Some of the embodiments of the invention will now be described in
detail in the following Examples.
Procedure for preparation of Polymer1
To a 5 liter stirred reactor containing 1383.0 g. of deionized water (D1
water) and 48.2 g. of an aqueous solution of sodium dodecyl benzene sulfonate
(23% active ingredient ) which had been heated to 85°C, 434 g. of Monomer
Mixture 1 (MM # 1) listed in Table below was added. The container used for
storing MM # 1 was then rinsed with 15 g. of DI water and the rinse was added
to the reactor. A solution of 2.08 g. of ammonium persulfate in 15.0 g. DI
water and a solution of 2.08 g. sodium carbonate in 45 g. DI water was then
added. Ten minutes after the first addition of MM # 1, with the temperature of
the reaction mixture maintained at 85° C., the remainder of MM # 1 and a
sotution of 2.08 g. of ammonium persulfate in 150.0 g. DI water were
uniformly added to the reaction mixture over a 180 minute period. The final
reaction mixture was neutralized to a pH of 7.5 with 29% aqueous ammonia.



The coatings resulting fromthe waterborne isocyanate-term nated acrylic

pol ynmer of the present invention are also suitable for use in adhesives;
construction products, such as, caul ks, nastics; specialty industrial

chem cals, such as, a flocking binder used in autonotive interior
applications, including glove boxes. -12- The foll ow ng test procedures
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Polyrrer 1 & o HTter—strrTedyTeactor COﬂ[‘Ié 0ng 13830 g. |of

dei oni zed hater (D1 wd?le‘ﬂfeand 48.2 g. bf an aqueoud ution of sedium

dodecyl benzs%%lﬁu&é&é@weﬁzé’n@ﬁgtdxmel ngredient ) wie.66 had been heated to
85 C, 43. —ot—homorer—Mxture— (W11t ea‘jrpg apbl € Del ow \éﬁis
of

added. The ont ai neBuigleficndatest oring MM # 1 was th nsed with 1
DI water and the Me“t‘ﬁﬁ m@lﬁqﬁgﬁto thejreactor. A saugeion of 2.08 ¢. of

anmoni um p, —Og-—D—water dndasmuulﬁgg Z. 08 g. sodium
carbonate {n 4#&1"-"%3’%&1_@&%@3&54{% adlled  Ten mina8@ttar the fidst

addition of MM # 1 w;{ﬂrfllfteactl@rrper ature of the reacy.gh m xture naiftai ned
at 85 C., pheremarnger O 9 ] anmo—ajsotrutton of 4 Eg of anmmonijum
persulfate i n_15bRpdecappt re untformy added 38t he reactionl
m xture over a 180 minute pemmm&mxiﬂumakonemﬂ.m ni xture was
neutral i zeg—to—a pH UIDI w%w TIh—29% aqugous anmoni A 495 60
sodium dodecyl benzene 87.36
sulfonate(23% active)
Butyl Acrylate 708.08
Methyl Methacrylate 511.32
Hydroxyethyl Methacrylate 138.60
Methacrylic acid 27.71
Monomer Mixture for Comparative Polymer A
DI water 425.60
sodium dodecyl benzene sulfonate 87.36
(23% active)
Butyl Acrylate 806.48
Methyl Methacrylate 551.51
Methacrylic acid 27.71




The sane procedure described herein was used for preparing Polyners 2, 3
M xtures |isted

and Conparative Polynmer A by utilizing appropriate Mononer

i n Tabl es bel ow Mononmer M xture 1 for Polymer 1

DI wat er 425. 60 sodi um dodecyl benzene

sul fonat e . 12. 56 38ut yl Acrylate o

708. 08 Met hyl Met hacryl ate 511. 32

Acet oacet oxy et hyl Met hacr : RS vRGr 4 Met hacrylic
aci d M%%.&ﬁe for prepi{a.lsxgé‘e%ane?hi grl, @ 93%

13. 85 To a 5 litenstiroe reagtont Gardaingg ﬁiﬁ%ﬁf gionized water (DI

wat er 0 g. of o0d2 50168 on TEdodne adtrizyl] banzaesutfohhenat e
12. 56 water) &’,}Fﬁoﬁc?yf‘gsagu? o y% 9 0 Vet hyl
Met hacr yl at &3% active ingredient ) which Bag bggn heated {0 § oxg“/'e# 5|8 tl‘ﬁ%%or@‘f*%t e

138. 60
1- Dodecanet hi o]

Nononer M Xg@pélg%%%goay%\enginsed with 15 g. of ﬁi"ggttere rz_md the rinse was added

425. 60

708. 08

Hydr oxyet hyTFeivianinades afagrethe first addition of ME#1; wit

acid
Conparative
425. 60

to Sedieantotode sylutivendeh@s g. of ammonium persulfate ig7153¢ 8. DI
sul fonat e(23%,act | . I
waoh.?‘rl\%ex{%§ I)so]'%x[oh\a%frzy(PSag .(E%td)fllmxp& rib i e

in45g. DI wasltilen added.

.32
Igthe temperature, gf the. ylic
reaction mixture maintdie@lat 85° C., the remainiden ofdfE#1 andiracsdlotion

soﬁr g:qg gé@@??“‘b@h persulfate *l&%&%t Bt water were adde%.;g gée reaction

EmulsiolNBf1Ih@AgE#1 )i Isted iid Tables below was added. The comairer used for

(23% act i vejnixture at a uniforButryle oheryd 9@ eninute period. Thirty minutes latgnavislg

Met hyl Met hgcr
27.71 e

Emulsion #2 (ME#2) and a solution of 1.04 g. ammonium persulfate in 75.0 g.
DI water were added to the reaction mixture at a uniform rate over a 90
minute period. The final reaction mixture was neutralized to a pH of 7.5 with
29% aqueous ammonia. The same procedure described herein was used for
preparing Polymer 5, by utilizing appropriate Monomer Emulsions listed in

Tables below:

Monomer Emulsion No.

1 for Polymer 4

erfi&ature of the reaction mixture S m¥intained at 85° PENIBRbMet C aci d

_ DI Water 212.80
sodium dodecyl benzene sulfonate 6.28
(23% active)

Methyl Methacrylate 557.02

Butyl Acrylate 73.43

Styrene 55.42

Methacrylic Acid 6.93
Monomer Emulsion No. 2 for Polymer 4
DI water 212.80

sodium dodecyl benzene 6.28

sulfonate(23% active)

Butyl Acrylate 372.70
Methyl Methacrylate 146.90
Hydroxyethyl Methacrylate 138.60
Methacrylic acid 34.64
1-Dodecanethiol @ 98% 6.92




-13- Procedure for preparation of Polyner 4 To
a5S5liter stirred reactor containing 1383.0 g. deionized water (D water)
and 3.0 g. of an aqueous solution of sodium dodecyl benzene sul fonate (23%
active ingredient) which had been heated to 85 [err]C., 43.4 g. of Mnoner
Enmul sion #1 (ME#1) listed in Tabl es bel qu was added. The contai ner used for
storing ME#1 was then rinsed with 15 g.”'6f DI water and the rinse was added

to the reactor. A soluti of 2. "_upa : fate in 15.0 g. DI
water and a_solution of o}per% !F%n‘?m ; 1% Lg -

added. Tej minutes af tBrwhtee first addifion of NE#1,21% the tenpergture
of the re o mx re ma plaing t.8plerr] C, thgsggmainder of Mg#l and
a sol ution crdupd }REREENT %‘é? r%t?a ein 75.0 g. %I wat er were added to
t he reactifon mxture(?ﬁ%actme)form rate pver a 90 minute period.  Thirfly

m nutes | grer, w am re of he reactlonggmzure still
mai nt ai ned_al_as[_lg&'tﬁﬁwe Viﬁw Ve f 1.04

.......... Er-stor—se \IVE-H-L) T SO Ut T on
g. ammoni um per sul f Butyli Acigdatle g. DI waler were added3#d the reactioq

mxture atfFa anrformraie over a 90 mnpte period. Thggpi nal reaction
m xture wa | —5——-t-F—2 995 aereotusS—anmoTT &, T11e Jsane
procedur e [descri bedMettaerytiowdd used f or | preparing Pol6A%er 5. by utililzing

appropri at & Vbnomer Enul: smg%éérséxg léignmlf%mﬁmﬁﬁ

Mononer Enulsign No—1—fgo Jawa sy BtH—Y&te

212. 80 SOdI um dodeclelbaa@ene sul f onat 6.28

(23% acti Vg f te 43.68 557. 2
Butyl Acr yI éhum dodé\é‘?}l th@@e NAfsAe 23 43 Styrene ?
55. 42 Met h&3% lacdveci d 693
Monorer Enul si on NoB‘gylfREWlfﬁleyrrer 4 Q72w er

212. 80 Sothtm uuucu¥ Tenzene 146.90 0. Zo

sul f onat e(|23% act Meslyyl Methacrylate g1 y| herylate :

372.70 dfkye Bl DAEhYER Re 13860  146. 90

Hydr oxyet I“y-i—rv‘bfl}/ﬁau yia MB}I H 13860 Methagrylic
acid ethacryhc acidy gq 1- nndpmnﬁ_-éﬂm_@,g_g_%_‘
6. 92 ' Preparation of Isocyanate Modified Latex Polymers

Examples 1 through 8 of the isocyanate-modified polymers of the
present invention, shown in Table 1 below, were prepared under the
following procedure.

A 4-necked round bottom flask, equipped with a condenser, a stirrer
and thermometer was charged with a Polymer shown in Table 1 below. The
isocyanate compound, listed in Table 1 below, was then added to the charge.
Additional DI water, listed in Table 1 below, was added to the reaction mixture
to adjust the final solids of the resulting isocyanate-modified polymer, which |
was stirred overnight at room temperature under nitrogen. The reaction
mixture was then neutralized to a pH = 7.0 with aqueous ammonium
hydroxide (28%).
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Mononer

Emul sion No. 1 for

Pol ymer 5

Dl

wat er 212.84 sodi um dodecyl benzene sul fonate
43. 68 (23% active) Met hyl Met hacryl at e
557. 02 Butyl Acrylate 73.43
Styrene 55-142 Met hacrylic acid
6. 93 Monomer Enul sion No. 2 for Polynmer 5 DI
wat er _ 212 Babledodi um dodec benzene sul fonate
43. 68 (23% agl i v =) Ex. But Ml Ber I@gnep Ex. Ex.
372.70 Met hyl NEt%‘%(' yI at e B 149. 90
Hydr oxyet hylj Met hacryllat & 3 4 138. 40 Bx Vet ﬁac ylic
aci d 34. 6p Pr gpabat ijon of {1 socy@nate
Modi fied Lat PotymeTrs anpl s 1 tjnrougl 8 of |the
i socyanat e- modPélymer pol yners of the prekent jnvention. —shewr—ip—Fabl-¢ 1
bel ow, were pp@@ﬂ{@dz Gndeg {he fo|low ng prodedure. Al 4- necked
round bot t orpt&sk—equrppetW [ conpenser|, a syirrer jand t her nonmgt er
was char ged V\l @Ilyn%?rFi ver ‘hm n Tﬁ_bh e_1] el ow-{The—i $ocy-ah Tpound1
listed in Tab]bgly;ng}ej ow, wa$ thenj atigied| to tHe charjge. Adidi ti ohal DI wat er,
listed in Tgb T W Wy adgdep to the, f.egctronm xtufe to adjust|the
final solidg 191Yﬂ1‘-’é4 bsul tibhg i sopyanatie-nodilfied kRS
stirred over npagtngats foom t gnperaf ure under nji thl06ggn. The¢ reaction nixture
was then negtrgfTZed 10 a pH = /-0 W th aquequs amjo m{ hydr oxi de (£8% .
Table 1 ﬁo‘iymer r' I]‘bbl
Polymer 2 100
Polymer 4 100
Compound
ICNo. 1 4 3 2 4 3 2 0 0
ICNo. 2 0 0 0 0 0 0 33 39
DI water 10 15 15 10 15 15 2.6 0
Properties
Final 378 | 352 | 347 | 375 | 346 | 344 | 40.0 | 411
Weight%
Solids
Particle 201 66 213 201 76 81 201 201
size (nm)
Stability . X X Y X X Z X X

The following abbreviations were used in Table 1 above:

Ex. means Example.

Compound means isocyanate compound.

IC No. 1 means Desmodur® XP-7063 water dispersible polyisocyanate supplied
from Bayer, Pittsburgh, Pennsylvania.

IC No. 1 means Desmodur® W bis (4-isocyanatocyclohexyl)-methane supplied
from Bayer, Pittsburgh, Pennsylvania.

X means no gel or coagulum observed after a period of one week, which is an
indication of higher than acceptable level of stability. The observation was
discontinued thereafter.



Ex. Ex. Ex. Ex. Ex Comp Ex. Ex. 1 2

3 4 5 Ex. 7 8

6. Pol yer Pol ynmer 2 100 Pol ymer 3 100 Pol ymer 1
100 Pol yrmer 4 100 Pol ymer 5

100 Polyner A -16- 100 Pol yner 2

100 Polyner 4 100
Conpound Y ko slight filtérable gellor coagufum observed after Bperiod of one wedk,
\I/\gt 2'?' 2 ld”HiCh igan mdiqgtionoof@cceptggle levellgof statﬁi.lig/. The %bg’er%tign Wwas D

Properties discauititled thergaft®. 35.2 34.7 37.5 34.6 34.4 40.0 41.1

\Z/\Silg ht % 2.8(911;&!%@1% elleBaWHxél{ B an BlificatiorO6f a co&ﬂp%mno%othat is K@t stabfel 201
size (n
X Tre Tl ofih b bk ca b seen et the P oA ot s

Exanpl e. Coirpglitng ommels ofstheyresdrd invapiomdmate fim emulsinrs pobysnerdur [ err]

XP- 7065 wat g AhIRCISEB o0 SUANRRGI SVBRb Bkabd 8L BB/ S and Bf rebUr oM.

Pennsyl vani

(4- i socyananorystiableethan) thesorieawdthoup shick dunetionaidies (Comparativie dxample
Pennsyl vani X means no gel or coagul um observed after a period of one
week, which is an indication of hi gher than acceptable | evel of stability.
The observation was di scontinued thereafter.



Y:nmeans slight filterable gel or coagul um observed after a period of one
week, which is an indication of acceptable |level of stability. The
observation was discontinued thereafter. Z neans gelled, which is an

i ndi cation of a conposition that is not stable. ”'ﬂmmmﬂm 1it
can be seen that the waterborne isocyanajze-nodified! 8k | ls]] m; of the
present invention, made from enul sion polymers containihg* * § =

| socyanat e- Ker&t isV@aihwects: onal groups (Exanples 1-5, 7 and 8) are nore
stabl e than the one w,thoyt such functionaljti 1 : 6) .
-17- Wiat is cll'a‘la‘n%‘ﬁﬁpgt of prodiiding a Xvéat%tbr?g't%%gsgg %?%@fx%%ﬂlﬁe_ pack
shel f st abl @ohaher kompeisiisppcyanat e- nodi fi ed acrylic polyner conprising:
reacting a Conpoun.q-eggﬁxg]Qactoﬁﬂao‘ﬂn:dhte%glﬁq@&n;v}riftmt 'le%@FYﬁB%&YEHBFeU onal

groups with S an i'socyahate-reactive polymer 1n an aqueous nediumto
produce sai funcipnpdgrogpemithsanisasyanatg-reaethor RRlYRY A M AGUEHH fi ed

acrylic pol yigfinm to groduce said WikerBBHO oeyartdtéimddifiedrdchglic polymidrsi ng

provi di ng salrd I socyanate-reactive, [?ol ﬁmer wi th an aci.g.-fung:%i onality.

3. The method of clZi Fhe methedof chaimpl tYTther SOPRYINE RID4SIN& I Ag agent to
sai d 10 aqueQiyanmdiremrd @ polacdri withsai aciddfuticfionaliyonal’ity on said pol ymer
W th said crosslinkjn ent . . 4 f | erein
sai d conpound has § ngpﬁ&ﬁ%g?d\%ic&r\?‘%ﬁu?ﬁeer C‘f“@@_ﬁ%?%@??&m&f%%ﬁﬂ%“ 000.

5. The net hagewf tocdadd mqheomeemedium for odactingreid peidrianrdonality icsaide groups,
for said 15gﬁwgpqﬁﬂ{§ﬁm&@§sﬁgkiﬂ &t | east two isocyanate-functional

groups to s socyanat e- reactive polyner ,yaries in the range of from
0.5 to 5. o Hermethod i dim Lrderbn g compaunhat a HoRER:
| socyanat e- pRa¢hki MethRGhiE® bf FrHnPROY talBBDOM t h from1 to 30
' socyanat e-react| VeS.fJIlf\'g n'mecmgcli'otf'c?a%mpfrwtpe?la?ﬁngrstoqaﬁbﬂietric ratio of reactive
groups, for said compound terminated with at least two isocyanate-functional
groups to said isocyanate-reactive polymer varies in the range of from 0.5 to 5.
6. The method of claim 1 wherein said isocyanate-reactive polymer
is provided with from 1 to 30 isocyanate-reactive functionalities per polymer

chain.

7. The method of claiii 6 wherein said isocyanate-reactive
functionalities results from an isocyanate-reactive monomer selected from the
gr.oup consisting of acetyl acetoxyethyl (meth)acrylate, N-cyanoacetyl-N-
methylaminoethyl (meth)acrylate, hydroxyethyl (meth)acrylate,
hydroxypropyl (meth)acrylate, acrylamide, methacrylamide, alkyl substituted
acrylamide, isomers of hydroxy butyl (meth)acrylate and various mixtures
thereof. _

8. .The method of claim 1 wherein said compound is selected from
the group consisting of hexamethylene diisocyanate, bis (4-
isocyanatocyclohexyl)-methane, toluene diisocyanate, trifunctional biuret of
hexamethylene diisocyanate, isocyanurate trimer of hexamethylene
diisocyanate, 4,4'- diphenylmethane diisocyanate, isophorone diisocyanate,
water dispersible polyisocyanates and various mixtures thereof.

9. A method of producing a waterborne isocyanate-modified acrylic
polymer comprising:

emulsion polymerizing a monomer mixture in an aqueous
medium to produce an isocyanate-reactive polymer, said mixture containing
at least one Isocyanate-reactive monomer and at least one acid functional
acrylic monomer; T

* This Sheet Hag Been Replaced

 ! T



7. “The method of claim6 wherein said isocyanate-reacti \,Le—f—une—t—kena#r{—i—es—
results 20 from an isocyanate-reactive nononer selected . f
consi sting of acetyl acet oxyet hyl (neth)acryl ate, !'Wml i“ﬁ mr l“l
N- cyanoacet yl - N- et hyl am noet hyl (neth)acryl ate, hydr oxy
(meth)acrylate, hydroypropyl (meth) acryBate, acryl ani de, methacryl am de
al kyl substituted acryl am de, isopers, of hydroxy butyl (meth)acrylate
and various m xt uriéidlingaicepypound terminatech withaf 1gastitwie isPcyaratem 1 wherei n
sai d COWPOlﬂLﬁ\ﬁctl&ais?é Qipsed s‘aﬁ@aqhémxsgm@dmxﬁtin eansickiopngriofraliexageidhy! ene

At

di i socyanate %@%;%%B%%XS 3?&?% a%reﬁé rt'&ﬂ%n tlelglsogﬁﬁour%d

di i socyanate SOCY?
i socyanur averting rmrthe)range offxemed-hyo énéalélcpgm@ﬂah@m& a@OEF‘pllﬂényl met hane

di i socyanaig, ms\mgug{gomethglrh,sg)@ﬁgﬂaﬁm to 1000at er di spersi bl e pol yi socyanates
and vari ous n%xt ures

pr oduci
wat er bor ne |socyaHS%“élW‘f?Sé’aya@rt?/F?‘i?%ﬂﬂlaémew"g‘oﬁ%‘?| aFpgHn nd%o® -18-
enul si on perydmmei sagd sonparaemadifiedilaex pomeghmdng exeeddadishelfpr oduce an
i socyanat e; {Bf}ﬁ‘%i ve polyner, said m xture containing at |east one

i socyant e- Fective mononer and at |east one acid functional acrylic
NDNONET ; 18ddimigoey e tamedifiadaery Hapelymgr produced s gcapygarice

i socyanat ewithndlhignalorgr oups to said 5 aqueous nmediumin a stoichionetric
ratio of said isocyanate-reactive mononer to said i socyanat e-t erm nat ed

conpound varying iR the srt@gg%ﬁoieawr%@ 's§155%85ner§ﬂgg6ca%§p%9%a|ﬁ¥ﬁ I?:ﬂe\r'eofa

nol ecul ar wei ght varying 1 e range from
sai d i socyanate-reactive polynmer with said conpound to preduee: sau;l

i socyanat e-nodi fied | atex polymer having extended shel f-st b| it ;
10. An isocyanate-nodified acrylic polymer produced in acc eplaced
claim1 or 9. Il ”"




