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METHOD FOR PREPARING GRAFT COFOLYMERS AND
COMPOSITIONS PRODUCED THEREFROM
Fiekl af Invention

This invention relates to a method for making graft copolymers using an agueous
emulsion polymerization process, and copolymer compositions produced therefrom. More
particularly, this invention relates to an aquecus emulsion pelymerization process for
polymerizing at least one macromonomer and at least ane ethylepically unsaturated monemer
e form a copolymer composition containing graft copolymers.

Background of the Inventien

“Graft copolymers” as used herein are macromolesules formed whon polymer or
copolymer chains are chemically atiached as side chains to a polymeric backbone. (enerzlly,
the side chains are of a different polymeric composition, than the backbone chain. Decause
araft copelymers often chemically combine unlike polymeric segments in one molecule, these
copolymers have unique properties compared to the corresponding randem anelegues. These
properties include, for cxample, mechanical film praoperties resulting from thermodynamicalty
driven mierophase separation of the pelymer, and decreased melt viscosities resulting in part
from the branched structure of the graft copolymer.  With respect to the latter, reduced melt
viscosities can advantageously improve processability of the polymer. Sez e.g., THong-Quan
Xie and Shi-Biao Zhou, ). Macromoel. Bci-Chem., A27(4), 491-587 (1990); Sebastian Roos,
Axel HE. Miiller, Marita Kaufmann, Werner Siol and Clenens Auschra, “Applications of
Aniopic Polymerization Research”, R.P. Quirk, Ed., ACS Symp. Ser. 696, 208 {1998).

The term “comb copolymer,” as used hercin, is a type of graft copolymer, where the
polymeric backbone of the graft copolymer is linear, and each side chain of the uraft
copolyng is formed by 2 “macromenome:™ that 15 pafted to the polymer backbone,
“Matremonemers” are low molecwlar weight polymers having at least one functional group at
the cnd of the polvmer chain that can further polymerize with others monomers to yield comb
copolymers. See e.g., Kawakami in the “Bncyclopedia of Polymer Science and Engineering”™,
Vol. 9, pp. 195-204, John Wiley & Sons, New York, 1987. The term “linear,” as used herein,
iz meant w oclude polymers where minor amounis of branching has eccurred through
hydrogen abstraction that is normally observed in froc radical polymerizations. The comb
copolymers are commonly prepared by the free radical copolymerization of macromenomer

with ¢onventional monotner (e.g., sthylenically unsstorated monomers).
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Comb copelymers prepared with water-insoluble macromonomers have been
predominantly prepared using bulk and solufion polymerization techniques. Howover, such
proeasses undesirably use solvent or monomer as the medium in which the polymerization is
conducted. Thus, efforts recently bave focused on developing methods for prepining <omb
copolymers via an aqueous entulsion process.

One example, UL.S. Patent No. 5,247,040 1o Amick cl al., (“Amick™), discloses a two
stage emulsion polymerization process for producing graft copolymers. In the fivst stage, a
macremonemer is preduced by polymerizing ethylenically wusaturated monemer in the
presence of a mercapto-olefin compound. In the sccong stage, the resulting macromonomer
is polymesized in an aqueous emulsion with-a second ethylenically umsaturated monamer.
The Ammick process, although having many advantages, produces a praft copelyiner haviog
linkages, located between the side chains and backbone. hat are susceptible 1o hydrolysis
under certain conditions. These linkages result from using a mercapto-olefin compound
having an cster functionality in the preparation of the magromonomer.

U.S. Patent No. 5,264,530 to Darmon et al. (“Darmon™} discloses an emulsion or
suspension free radical polymerization process where one or more monomer species is
polymerized in the presence of 3 macromonomer that s used as & chain transfer agenl. As the
masromonomer is being vsed as & chain transfer agent, the mactomonomer is predominately
incorperated into the polymer chain af {he ends.

U.S. Patent No. 5,804,632 to Haddleton ef zl. {“Haddleton™) discloses an agneous
polymer cmulsion process thet includes preparing, in the presence of a cobalt chelate
complex, a low molecular weight polymer baving acid functional proups, and subsequently
polymerizing at least one olefinically vnsaturated monomer m the presence of the low
moleculur weight polymer to form a hydrophobic polymer. The low molecular weight
polymer in Haddleton is tanght to contain a sufficient concentration of acid to render the Jow
molecnlar weight polymer, as is, or upoh neutralization of the acid groups, partially or moere
preferably fully dissolvable in an aqueons medium. Althouyh Haddlelon diseloses that some

degree of gralting may occur, Haddleton focuses on processes where it is believed that the

_hydraphabic polymer paticles are encapsulated hy the low molecalar weight polymer in the

form of an “inverted core-shell” latex, or where the Jow molceuiar weight polymer serves
simply as 2 seed for the polymerization to form the bydrephobic polymer. Thus, Taddleton

does not disclose a process to produce graft copolymers of a desired structure such as comb
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copolymers. It 1s alse believed that vsing the Haddleton process undesiably vesulis in a
substantial amount of low molecular weight polymer remaining unreacted in the water phase.

Publication WO 99/03905 1o Huybrechts et al. {“Huybrechis™} discloses an anionically
stabilized graft copolymer composition that is prepared by emulsion polymerizing acid
sontaining macromonomer 2od amine functional monomer. The copolymer composition
prepared contuins from 0.5 1o 30 weight percent amice functional monomer i the polymer
backbone, and at least 5 weight percent acid functional monomer in the macromonomer that
is neutralized with an aming. However, it would be desirable to provide an agueoss emulsion
polymerization process for preparing altemative graft copolymer compositions that do not
require neutralization.

The present invention seeks to provide a robust erulsion polymerization process for
prepaving graft copolymers that are preferably resistant to bydrolysis The present invention
also secks o provide an emulsion polymerization process ihat preferably provides contral
over such parameters as polymerization kinetics, polymer structure, conversion, incorporation
of macromenomer and particle size.

Summary of Invention

In ooe aspect of the present invention, a method of making a gralt copolymer is
provided that includes forming a macromonomer aquecus emulsion confaining water-
insoluble particles of macromoncmer snd forming a monemer composition containing
ethylenically unsaturzied monemer. The macromonomer contains polymerized units of a first
elbylenically vasaturated monomer and further has 2 degree of polymerization of from 10 to
1000, at least oue ierminal ethylenically unsaturaied group, less than 5 weight pereent acid-
containing montomer as polymetized, and less than | mole percent of mercapic-olefin
compounds as polymerized. At lcast a portion of the macromonomer agueous emulsion and

at least a portion of the monomer composition are combined to form a polymerization

S U S P 0 U SEC  OE S T T S
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to form the graft copolymer composition containg from 10 to 1000 polymerized units of 2 first
ethylenically wosaturated monomer, less than | mole percent of polymerized mercapto-olefin
compounds, and less than 5 weight percent polymerized acid-containing monemer. In &
preferred embodiment, ihe copolymer composition further centains from 0.2 weight percent
to 10 weight percent of an acid contaiging macromononter, based on the toial weight of the
copolymer.

Detailed Deseription

The present invention provides an aqueous polymerization process for preparing graft
copolymers, and more preferably comb copolymers. The present invention alse provides
novel copolymer compositions produced from the aqueous polymerization process.

The process of the present invention inclundes (&) forming a macromoneiner aqueous
amulsion containing one or more water-insoluble particles of macromonomer; (b) forming a
maonomer composition containing ethylenically unsaturated meonomer; and () combining at
least a porlion of the macromonamct agueous emulsion and at fcast a portion of the monomer
composition to form a polymerization reaction mixture. The macromonomer and
ethylenically unsaturated monomer are polymerized in the presence of an initiator to form
graft copolymer particles.

The macromonomer, present in the macromonomer aqucous emulsion as water
ingoluble particles, is any low molecular weight water-insoluble polymer or copolymer having
at least one terminal ethylenically unsatmrated group that is capable of being polymerized in a
frec sadical polymerization process. By “water-insoluble™ it is meant having a water
salubility of no greater than 1350 millimoles/liter at 25°C to 50°C. By “low molecular weight”
it is meant that the macromonomer has 2 depree of polymeriation preferably from about 10
to about 1000, and more preferably from abeut 20 i about 200. By “degree of
polymerization” it is mecant the number of polymerized monomer units present in the
CIECTORIONOMSE.

The macromonomer coniains, as polymerized units, at least one type of ethylenically
mnsarwrated monomer.  Preferably, the ethylenically unsaturated monomer is selecied to
impart low or no water selubility to the macromonomer as previously described berein.

Suilable ethylemically unsaturated monogers for use in preparing macromonomer
include for example methacrylate esters, such as € to Cig normal or ranched alkyl esters of
methacrylic acid, including methyl methacrylate, ethyl methactylate, n-buryl methacrylate,

laury! methacrylate, stearyl methaerylate; acrylate esters, such as C; to Cig normal or

JP 2004-509182 A 2004.3.25
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branched alky! esters of acrylic acid, including methyl acrylate, ethyl acrylate, n-butyl acrylate
and 2-gthythexyl acrylate; styrene; substituted styrenes, such as methyl styrene, a-mothyl
styrenc of f-butyl styrene; olefinically unsanmated nifriles, such as acrylositrile or
methacrylonitiile; olefinically unsuturated halides, such as vinyl chloride, vinylidene chloride
or vinyl fluoride; vinyl esters of organic acids, such as vinyl acetate; M-vinyl compounds such
as N-vinyl pynolidone; acrylamdde; meihacrylamide, substituted acrylamides; substituted
methacrylamides;  hydroxyallylmethacrylates  such  as  hydrowyethylmethacrylate;
hydroxyalkylacrylates; basic substiluted {meth)ucrylates and (methjacrylamides, such as
amine-substituted mcthacrylates  including  dimethylaminoethyl methacrylate, tertiary-
butylamineethyl methacrylate and dimethylaminopropyl methacryiamidﬂ and the likes; dienes
such as 1,3-butadiens and isoprene; vinyl ethers; or combinations thereof. The term “(methy”
as used herein means that the “meth” is optionally present. For example, “{methjacrylate™
means methacrylate or acrylate. )

The ethylenically unsaturated manomer ¢an also be a fonctional monomer including
for example monomers containing hydroxy, amido, aldchyde, ureido, polyether, glycidylalkyl,
keto functiopal groups or combinations thereof. These functional monoroers are generally
psesent in, the macromonomer at a level of from about 0.5 weight percent to about 15 weight
percent and meve prefizably from about 1 weight percent to about 3 weight percent, based on
the total weight of the graft copolymer. Lxamples of functional monomers include
ketofunctional monomers such as the acetoacetoxy esters of hydroxyalkyl acryiates and
methacrylates (e.g., acctoacctoxyethyl methacrylate) and keto-containing amides (c.g.,
diacetone acrylamide); allyl alkyl methacrylates or acrylates; glycidylalkyl methacrylates or
acrylates; or combinations thereof. Such functional monomer can provide crosshinking if
desired.

The macromonomer also contains as polymerized units less than abow 10 weight
percent, preferzbly less than sbout 5 weight percent, morc preferably less than 2 weight
percent and most preferably less than about 1 weight percent acid contnining monomer, based
on the fotal weight of the macromonomer. In a most preferred embodiment, the
macramonomer contains no acid containing monomsr, By “acid contaiping monomer” it is
meant any ethylenically unsatarated monomer that contains one or more acid functional
groups o functional groups that are capable of forming an acld (e.g., an anhydride such as
methacrylic anhydride or tertiary butyl methacrylate). Examples of acid comaining

menemets include, for example, carboxylic acid bearing cthylenically unsaturated mencmers
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such as acrylic acid, methacrylic acid, itacomic acid, malete acid and fumaric acid;
acryloxypropionic acid and {meth)acryloxypropionic acid; sulphonie acid-bearing monomers,
such &s styrene sulfonic aeid, sedium vinyl sulfonate, sulfoethyl acrylate, sulfoethyl
methacrylate,  ethylmethacrylate-2-sulphonic  acid, or 2-acrylamido-2-methylpropane
sulpbonic acid; phosphoethylmethacrylate; the corresponding saits of the acid containing
monomer, or combinations thereof.

The macromonomer also contains, as pofymenized, less thun about § mole percent,
preferably less than about 0.5 mole percent, and more preferably no mercapio-olefin
compounds, based on the total weight of the macromonomer. These mercapte-oletin
compounds are these as described in U.S. Patent No. 5247000 to Amick, which is
incorporated horein by reference in its entirety. The mercapto-olefin compounds described in
Amick have ester funciional groups, which are susceptible te hydrolysis.

In a prefersed embodiment of the present imvention, the macromonomer is composed
of at least about 20 weight percent, more preferably from about 50 weight percent to about
100 weight percent, and most preferably from about 80 to about 100 weight percent of at least
one o-methyl. vinyl monomer, a non a-methyl vioyl monomer terminated with a o-methyl
vinyl monomer, or combinations thereof In a most preferrsd embodiment of the present
invention the macromononter contains as polymerized units from about 90 weight pervent to
about 100 weight percent o-methyl vinyl monomers, pon c-methyl vinyl menomers
ierminated with «-methyl vinyl monemers, or combinatons thereof, based on the total weight
of the mucromemomer. Suitable c-methyl vinyl monomers include, for example,
wethacrylate esters, such as C; to O normal or branched alkyl esters of methacrylic acid,
including ethy]l methacrylate, ethyl methacrylate, butyl methacrylate, 2-ethylhexyl
methaetylate, isoburnyl methactylate, lawsyl methacrylate, or siearyl methaerylate;
hydroxyalkyl methacrylaies such as hydroxyethyl methacrylate; plycidylmethacrylate;, pheoyl
methacrylate; methacrylamide; methacrylonitrile; or combinations thereof. An example of a
non a-methyl vinyl mopomer terminated with an o-mevhyl vinyl monomer includes styrsne
terminated by a-methyl styrene.

One sldlled in the art will recopmice that there are many ways © prepawc the
macromenomer useful in the present nvenbion. For example, the macromenomer may be
prepared by a high temperature (e.g., at least about 150°C) coptiouous process such as
disclosed in U.S. Patent No. 5,710,227 or EP-A-1,010,706, published June 2, 20¥0, the

JP 2004-509182 A 2004.3.25
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disclosures of which are hereby incorporaiced by reference in their entireties. In a preferred
comtinuous proccss, a reaction mixhue of ethylenically unsaturated monomers are passed
through a heated zone having a temperatare of at least absut 150°C, und more preferably at
Jeast about 275°C. The heated zome may also be maintained ai a prcssure above almospheric
pressure (e.g., greafer than about 30 bar). The resetion mixture of monemers may also
opticitally contain a solvent such as water, acetons, methanol, isopropanel, propionic avid,
acetic acid, dimethylformamide, dimcthylsulfoxide, methyletbylketone, of combinetions
thereof i

The macromonomer useful in the present invention may also be prepared by
polymerizing ethylenically vnsahiraied monomers in the presence of a free radical initiator
and a catalytic metal chelate chain transfer agent (e.g., a transition metal chelate). Such a
polymerication may be carded out by a solution, bulk, suspension, or cmulsion
polymerization process. Suitable methods for preparing the macromonomer nsing a catalytic
metal chelate chuin transfer agent are disclosed . for example 1.5, Patent Nos. 4,526,945,
4,680,334, 4886861, 5028677, 5362826, 5,721,530, and 35,736,603, Furopean
publications EP-A-0199,436, and EP-A-0196783; and PCT publications WO §7/03605,
WO 96/15158, and WO 97/34934, the disclosures of which are hereby incorporated by
reference jn. their entireties.

Preferably, the macromonomer useful in the present invention is preparcd by an
agueous emulsion free radical polymerization proccss using a trausition metal chelate
complex. Preferably, the transition metel chelate complex ie a cobalt () or (IT) chelate
complex. such as, for example, dioxime complexes of cobalt, cobalt I porphyrin complexes,
or cobalt Il chelates of vicinal iminohydroxyimine compounds, dihydroxyimina compeounds,
diuzadihydroxy-iminedialkyldecadienes, or diazadibydroxviminodiallylundecadienes, or
combinations thereof. These complexes may optionally include bridging groups such as BF,,
and may alse be optionally coordinated with ligands such as water, alcohols, ketones, and
nitrogen bases such as pyvdine. Additjonal suitable transition metal complexes are disclosed
in for example U.5. Patemt Nos. 4,694,054; 5,770,665; 5,962,600; and 5,602,220, the
disclosures of which are hereby incerperated by reference in their entireties. A prefemred
cobalt ¢helate complex usefid in the present invention is Co 1 ¢2,3-dioxybninobutane- BF2)z,
the Co I anatogue of the aforementioned compound, ¢r combinations thereof. The spatial
mnéamems of such complexes are disclosed in for example EP-A-199436 and U.S. Patent
Mo. 5,756,605,
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L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

Q7

WO 01722689 PUTIUSOTZBRO2
8

I preparing macromonomer by an aquecus emulsion polymerization process using a
transition metal chelate chain transfer agent, at least one ethylenically unsaturated menomer is
pelymerized in the presence of a free radical initiater and the transition metal chelate
according to convertional aqueous emulsion pelymesization techniques,  Preforably, the
ethylenically unsahwrated menemer is an o-methsl vinyl monemer as previceusly deseribed
herein.

The polymerization to form the maeromonomer is preferably conducted at a
emperatire of from about 20°C o about 150°C, and more prefexably from about 40°C o
about 95°C. The solids Jevel at the completion of the polymerization is typically from about
5 weight percent to about 65 weight percent, and more preferably from about 30 weight
percent to about 50 weight percent, based on the (otal weight of the aqueous emulsion.

The concentration of inifiator and transifion metal chelate chain transfer agent used
during the polymerizaiion process is preferably chosen to obtain the desired degree of
pelymerization of the macromenoner. Preferably, the concentratien of initiator is from abont
0.2 weight percent (o about 3 weight percent, and more preferably from about 0.5 weight
percent (0 about 1.5 weight percent, based on the total weight of monomer. Preferably, the

concentration of transiiion metal chelate chain iransier apent is {rom about 5 ppm to about

204 ppro, and mere preferably from about 10 ppm to about 100 ppm, based on the total moles

of mononzer used to form the macromonormer.

The ethylenically unsaturated monomer, initiator, and tansition metal chelate chain
transfer agent may be added in any manner known to those skilicd in the art to carry ouf the
polymerization. For example, the monomer, initiator and transition metal chelate may atl be
present in the aqueous emulsion at the start of the polymerization process (ic., & batch
process). Alternatively, one or more of the components may be gradually fed to an aqueous
eolution (i.e., & continuous or semi-batch process). Feor example, it may be desired to
gracually feed the entire or a portion of the initiator, moncmer, and/or transition metal chelate
{0 a solution contaiming water and sucfactant. In a preferred embodiment, at least a portion of
the monomer and transition metal cholate are gradually fed during the polymerization, with
the remainder of the monomer and transition metal chelate being present in the aguecus
enulsion at the start of the polymerization. In this embodiment, the monemer may be fed a2

ts, or suspended or emulsified in an aqueous solution prior to being fed.

Any sujtable frec radical initiator may be used to prepare the macromenomer. The

inatiator is preforably selected based on such parameters as it sohubility in onc of more of the
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other componenis {¢.g., monomers, water); haif life at the desired polymerization temperature
{preferably a balt' life within the range of from about 30 minutes to about 10 hours), and
stability i the presence of the transition metal chelate, Suitable indtiators include for
example azo compounds such as 2,2-azobis (fsobutyromittile), 4.4-azcbis{4-cyanovaleric
acid), 2,2'-azobis [2-methyl-N-(1,1-bis(hydroxymethyl)-2-(hydroxyethyl)]-proptonamide, and
Z2%azobis  [2-methyl-N-(2-bydroxyethyl)]-propionamide; peroxides such as  #-butyl
hydroperoxide, benzoyl peroxide; sodium, polassivum, orf ammonium persulphate or
combinations thercof. Redox initiator systems may elso be used, such as for example
persuipbate or peroxide in combination with a reducing agent such as sodium metabisulphite,
sodium bigalfite, sodium [formaldehyde sulfoxylate, iscascorbic achd, or combinations thereof.
Metal promoters, such as jron, may alse optionally be used in such redox initiator systems.
Also, buffers, such as sodiwn bicarbonaie may be used as part of the initiator system.

An emalsificr is 2lso preferably present dvring the aqueous emulsion polymerization
process o prepate the macromonomer. Any emulsifier may be used that is effective in
emulsifving the monomers such as for cxample anionic, cafionic, or nonionic coulsifiers. T
a preferred embodiment, the emulsifier is anionic such as for example sodium, potassium, or
ammenium szlts of diadkylsulphosuccinates, sodium, potassium, or ammonium salts of
sulphated cils; sedium, potassium, or ammoniwm salls of alkyl swiphonic acids, suck as
sodium dodecy! benzene sulfonate: sodium, potassium, or ammonium salts of alky! sulphates,
such as sodium lawryl sulfate; sthoxylated alkyl ether sulfates; alkali metal salts of sulphanic
acids; Cjp to Czq fatty alechols, ethexylated fatty acids or fatty amides; sodium, potassium, or
ammonivm salts of fatty acids, such as Na stearate and Na oleate; or combinations thereof.
‘The amount of emulsifier in the aquecus emulsion is preferably from about 0.05 weight
pereent io about 10 weight percent, and more preferably from about 0.3 weight percent to
about 3 welght percent, based on the total weight of the menomers.

The macromenomer thus prepared is emulsion polymerized with cthylenicaliy
unsaturated monemer o form a copelymer cemposition sontaining graft copolymer particles.
‘The polymerization is carrfed out by providing the macromonemer as water insoluble
particles in a macromonomer aqueous emulsion and the ethylenically wneaturated monomer jin
a monomer composiion. At least a portton of the macromonomer agueeus emulsion s
combined with at Jeast # portion of the moenomer composition to form 4 polymerization

reaction mixture dhat is polymerized in the presence of an initiator.
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Although in ne way intendiog to be bound in theory, it 1s believed that by providing
the macromonomer in the form of watcr insolublc macromonomer particles in an agucous
emulsion, and the ethylenically unsatwrated monomer in a separste monemer composition,
upon cormbination, the athylenically unsatiueated roonomer diffuses inte the macromonomer
particles where the pelymerization oceurs. Preferably, the diffusion of she eibylenically
unsaturated menomer into the mecromonomer particles is evidenced by swelling of the
mActomonomer particles.

The macromeonomsr aquecus smulsion wseful in the present Invention may be formed
in any manmer known to those skilled in the art. For example, the macremoencmer, produced
by any known methed, may be isolated as a solid (e.g.. spray dited) and emulsified in water.
Algo, for cxample, the macromonomer, if prepared via an emulsion or aqueeus based
polymerization process, may be used as is, or diluted with waler or concentrated io a desired
solids fevel.

In a preferred embodiment of the present invention, the macremonomer agqueous
cmulsion s formed from the emulsion pelvmerization of an ethylenically unsawrated
monomer in the presence of a transition metal chelate chain transfer agent as described
previously herein. This embodiment is preferred or numerous reasons.  For example, the
macromonomer palymerization can be readily contrelled to produce a desired particle size
distribution (preferably narrow, e.g., polydispersity less than 2), Also, for example, additional
processing steps, such as isolating the macromonomer as a solid, can be avoided, leading to
better process economics. In addition, the macremonermer, macromencmer agueous emulsion
and the graft copolymer can be prepared by consecutive steps in a single reactor which is
desirable in a commercial manufacturizg facihity.

The macromonomer aqueous emalsion vseful in the present invention contains from
about 20 weight percent to about 60 weight percent, and more preferably from about 30
weight percent to shont 50 weight percent of at least ene water insoluble macromencmer,
based on the total weight of macromonomer agneous emmlsion. The macromonemer aqueons
emulsion may also contain mixtures of macromonomer, Preferably, the macromonomer
agueons emulsion containg less than about 5 weight percent and more preferably less than
about 1 weight pereent of ethylenically unsaturated maonomer, based on the total weight of
macromosomer aguecus emulsion.

The water insoluble macromonomer paricles bave a particle size to faom graft

copolymer of the desired parlicle siee. For example, the final graft copolymer particles size is
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directly proportional to the initial particle size of the macromonomer and the conceniration of
ethylenically wsaturated monomers in the polymerization reaction mixture, assuming all the
particles participate equally in the polymerization. Preferably, the macraomonomer particles
have a weight average particle size of from about 50 nm to about 500 mw. and more
preferably from about 80 po o about 200 nm as measured by Cuapiliary Hydrodymamic
Fractionation technique using a Matec CHDF 2000 particle size anatyzer equipped with a
HFLL {ype Ultra-violet deiecior,

The macromonomer aqueous emulsien may also include one or mors emulsifying
agents. The type apd amount of emulsifying agent is proferably selected in a manner to
produce the desired particle size. Suitable evwlsifying agents include those previousty
discloted for use in preparing the sacromonomer by an emulsion polymerization process.
Preferred emulsifving agents ore anionic surfactants such as, for example, sodium lauryl
sulfaie, sodium dodecylbenzene sulfonate, sunlfated ‘and ethoxylaied derivatives of
nonylphenols and faity alcohels. The total level of emulsifying agent, bazed on the total
weight of macromonomer is preferably from about 0.2 weight percent to about 5 weight
percent and more preferably from about 0.5 weight percent to 2bout 2 weight percent.

The monomer composition useful in the present invention contains at least one kind of
cthylcrically unsaturaied monomer. The menomer composition may contain all {i.e., 100%)
monomer, or eontain monomer dissolved or dispersed in an organic solvent and/or water,
Preferably, the level of monomer in the monomer composition is from about 50 weight
pexeent to 100 welght percent, more preferably from about 60 weight percent to about 90
welght percent, and mosi preferably from aboul 70 weight percent to about 30 weight percent,
based on the total weight of the mopomer composition. Examples of organic solvents that
may he present in the menomer composition inchide Cg t Cj4 alkanes. The organic solvent
in the monemer composition will be no more than 30 weight percent, and more preferably ne
more than 5 weight percent, based on the total weight of the monomer composition.

In addition to water and/or organic solveni, the monomer composition may alse
optionally comtain monomers containing functional groups, such as, for example, monomers
contaning hydroxy, amido, aldchyde, urgido, polyether, glycidylallyl, keto proups or
combinations thereof. These other monomers are generally present in the monomer
composition at a level of from about 0.5 weight percent to about 15 weight percent., and moxe
preferably fiom about 1 weight pereent 1o zbout 3 weight percent based on the total weight of

the graft copolymer. Examples of functional monemers include ketofunctional monvmers
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such as the acetoacstoxy esters of hydroxyalkyl zorylates and methecrylates (e.g.,
acetoacetoxyethyl methucrylate) and keto-containing amides (e.g., diacetone acrylamide);
alyl alkyl methacrylates or acrylates; glyeidglalkyl methaerylstes or acrylates; or
cambinations thereof. Such functional monomer can provide crosslinking if desired.

In a prefered embodiment, the monomers in the monomer cemposition are
preemulsified in weter to form a monomer aqueous emulsion. Preferably, the monomer
aqueous emulsion contains monomer droplets having a droplet size from about 1 micron to
about 104 microns, and more preferably from about 5 micron o about 50 micrens. Any
suitable emulsifying agent may be used, for example those previously described, to emulsify
the menomer te the deshed monomer droplet size, Preferably, the level of emulsifying agent,
if present, will be from sbout 0.2 weight percent to about 2 weight percent based on the total
weight of monomer in the monomer compasition.

The ethyienically unsatwated monomer of the monomsr composition is preferably
selected to provide the dusired properties in the resulting copolymer composition. Suitable
ethylenically unsaturated monomers inchide for example methacrylste esters, such as C) to
Cy3 normal or branched alicyl esters of methacrylic acid, including methyl methacrylate, cthyl
methaerylate, n-buiyl methacrylate, 2-cthylhexyl methacrylate, lauryl methacrylate, stearyl
methacrylate, isoborny] methacrylate; acrylate esters, such as Cy 0 Cig tonwal or branched
allcyl esters of acrylic acid, including methyl scrylute, ethyl acrylate, n-butyl acrylaie and
2-cthylhexyl acrylate; styrene; substituted styvenes, such as msthyl styrene, o-methyl stycenc
ar t-butyl styrene; olefinically unsaturated nitriles, such as acryloniwile or methacrylonitrile;
olefinically unsaturated halides, such ag vinyl chloride, vinylidene chloride or vinyl fluoride;
vimyl esters of organic acids, such as viuyl acetate; W-vinyl compounds such as N-vinyl
pyrolidone,  acrylamide;  methacrylamide;  substituted  acrylamides;  substituted
methacrylamides;  hydroxvalkylmethacrvlates swch  ay  hydroxyethylmethacrylate;
hydroxyalkylacrylates; diencs such as 1,3-butadiene and isoprene; winyl ethers; or
combinations thereaf. The ethylenically unsaturated monomer can also be an acid containing
monomer or a functional monomer, such as those previously described herein. Preferably, the
ethylenically unsaturated moonomer of the monomer composition docs nol contiin amino
groups.

In a preferred embodiment, the rovpomer compesition jncludes one or more
ethylenjcally unsawrated monomers selected from €y to Cig normal or branched alky? esters
of acrylic acid, including mathyl acrylate, ethyl acrylate, n-butyl acrylate and 2-ethylhexyl
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acrylate; styrene; substituted styrenes, such as methyl styrene, a-methyl styrene or t-buiyl
styrene; butadicne or combinations thereof.

As previously mentioned, the macromonomer aqueous emuision and monomer
composition are combined to fornn a polyinerization reaction mixture, and polymerized in the
presence of a free radical inftiator to fonn an agueous copolymer compositien. The term
“polymenization reaction mixtuce,” as used herein, refers to the resulting mixture formed
when at least a portion of the macromonomer aqueous emulsion und at least a portion of the
monomer coroposition are combined. The polyrerization reaction mixture may also centain
iniliator or any other additive vsed during the pelymerization.  Thus, the polymerization
reaction mixture is a mixiere that changes in composition as the macromenomer and
monomer in the monomer composition are reacted io form graft copolymer.

The macromonomer aqueons emulsion and monomer composition may be combined
10 various ways to carry out the polymerization. For example, the macromoenomer agueous
emulsion and the monomer composition may be corbined prior to the start of the
polymerization reaction to form. the polymerization reaction mixture. Alternatively, the
mezemer composition could be gradually fed inie the macromenomer agueous emulsion, or
the macromonomer aqueous emulsion could be gradually fed into the monowmer composition.
It is also possible that only a portion of the macromonomer aqueous emulsion and/or
monomer composition be combined prior to the start of the polymerization with the
remaining monemer composition and/or macromoenemer aqueous emalsion being fed during
the polymerization.

The initiater can also be udded in various ways. For example, the initiator may be
added in “one shot™ to the macromonomer aquecus emulsion, the manomer composition, or a
mixture of the macremenamer agueous emulsion and the monomer composition at the start of
the polymerization. Aliernatively, all or a portion of the initialor can be cofed as a separate
feed stream, as part of the macromonomer aquecus emulsion, as part of the monemer
composition, or any combination of these methods.

The preferred method of combining the macremenomer agueous emulsion, fhe
moenomer composition, and inidator will depend on such faclors as the desired grafi
copolymer composition. For example, the distribution of the roacromononzer as a graft along
the backbone can be affected by the concentrations of both the macromonomer and the
elhylepically upsaturated monomers at the time of the polymerization. In this regard, a batch

process will afford high concentrafien of both the macromonomer and the ethylenically
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unsaturated monomers at the onset of the pelymeiization whereas & semi-continudus process
will keep the ethylenically unsaiurated monomer concentration low dwing the
polymerization. Thus, through the metbod in which the macromenomer agueous emulsion
and monomer composition are combined, it is possible to control, for exumple, the number of
macromonomer grafts per polymer chain, the distribudion of graft in each chain, and the
length of the polymer buckbone.

Initiators useful in polymerizing the macromenomer and ethylenically wnsaturated
menomer mclude any suitable initiator for emoulsion polymerizations known to those skitled
in the art. The selection of the initiator will depend on such factors as the initiator’s solubility
in one or mere of the reaction components (¢.g. monomer, macremonomer, water); aod half
life at the desived polymerization temperature {preferably a half life within the range of from
wbout 30 minutes to about 10 howrs). Suitable wtiators include those previously described
herein in conmection with forming the mzcromonomner, such 2s azo compounds such as 4.4'-
azobis{4-cyanovaleric ucid), peroxides such as t-butyl hydreperoxide; sedium, potassium, or
ammaonium persulfate; redox initlator systems such as, for example, persulphate or peraxide
it combination with a reducing agent such as sedium metabisulfite, sodium bisubfite, sodinm
formaldehyde sulfoxylate, isoascorbic acid; or combinations thereof. Metal promoeters, such
us iron; and buffers, such as sodium bicarbouate, may also be used in combipation with the
initiator.  Addiiopally, Controlled Free Radical Polymerization (CFRP) methods such as
Atom Transfer Radical Polymerization; or Nittoxide Mediated Radical Polymerization may
be nsed. Preferred initiators include azo compounds such as 4,4-azobis(4-cyanovaleric acid).

‘The amount of jnitiator used will depend on guch factors as the copolymer desired and
the initiator selected. Preferably, from: about 0.1 weight percent to about 1 weipht percent
initiator is used, haged on the total weight ot monomer and macromonemer.

The polymerization temperature will depend on the type of imitiator chosen and
desired pelymerization mates.  Preferably, however, the macromenomer and ethylenically
unsaturated monomer ate polymerized at & tepnporature of fram about xoom temperature ic
abput 150°C, and more preferably from about 40°C 1o about 95°C.

The amount of macromonomer aqueous emulsion and monowmer composition added to
form the polymerization reaction mixture will depend on such factors as the concentrations of
macrommonomer and cthylenically unsarrated monomer in the macromonomer aqueous
emulsion and monomer composition, respectively, and the desired copolymer composition.

Preferably, the mactomonomer aqueous emulsion and monomer composition arc added in
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amounis o provide a copolymer containing as polymerized units of from about 2 weight
percent to about 90 weight percent, more preferably from about 5 weight percent to about 50
weight percent, and mest preferably from about 3 weight percent to abaut 33 weight percent
macromonomer, and fram about 10 weight percent fo about 98 weight percenmt, more
preferably from about 50 weight percent to about 95 wejglt percent and most preferably from
about §3 weight percent to about 95 weight pesceni cthylenically unsaturated monomer.

Ope skilied in the art will recogpize that other components used in conventional
emulsion pelymetizations may optionally be vsed in the methed of the present invention. For
example, to reduce the molecular weight of the resufting graft copelymer, the polymerization
may optionally be conducted in the presence of one or more chain transfer agents, such asg p-
dedecyl mercaptan, thiophenol; halogen compounds such ag bromolrichloromethane; or
combinetions thereof.  Alsc, additional initiator andfor catalyst may be added to the
polymerization reaction mixture at the completion of the polymesization reaction to reduce
any residval monomer, (e.g., chasing apents). Suitable initistors or eatalysts include thasc
jnitiators prcviously described hcrein.  Tn addition, the chain transfer capacity of a
macromonomer throvgh addition-frapmentation can be utilized in part to reduce molecnlar
weight through appropriate design of monomer compositions and polymetization condilions,
See r.g., E. Rizzardo, et. al., Prog. Pacific Polym. 8., 1991, 1, 77-88; G. Moad, ef. al., WO
Y6/15157.

Preferably, the process of the present invention does nof require neutralization of the
monomer, of resuliing agqucons copolymer composition.  These commponents preferebly
remain 1o unneutralized form (e.g., no aeutralization with a base if acid fonetional groups ate
present).

The resulting aqueous copolymer composition formed by polymerization of the
macromonomer and the ethylenically unsarurated monomer in the monemer composition
preferably has 2 solids Ievel of from about 30 weight percent 1o about 63 weight percent and
more preferably from about 40 weight percent to about 60 weight percent. The agueous
copolymer composition preferably contains copolymer particles that are water insoluble and
bave a particle size of from about 60 nin to about 500 nm, and more preforably from about 80
nm to about 2040 nm.

The praft copolymer formed preferably has a backbone containing, as polymerized
units, the ethylenically unsaturated monomer from the mopomer composition, and one or

more side chains, pendent from the backbone, containing the macromenomer. Preferably,
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each side chain s formed from one macromongmer gratted to the backbone. The depree of
polymerization of the macromoenomer side chaing is preferably in the range of [rom about 10
to abeut 1000, and more preferably in the range of fram about 20 to shout 200, where the
degree of polymerization is cxpressed as the number of polymerized vmits of ethylenically
rosaiurated mopomer used to form the mactomononer. The fotal weight. average molecular
welght of the graft copolymer is preferably o the range of from about 50,000 iv about
2,000,000, and more preferably from about 100,000 to about 1,000,000. Weight average
molecular weights a5 used herein can be determined by size exclusion chuomatography.

The copolymer parhicles of the agueous copelymer composition can be Isolated, for
example, by spray dryiog or coagulation. However, it is preferable to use the copolymer
aqueous composition as is.

In a preferred embodiment of the present invention, the polymerization is conducted
in two stages. To thc first stage, the macromonomer is formed in an aqueous emulsion
polymerization process, and in the second stage the macromonomer is polymerized with the
ettiylenically unsaturated monomer in an emulsion. For efficicncy, preferably these two
stages are conducted in & single vessel. For example, in the first stage, the macramonomer
agueous emulsion may be formed by polymerizing in an squecus ermulsion at lcast one first
ethylenically unsatarrated monomer to form water insoluble macromonemer particles. This
first slape polymerization is preferably conducted using a lransition mefal chelate chain
iransfer agent as previously deseribed herein.  After forming the mascromonomer aqguenus
emulsion, 2 secand emulsion polymerization is preferably perforrmed in the same vesse] to
polymerize the macromonomer with at least one second cthylenically unsaturated meonecmer,
This gceond stage may be condueted for example by direcily adding {e.g., all at once or by a
gradual feed) the monomcr composition and initiator to the macromonpimer agueous
cmulsion. One main advantage of this embodiment is that the macromenamer does not heve
to be isolated, and the second polymerization can take place simply by adding the monomer
composition and initiator 1o the macromonomer aqueous ernulsion.

In another preferred embodiment of the present invention, the polymerization of the
macromonemer ang ethylenically unsaturaled monemer is at least partially performed iz the
presence of an acid confaining ronemer, acid containing macromonomer, or combinations
thereof. The acid containiug monomer or acid confainj.ng macromonemer may be added in
any maoner to the polymerization reaction mixturs. Preferably, the zcid confaining monomer

or acid containing macromonomer i3 present in the monomer composition. The acid
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containing monomer or acid conteining macremonomer may also be added as a separae
streans to the pelymerization reaction mixture.

The amount of acid containing monomer or acid containing wacromonvmer added to
the polymerization reaction mixfure is preferably from about 0.2 weight percent to about 19
weight percent, more preferably from about 0.5 weight percent to about 3 weight pereent, and
mast preferably from about 1 weight percent to about 2 weight percent, based on the teta]
weight of monomer and macromonomer added to the polymerization reaction mixture.

Acid containing monomers which may be used in this embodiment include
efhylenically unsatursted monomers bearing acid [unctional or acid forring groups such as
those previously deseribed hercin. The acid containing macromoncmer useful in this
embodiment is any low nelecular weight polymer having at least one terminal ethylenically
unsaturated proup that is capable of being pelymerized in a free radical polymerization
process, and that is formed from ai least one kind of acid containing monoter. Preferably,
the amount of acid containing monomer in. the #eid containing macromonomer is from about
50 weight percent to 100 weight percent, more preferably frem about 90 weight percent to
100 weight percent, and most proferably Fom about 95 weight percent to 100 weight percent.

The acid containing macromonemer may be prepared according to any lechmigue
known to those skilled m the art such os those previously deseribed herein. In a preferred
embodiment of the present invention, the acid containing magromonomer is prepared by a
sulution polymerization process using a free radical initiator and trausition mefal chelate
complex. An example of such a process is disclosed in for example U.S. Paient No.
5,721,330, which is incorporated by reference in its entivety. Prefemred acid containing
monomers nsed 1o form the acid containing macromonomer arc a-methyl vinyl mepomers
such as methacrylic acid.

In another preferred embodiment of the present invention, a macromolecular organic
compound having a hydrophobic cavity is present in the polymerization medium used to form
the macromonomer andfor aqueous copolymer compesition. Preferably, the macromolecular
organic compound is used when copolymerizing cthylenically unsatrated monsmers with
very low water solubility such as laury] or stearyl aerylaies and/or methacrylates. By “low
water solubility™ it s meant a water solubility at 25°C to 50°C of no greater than 50
millimoles/liter. For example, the macromolecular organic compound may be added fo the
monamer compasition, the mEcromonomer aquecus emulsion, or the polymerization reaction

mixmre used to form the aqueous copelymer composition. Also, for example the
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macromelecular organic compound may be added to an agueous emulsion of ethylenically
unsatwated wonomer nsed to form the macromonomer. Suitable technigues for using a
macromolecular organic compound having z hydrophobic cavity are disclosed in, for
example, U.S. Patewt No. 5,521,266, the disclosure of which is hereby incorperated by
reference in its entirety.

Preferably, the macromolecular organic compeund having 2 hydrophobic cavity is
added to the polymerization reaction mixture to provide a molar ratio of macromolecnlar
organic cempound to low water solubilify menomer or macremonomer of from about 3:1 to
about 1:5000 and mere preferably from about 1:1 te about 1:500,

Macromslecular organic compounds having a hydrophobic cavity useful in the present
inveotion. include for exemple cyclodextrin or cyclodextrin  derivatives; eyelic
oligosaccharides having a hydropbobic cavity such as cycloinulohexose, eycleinuiobeptose,
or cycloinuloctose; calyxarcnes; cavitands, or combinations thereof.  Preferably, the
macromelecular organic compound is $-cyclodextrin, more preferably methyl-B-cyclodextrin.

Monomers having low water solubllity include for example primary alkenes; styrene
and alkylsubstitated siyrene; a-methyl siyrene; vinyltoluene; vinyl esters of Cy 10 Cxo
carboxylic acids, such as vinyl 2-cthylhexanoate, vinyl neodecanoats; vinyl chloride;
vinylidene chloride; N-alkyl substituted (meth)acrylarnide such as octyl acrylamide and
maleic acid amide; vinyl allyl or aryl ethers with (C5 -Csp) alkyl groups such as stearyl viny!
cther; (C) -Cag) alkyl esters of (methlacsylic acid, such as methyl metheerylate, cthyl
(methjacrylate, butyl {methiacrylate. 2-sthylhenyl {methacrylate, benryl (meth)acrylate,
Jauryl (meth)aciylate, oleyl (methyacrylate, palmity]l (methjacrylate, stearyl {meth)acrylate;
wnsaturated vinyl esters of (meth)acrylic acid such as those derived from fatty acids and fatty
alcohols; multifunctional monemers such as pentacrytluitol triacrylate; monomers derived
from cholesterol or combinations thereof.

In anothet aspect of the presemt invention an agqueous copolymer composition is
provided that is preferably produced by the method of the present invention as previously
described barein. TThe agueous copolymer somposition containg water insoluble particles of
graft copolymer that arc preferably comb copalymer particles. The comb copolymer particles
preferably have a weight average particie size of from about 50 nn to about 500 om, and
more preferably from about 80 nm to gbout 200 nm.

Preferably, the particles of grafi copolymer contain from about 2 weight percent to
abour 50 weight parcent, and more preferably from aboul 3 weight percont (o about 50 weight
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percent polymerized anits of a macromonomer, based on the total weight of the copelymer,
vhere the macromonomer preferably hus a composition as previously deseribed herein for the
water inseluble macromenomer present in the macromonomer aqueous emulsion. The graft
copolymer particles also preferably contain frem about 10 weight percent Lo about 98 weight
percent, and more preferably ftom about 50 weight poreent to about 95 weight percent
polymerized units of ai leasl one wthylepically upsaturated monomer, based on the total
weight of the copolymer. The ethylenically unsaturated monomer may be any sthylenically
unsatursted monomer thai provides desirable properties in the copolymer particles, such as
those useful in the menemer composition as previously desceribed herein.

Preferably, the backbone of the graft copolymer 1s lincar. Compositionally, the
backbone of the copolymer preferably comtains polymerized unils of the ethylenically
unsatwated monomer derived from the monemer composition. Freferably, the backbone
contains less than 20 mole poreent, and more prefersbly less than 10 mole percent of
pobymerized macromonomer derived from the macromoncmer aqueons emulsion based on
the tetal moles of the copolymer.

The side chains of the prall copolymer preferably contain polynoerized units of the
macromonomer.  [n a preforred embodiment of the present invention, each side chain
comptises onc macromonomer. Additionally, the side chains contain less than 5 weight
percent apd more preferably less than 1 weight percent of the polymerized ethylenically
unsaturated monomer derived from the monomer composition, basced on the total weight of
the side chains.

Preferably, the overall weight average molecular weight of the grafi copolymer is from
about 30,000 to about 2,000,000, and macre preferably fom about 100,000 to about
1,000,000,

In a preferred enthodiment of the present invention, the water inseluble copolymer
patticles further coniain from. about 0.2 weight petcent to 2bout 10 weight percent, more
preferably from nbout 0.5 weight percent to about 5 weipht percent, and most preferably from
about 1 weight percent to about 2 weight percent of an acid comaining macromenomer, based
on the total weight of the graft copolymer. The acid conlaining macromonomar peeferably
has a composition as previously deseribed herzin,

Although in no way intending to be bound by theory, it is believed that the acid
containing macromonomer is attached to the surface of the water insoluble graft copolymer

parlicles and provides stability. By “attached,” as used herejn, it is believed thal the acid
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conlaining macromonomer is bound in some manner (c.g., covalent, hydrogen bonding, ionic)
to a polymer chain in the parlicle. Preferably, the acid containing macromonomer is
covalently beund to a polymer chain in the parficle. It has been found that the acid containing
macromoenomer provides stability to the particles such that the agueous copolymer
compoesition produced exhibits upexpected improved shear stability; freeze thew stability; and
stubility 1o additives in formulations, as well as rcduction of coagulums dusing the
polymerization.  Although improved stability can be achieved using acid confaining
monomer, these berefits are most dramatic when an acid containing macromonomer is used,

The aqueous eopolymer eomposition in addition to the copolymer particles preferably
contains less than about 10 weipht percent, and more preferably less than about 1 weight
percent of organie solvent  In a most preferred embodiment, the aqueous copalymer
composition containg no organic solvent.

An advaniage of using the method of the present invention to prepare the aqueous
copolymer composition is that the resulting copolymer composition contaius low levels of
hamoepolymer, such as for example homopolymer of ethylenically unsaiurated monomer
derived from the monemer eomposition ar hemopelymer of macromenomer derived from the
macremonamer aquecus enndsion.  Preferably the aquecus copolymer composition comtaing
less than about 30 weight peroent anéd more preferably less than about 20 weight percent of
bomopolymer of macromanomer, based on the total weight of the prall copolymer.
Preferably also the agueons copolymer composition contains less than about 30 weight
percent und more preferably less than about 20 weight percent of homopolymer of
ethylenically unsaturated monomer.

The aqueous copolymer compositions produced by the mcthod of ihe presenmt
invention are useful in a variety of applications, For example, the aqueous copolymer
compositions may be used in architectural and industrial coatings including paints, wood
coatings, or inks; paper coalings; textile and nopwoven binders and finishes; adhesives;
magtics; floor polishes; leather coatings, plastics;, plastic additives; petroleumn additives;

thermoplastic elastomers or combinations thereof.

EXAMPLES
Some embodiments of the invention will zow be deseribed in detail in the following
Examples. The following abbreviations shown in Table | are used in the exarples:
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Table 1: Abbreviations

Ahbbreviatisn .

A-16-22 Folystep A-16-22, anionic surfactant, supplied as 22% solids by
Stepan Cormpany, located in Morthfield, Illinois.

BA Butyl sacrylate

B Butadiene

BMA Butyl raethacrylate

CoBF Co(IT)-(2,3-dioxyiminobutane-BE;),

CVaA 4,4-azobiz(4-cyanovaleric acid)

Fe 0.15% Femows sulfate in water

DES Dadecy| benzene sulfonate

GC Gas chromategraph

SEC Size exclusion chromatography

IIPLC High pertormance liquid chromatography

Init. Initiater

IR Infrared spectroscopy

LCCC Liguid chromategraphy under critical conditions

MAA Methaerylic acid

MMA Methyl methacrylate

Mn Number average molecular weight

NaMBS Sodium roetabisulfite

NaPS Sodium persulfute

oD Dodecyl mercaptan

OT-100 Aerosol OT-100, anienic surtactant, supplied as 100% active by
Cytec Industries [ne., located in Morristown, Mew Jersey.

PMAA-MM Toly-methaciylic acid macromonomer

PMMA Methyl methaerylate homopolymer

PMMA-MM Poly-methyl methacrylate mactomeonomer

Poly-(BA-g BMA) | Grafi copolymer of BA with BMA side chains

Poly-(BA-o-MMA) | Graft copolymer of BA with MMA side chains

Poly-{BT-e-MMA) | Graft copolymer of BD with MMA side chains

Waka VA-044 2,2 -azobis[2-(2-imidazolin2-2ylpropane] dikydrochlonide

In the Examples, monoiner conversion was deterniined by GC analysis of unreacted
monotmer using standard methods. Weight percent solids for the mecromonomer and
copolymer compesitions were deterrnined by gravimettic analysis.  Particle size of the
macromonomer and copelymer compositions were obtatned using & Matee CHDF 2000
parlicle size analyzer equipped with a HPLC type Ulira-violst detector.

Except where noted differently, mactomonomer was measured for number average
molecular weight by SEC using a polystyrene standard fiom Polymer Laboratories (PS-1)
having a peak avermge molecular weight ranging froro 380 to 7,500,000 with narrow
molecular weight distribution. Conversions from polystyrene 0 PMMA, were made using
Mark-Houwink constants. Copolymer composiions were cvahliated for mumber average
molecular weight and weight average melecular weight vsing SEC as deseribed above.
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Comparative Exazple 1.0

Low molecular weight MMA polymer was prepared by an aqueous emulsion
polymerization process using a conventional chain transfor agent. The polymerization was
conducted in a 2-Yiter, four neck round botiom reaction flask equipped with a mechatical
stisrer, temperatzre control device, comdenser, monomer feed line and 2 nirogen inlet
according to the following pracedure,  To the reaction flask were added 433.7 grams of
deivnized water, 2.0 grams of A-16-22, and 1.35 grams of an aqueous solulion vontaining 52
wi% mothyl-G-eyclodexinin to form a surfactant solutfon. A moenomer emulsion containing
125g of deionized water, 3g of A-16-22, 305g of MMA and 5g of rRDDM was prepared
separately. Additionally, an initiator solution was prepared by dissolving 1.36g of NaBS in
72.3 g of deienized water. The surfactant solution was heated 1o 80°C after which 60% of the
total initiator solution was added to the reaction flask. The monomer enulsion and the
remaining initiator solution were then f&d over a period of 60 minutes. At the end of the feed
period, the reaction mixture was maintained at 80°C for an additional 30 minutes, followed
by cooling and {filiering. The resulting low meolecular weight MMA smulsion contajved 31.0
wit% solids. The MMA. polymer bad a number average moleeular weight (Mn) of 21700,

Examples 1.1 to 1.8 - Preparation of PMMA-MM by Emulsion Polymerization

MMA macromonomer (PMMA-MM) was prepared by emulsion polymerization
proceases in Examples 1.1 to 1.8 using the swme equipment described in Comparative
Example LO. The specific amounts of water, surfactant, MMA, chain transfer agent (CTA},
and jnitiafor used in Examples 1.1 to 1.8 arc shown in Table 2. These ingredients were added
according to the following procedure. In a different flask fem the reaction fask, 2 monotoer
solution was prepared by dissolving the chain transfer sgent in MMA vader a nitrogen purge.
Deionized water and surfactant (O1-100) were iniroduced inte the xeaction flask at room
temperature 10 form a water surfactant solution. The water surfaclant solution was mixed and
heated to BU°C with stirting under a witrogen puxge.  Upon reaching a temperature of B80°C,
and upon complete dissolution of the surfactant, the initiator (CVA) was added to the water
surfactant solution with stiring for 1 minute to permit the initiator to dissolve. After
dissolution of the initiator, 20 percent by weight of the monomer solution was added to the
renction. flask with stiring, Following this initial charge, the remaining monomer solution
was fed over a period of 1 o 2 hours, with etiming, to Joim a yeaction mixture. A1 the end of
the feed period, the reaction mixture wos msatained at 80°C for ap additional | to 3 hours.
The reaction mixturs was then cooled to room temperature and paysed through a filter cloth io
TCRINVE dny coagmlum.

Getterally, the resulting macromonomier #rmulsion contained less than 3 weight poreent
coagulum based on the toial weight of macromenomer, and the conversion of monomer was
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over 99 weight percent, based on the tofal weight of monomer added. The Mn, weight
percent solids and particle size for cach macromonomer are reported in Table 2.

Table 2: Preparation of PMMA-MM

W H;0 | Surfactant | MMA | €TA | Initiafor | I"ari. Mn Wt %
© | @° @ |pom®| (P | Sime Solids
(onm)

11 720 3.6 324 40 3.6 165 2430 32.0
1.2 T20 3.6 324 8.7 3.6 126 | 12612 | 310
1.3 720 3.6 324 10.9 36 158 0636 310
1.4 720 3.6 324 80.6 36 231 1386 303
15 720 36 324 218 36 pit]} 4416 291
1.6 720 3.6 324 10.7 3.6 169 7931 30.5
1.7 720 3.6 ELiY) 11.8 3.6 153 | 10185 | 32.0
1.8 1440 12 720 152 12 167 7237 32.0

M s moles of chain transfer agent (CoBF) besed on total moles of monomer.
B VA, sapplied by Aldrich a3 a 75 weight percent aqueons solution. of initiator.
@ OT-100.

Examplel: Preparation of PMAA-MM By Solution Polymerization

An MAA macromonomer (PMAA-MM) was prepared by an agueous solution
polymerization proccss in a 2-liter baffled flange flask equipped with a mechanical stirrer,
condenscr, fomperature contzol device, initiator teed lines and a nitrogen inlet. The apparatus
was purged with nitrogen for 30 minutes after 0.018 g of CoBF was added. Dicionized water,
1080 2, was charged 10 the flask and heaied to $5°C under a nitrogen purge. A monomer
mixwre congmmng 510 ml of MAA apd 0.01 g of CoRF was prepared separately under
nitegen. When the deionized water reached a teroperature of 55°C, 1,94 g of initiator (Wake
VA-044) was added to ihe reaction flask. Following the addition of the imitiator, the
monomer ixture was added over a period of 60 minutes to e reaction flask with stiring.
The tempersture was ther held at 55°C for 2 hours following completion of ihe monomer
mixture feed, Upon cooling the reaction flask to room temperature, the MAA-MM {Example
2.1) was isolated as dried polymer by rotary evaporation. The number average molecular
weight {Mn) of the MAA-MM was determined by proton nuclear magnetic resonance to be
4830 based on the integration of the vinyl end group with respect to the methyl and methylens
groups of the polymer chain.

Example 3: Preparation of Poly<(BA-p-MMA) Graft Capolymers by Batch Emulsion
Polymerization Process

Comparaiive Example 3.0C and Examples 3.1 to 3.15 grafi copolymers weic prepared

by a batch emulsion polymerization precess in a 1-liter, four neck round bottom reaction flask

cquipped with a mechanical stirrer, condenser, temperature control device, initiator feed lincs
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and a mifrogen inlet. The specific amounts of PMMA-MM (as emulsion}, water, swfactant,
acid containing monomer (marked "acid" in Table 3}, BA, initiator, and buffer used are
shown in Table 3. These ingredionts were added according to the following procedurs.
Deionized water ([1;0 #1 in Table 3) and PMMA-MM emulsion oblained from the example
indicated mn Table 3 (sub-column marked "Ex" under the "PMMA-MM" column) were
introduced into the reaction flask at rocin tersperature. A rmonomer enculsion of deiomezed
water (H;0 #2 in Table 3), surfactant, acid containing monomer, and BA was prepared. The
menomer smulsion io Cxample 3.13 additionally contained 0.13 g of xDDM, The monomer
eroulsion was introduced into the reaction flask at room temperziure with stirring to form a
reaction mixture, After stirting for 20 minutes, the reaction mixture was heated to the
reaction temperature indicated in Table 3.

Onee the reaction temperahye was reached, an initiator and eptionally a buffer were
introduced inta the rcaction fiask with atirring according to the following procedures.  For
examples 3.1C; 3.2; 3.3 and 3.4 to 3.8, both the buffer and initiator listed in Table 3 were
added as a single shot to the reaction flask. For examples 3.9 to 3.12 and 3.16, 20% by
weight of the injtiator solution was added in one shot to the reaction flask, with the remainder
being fed over 1 to 2 hours. Tor the examples prepared with, a redox initiator {3.13 to 3.15),
one third of the NaP§ and NaMBS were added in one shot to the reaction flask, with the
remainder fed over 1 to 2 bours. Also, for the redox initator system, all of the Fe and
NeaCO; were added to the reaction flask at the beginning of the NaP$ and NaMB8 feeds.
Adfer the initiator and buffer were added, the reaction mixture was maintzined at the reaction
temnperature for a period of 1 to 2 hows. The resulting copolymer composition was analyzed
for conversion and other properties as described in Exumple 10. The conversion of BA, as
determined by standerd GC methods, was greater than 99 weight percent based on the total
weight of BA charped.
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Poly{BA---MMA)} Grait Copolymers Prepared by Batch

Table 3: Preparation of

Process

Example| PMMA- [ B0 | H.O [ Surt™ [ RA | Temp. Init. Buffer®! | Acid

MM # | # 23] @ "C) [£43 @ ®
@ | @
Fx | Amt.
()

3.0C® Jiolr4670 22 [ 25 | 22 [ 826 | 90 0.05% 01 [1.967
32 [14] 100 [ 14 [208] 048 [ 557 [ 70 063 [ 0
33 [13] 97 | 17 (208 049 | 557 | 70 0,63 0 0]
34 J1afsesl o [ 19 ] 11 | 478 80 0,07 005 [0.98
35 [15] 52 [ 6 19| 1.1 1478 | &0 0.07% 005 [0.987
36 |1e[s533 ] o [z03]| 11 | 478 | 80 007 0.04 098"
3.7 |13]sz4 ] o |18 [ 1.1 [ 478 [ 80 0.07% | 005 .98
38 [1z] 52 [ o J19| 11 | 478 | 80 0.67% 0.05  [0.98
39 [13] 216 [ 59 [468] 11 1238 80 1.05% [i] 239
330 [1.3] 84 [ 77 [ 39 | ost | 103 80 0079 0 1.3%]
301 03] 42 [ 4z [ 102 [ 115 30 0.067% [} 139
312 (137 21 [z 463 108 [1225] 80 0.07% 0 [13®
713 (18] 71 ] 0 | 20 | 11 [#137] 00 | Redox® | 0.5 |098
304 18701 o |14 U 1a [ 413 | 70 | Redox™ | 0.05 098
315 (1871 o [14 ] 10 [ 413 [ 95 | Redox™ | 005  [0.987
16 [13]728 [ 17 [156] 037 [ 413 80 0.359 0 .75

D013 g nDDM was added to the monowmer emulsion.
@ Erhoxylated Cq 6 Cyg alkyl cther sulfate having from | to 40 cthylene oxide groups per
molecule (30% active in water), except for Example 3.12 which was prepared with A-16-22 .
O upersal 11 supplied by EIf Atocheim.
“Redox initiator system comtained 0.07g NaP§ m 3g water; 0.06g NaMBS in 3g water; and

0.7g Fe.

“NaPS disselved in 5-20 g of water.

BN AA

T'PMAA-MM (prepared by method of Example 2.1)

B amparative prepared with PMMA having no terminal ethylenically unsaturated groups.
®Sodium carbonate dissolved in 5z of water,
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Example d: Preparation of Poly-(BA-g-MMA4} by Semi-contimuous Process

In Examples 4.1 to 4.5, graft copolymers were prepaved by a semi-continuous
emnlsion polymerization process in a 1-liter round bottom flask with four neck squipped with
& mechanical stirrer, temperature contyol device, initiator feed lines and a nitrogen inlet. The
specific amounts of PMMA-MM {as emulsion), water, surfactint, BA, acid containing
monomer, and initiator used in Examples 4.1 to 4.4 arc shown in Table 4. These ingredients
were added according to the follewing procedure. A roonomer emulsion of deionized water
(H0 #2 in Table 4), surfactant, and BA was prepared in a separate flask. The monomer
emulsion in Example 4.2 additionally ceniained 9.13 g of nDDM. Delonized water {HzO #1
in Table 4), acid containing monamer, and PMMA-MM obtained from the example indicated
in Table 4 (sub-column marked "Ex" uuder the "PMMA-MM" column} were inbroduced into
the reaction flask af room tempcrature to form a reaction mixture. The resction mixiure was
heated to the reaction temperature indicated in Table 4 while sticring under a nitrogen purge.
Upon reaching ihe reaction temperature, an initiator and bufler (if desired) were inwoduced
into the reaction flask with sfirring according to the following procedures. For examples 4.1
to 4.3 (prepared with & redox inifiator), one third of the NaP8 and NaMBS, aad ali of the Fe
and NayCOy were added in one shot to the reaction flask. The remaining MNaP8 and NaMBS
was then cofed with the monemer emulsion over a Q0 mioute period. Tn Example 4.4, one
third of the NaP8, and all of the NayCOQs; were added i one shet to the reaction flask,
followed by cofeeding the monorer emulsion with the remaining NaPS over a 90 minute
peried. Upon completion of the feeds, the reaction mixture was mainiained at the reaction
temperanye for a period of' 1 1o 2 hours. “The resulting copolymer composition was anatyzed
for conversion and other properties as <escribed in Example [0. The conversion of BA,
determined by stardard GC methods, wes greater thun 99 weight percent based on the otal
weight of BA charged
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Tahle 4: Preparation of Poly-(BA-g-MMA)} Prepared by Semi-Continnous Process

Example| PMMA- [ 0 | HoO [ Surk® | BA Temp. Init. Buifer®™ | Acid
L I I = N e ) @ |@
- g | @ )
Fx | Amt.

41 [17]e9s [ 223 11 {413 | 90 |[Redox® | 005 [0SR

a2 (18] 71 [0 10 | 11 [413%] 90 [Redox®™ | 011 [09%
43 (18] 7t [1o0] 10 [ 11 [ 413 | 90 |Redox™| 011 [098
44 (18] 7t T3 18] 11 | 413 90 0169 0.11 |9.98
0,13 g nDDM was added to the monemer emulsion.

@ Biioxylated Cg to Cig alkyl ether sulfate having from 1 to 40 ethylene oxide groups per
molecule [30% active i warer).

@ Redox initiater system include 0,16z NaPS in 6g water; 6.14g NaMBS in 6g water; and
0.7g Fe.

) NaPs dissalved in 10g of water.

¥ godiwm carbonate dissolved in 3g of water.

©) PMAA-MM (prepared by methad of Example 2.1)

Example 5:  Preparation of Poly-(BD-g-MM.A) graft copelymers

A graft copolymer having a backbone of BD and side chains of MMA wras
prepared in accordance with the methed of fhe present ovention. The graft copolymer was
prepared in twe stages. In the first stage, PMMA-MM was prepared in accordance with the
procedure vsed in Baample 1, except that the following amounts of ingredients shown in
Table 5a were used to replace the coresponding ingredients in Table 2:

Table Sa: Ingr is used in Preparation of BMA Macro
Ingredient Amounnt Charged
H0 23801
Surfactant (A-16-22) 55¢
MMA 1197 g
CoBF 10.9 ppm™
Toitiator (CVA) 126g

) Bascd on total moles of MMA monomer.

The resulting PMMA-MM had an Mn of 10,200.

In the szcond stage, a graft poly-(BD-g-MMA) was prepared it a steel pressure reactor
equipped with a mechanical stirrer, temperature control device, and feed les. Ingredients A
tbrough 1, shown in Table Sh, were charged to the reacior at room ternperature. The reactor
was then sealed and vacuum was applied, with stirring, to reduce the reactor pressarc to 1§
inches of Hg. Butadiene (E} in Table 50 was quickly pumped into the reactor and stirred for
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10 minutes.  Following stimring the reaction mixture was heated to 60°C for 30 minutes.
After the reactor temperature stabilized to 60°C, ingredients F, G, and H in ‘I'able 5b were
gradunlly pumped inio the reactor over = period of 7 hours. Following completion of the
feeds, the reaction mixture was held for 60 minutes at 60 °C.

Tabk: 5b: Ingredients used in Preparation of Poly-(BD-g-MMA) Grafi Copolymer

Ingredient Ampunt Charged
A H0 #1 60494 g
B Acetic acid 43g
C PMMA-MM {gs emulsion) 134971 g (Exampl: 5a)
T H,0 #2 {usc for rinsing) 250 g
E BD 87is5ge
| F i-butyl peraxide (2% solution) 1974 g
[ G | 8v5™ (1% solution) 26335 g
| H | Acrasol-OT (75% solution) 15lg

N Sodium formaldehyde sulfoxylate

"H NMR_ analysis of the gratt copolymer in tstrahydrofuran showed a weight percent
ratio of BD 10 MMA. of 65.2 to 34.8. Analysis of the unreacted PMMA-MM by BPLC
showed aa ipcorporation of PMMA-MM of about 44 wi% based on the total weight of
FPMMA-MM added. HP1.C showed a predominant BD/MMA grait copolymer pealk (verified
by IR). Differential scanning calorimetry showed two phase transitions at -79.8° and
110.4°C, respectively. The graft copolymer composition bad a solids content of 15 wi% and
wefght average particle size of 107 nm.

Example 6: Preparation of Poly-(BA-g-BMA) Gratt Copolymer

A graft copolymer having a backbone of BA and side chains of BMA was prepared in
accordance with the method of the present invention. The graft copelymer was prepared in
two stages. In the first stage, butyl methacrylate macremonomer was preparcd in accordance
with the procedure nsed in Example 1, except that the following amounts of ingredients
shown in Table éa were nsed 10 replace the corresponding inpredients in Table 2:

JP 2004-509182 A 2004.3.25



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(58)

WO 01722689 PUTIUSOTZBRO2
24

Table 6a: Ingredients used in Preparation of BMA Macromonomer

Ingredient Amount Charged
1L,O g

Surfactant {Aerosol OT-100) 36g

BMA. ihg

CoBF 10.5 ppm™
Inifator (CVA) 36g

) Based on total moles of BMA monomer

t

The resulting BMA macromenorer had ap Mn of 8900

In the second stage, 2 graft poly-(BA-g-BMA) was prepared using (= procedure
described in Example 3, except that the following amounts of ingredients shown in Table 6b
were used to roplace the corresponding ingredients in Table 3, and a reaction temperature of
85°C was used,

10
Table 6b: Ingredients used in Preparation of Poly-(BA-g BMA) Graft Copolymer
Ingredient Amount Charged
FBMA-MM {as emulsion) §4.] g (Bxample 62}
HaO #2 i5g
Surfactant™ l1lg
RA 413 g
Initiator Redox
Acid {PMAA-MM) 0.98 g (Example 2.1)
O Redox inlifator system was 0.07g NaP$ in 3g water; 0.06g NaMB$ in 3¢ water;
.05 NazCOs in 3g water and 0.7g Fe.
@ Ethoxylated Cg to Crg alkyl ether suifate having from 1 to 40 ethylens oxide groups
15 per molecule (30% active in water),

The graft copelymer formed contained 63.5 weight percont BA, 33 weight percent of
PBMA-MM and 1.5 weight percent of PMAA-MM.
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Example 7:  Preparation of Poly-(Styrene-g-MMA} Graft Copolymer

A praft copolymer having a backbone of styrene and side chaing of PMMA-MM was
prepared in accordapce with the method of the present nvention. The graft copolymer was
prepared in two stages. Macromopemer PMMA-MM (obtained from Example 1.8) was used
in the synthesis of the graft Poly-(Styrens-g-MMA). The graft Poly-(Styrenc-g-MMA) wus
prepared using the procedure described in Example 3 cxcept that the following amomnts of
ingredients shown in Table 7 were used to replace the corresponding ingredients in Table 3,
and a reaction temperature of 85°C was used.

Table 7: Ingredients used in Preparation of Poly-{Styrene-g-MMA} Graft Copolymer

Ingredient Amount Charged
PMMA-MM (as emulsion) 84.1 g (Example 1.8)
H,0 #2 154

Surfactant™ I.lg

Styrenc 413 ¢

Initiator

Acid (PMAA-MM) 0.98 g (Example 2.1}

' Redex initiator system include 9.07g Nal's in 3g water: 0.06g NaMBS in 3g water;
0.05g NagCOs in 3g water and 0.7z Fe. .

@ Bihoxylated Cq to Cre alkyl ether sulfzte having from 1 to 40 ethylene oxide groups
per molecule {30% active in water).

The graft copolymer formed contamed 63.5 weighi percent styrene, 35 weight percent
of PMMA-MM and 1.5 weight percent of PMAA-MM.

Example 8: Preparation of Poly-(BA-g-MMA) by a Single Vessel Synthesis Procedure

A graft copolymer having a backbone of BA and side chains of MMA was prepared in
accordance with the metbod of the present invention in a single vessel in two agusous
amulsion polymerization stages.  In the first stage, PMMA-MM  was prepared and in the
second stage the PMMA-MM was copolymerized with DA,

The PMMA-MM was prepared in & four neck, 3-liter round botéom reaction flask
equipped with a mechanical stirter, temperature control device, condenser, manomer feed line
and u nitrogen 1nlet. The reaction flask was charged with 680 g of deionized water and 15.7 i
of A-16-22 1o form a water surfactant solution. The water surfactant selution was heated
with stiring to 80°C under a nitrogen purge. Al 80°C, 1.6 g of 4,4-azcbis(d-cyanovaleric
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acid) was added with stirring to the reaction flask. Two minnies later, 18 g of MMA. was
added to the reaction flask with stirring. A monomer mixture containing 342 g of MMA and
0.02 g of CoBF was prepared separately and degassed by bubbling nitrogen in the moenemer
mixtare for 20 minates. A 20% hy weight portien of the monemer mixture was added to the
reaction flask 10 minutes after adding the 18 g of MMA. The remainder of the monomer
mixture was fed over 120 minutes with atirring while maintaining the temperature at 80°C.
At the end of ibe monomer mixiure feed, the temperaturs of the reaction mixture m the Hask
was kept at B0®C for 60 minutes and then ceoled to 40°C. The resuliing macromonomer
aquecus emlsion was reacted in the same vessel in a second stage as described below.

In the scoond stage, & monomer emulsion containing 226 g of deionized water, 16.52
¢ of an cthoxylated Cq to Cy alkyl cther sulfate (30 wis active) having from 1 fo 40 ethylene
oxide groups per molesule {30% active in water), 658 g of butyl acrylatc was prepared. In
addition, 10.2 g of PMAA-MM, in 75.4 g of water was prepared separately. The monomer
emulsion and the PMAA-MM scolution were added io the reaction flask at 40°C, and the
rosulting reaction mixture was sticred for 20 minutes, followed by heating to 85°C. At 83°C,
1.06 ¢ of sodium persuifate dissolved in 25 g of water and 0.47 ¢ of sodium carbonate
dissolved in 25 g of were added to the reaction flask in 2 single shot, followed with 20 g of
deionized water rinse. Following the charges of iniiiator and bulfer, the reaction miviure was
maintained with stirming at 85°C for 60 minutes. Alter cooling the reaction mixtwe io 40°C,
13.72 g of a (0,15% solution of Fa50); in water was added with stirring, followed by additiens
of -butyl peroxide and isvascorbic acid (.70 g and 0.34 g each in 15 g of water,
respectively). A second addition of t-butyl peroxide and ispascorbic acid in the same
amounts were added 15 mioutes after the first one. The reaction mixture was held with
stirring for 3¢ minufes at a temperature of 40°C.

The resulting copolymer composition was cooled to room temperatre and passed
through a filier cloth (o remove any coagulum. The resulting grafi copolymer contained 64
weight percent of butyl acrylate, 35 weight percent of methyl methacrylate and 1 weight
percent of PMAA-MM. The copolymer composition bad an incorporation of PMMA-MM of
76 weight percent based on the fotal weight of PMIMA-MM charged.

Fxample9: Characterization of Copilymer Compositions

Graft copolymer compositions prepared in the previous examples ware characterized
by various analytical techmiques ic determine wit¥s solids, particle size, weighl average
molecular weoight, number average molecular weipht, and peresnt incowporation of
MACTOTIOIOMET.

Deterpunation of the amownt of unreacted macromonomer was carried out by HPLC
analysis nsing the followiag procedore. The copolymer copapositions were dissolved in THE
and analyzed by oradienf elution on an LC-18 column supplied by Supelco, located in
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Belletonte, PA such that a well-isolated peak was observed for the unrcacted macremonomer.
GQuantification was carried oul by calibrating the detector response using knewn standards of
the same macromonomer employed in the synthesis. The results of the characterization are

reporled in Table 8 befow.
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Table 8: Charucterization Of Copolymer Compositions

Example Yo Particle | Mw Mn PMMA-MM
Solids | Siee |(x10%] x10% | Tmeorp.?
{nm) {wt%)
31C 43 120 @ “3 <2
32 43.1 268 | 1197 | 88.6 &9
3.3 41.0 204 12860 | 290
34 49.3 243 | 3981 | 2177 %
[ 35 502 215 | 7082 | 3783 86
i 36 515 228 10150 | 2669 68
[ a7 48.1 226 | 1242.6 | 3096 74
3.8 475 215 10826 | 8274 71
19 322 180 | 7249 | 1142 —
310 413 203 | 14689 | 8755 -
311 396 208 [1263.8 | 9640 -
312 39.7 277 | 12261 | 8131
313 45 232 | 2261 | 888 83
3.4 4.6 208 | 7954 | 1820 75
3.15 44.4 220 | 4371 | 1503 83
3.16 4id 194 | 2061 | 1303 71
4.1 24 222 | 5333 | 666 86
4.2 43.5 210 | 2645 | 67.3 9
43 423 181 [ 6648 | 832 94
44 423 165 | 857.9 | 721 94
6.1 39.3 192 | 552.0 | 328.0
7.1 331 161 | 987 | 207 0
X 44 150 [ 1041.6 | 1469 75

@ Bimodal molecular weight distribution
corresponding to the molecular weight of the macromonomer, indicafing that ihe

with the lower molecular weight

polymer prepared secording to Example 1.0C did not copoelymerize.

@ Based on the wtal weight of macromonomer added o reaction vessel. Some of the
samples (Bxample 3.3, 3.9, 3.10, 3,11, 3.12, 6.1) were not analyzed for PMMA-MM

incorporation.

Examiple 10: Axnalysis of Example 3.16

A two-dimensionel HPLC analysis was caricd out on Example 3.16 to determine the

average number of grafts per polymer molecule and to show that a graft copolymer is formed.
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Tywio-dimensional FPIC provides much greater resolution compared to conventional IIPLC
for the separation of complex polymer materials. The method used in this analysis was
similar to that deseribed in “2D Chromaographic Analysis OF Grafi Copolymers Ohtained By
Copolymerizatinn OFf Macromanomers Via Conventional, Controlied Radical, And Anionic
Polymerizations” by Miiller, Axel H. E et al_, Polym. Prepr., Am. Chem. Soc., Div. Palym.
Chem., 40(2), pages 140141, 1999, which js hereby incorporated by referenice in its satirety,
LCCC was used in one dimensien and GFC was used in the sccond dimension; cuts from the
first analysis were sequentially analyzed by the second techmigue, and appropriate software
constructed a plot of the data in two dimensiens. The LCCC analysis was run under crifical
conditions for PBA, and size exclusion conditions for FMMA so that the tolal molecular
weight of the MMA grafis on the copolymer could be determined. From this value,
{assuming each side chain contained one macromonomes) the pumber of sidc chains per
capoiymer was calculated. Also, LCCC was used fo determine the composition of the
copolymer. The enalysis in the second dimension using SEC was used to estimate the total
molecilar weights of the copolymer. The melecular weights measured wers calibrated using
standards of PMMA for the LCCC dimension and PBA for the GFC dimension. The
resulting fwo-dimensional chromutogram showed a Inajor copolymer peak (roughly estimated
at >70%) which, from the LCCC data, contained a total FMMA molecular weight (Mn) of
about 110,000, Using the Mn value of 9600 for the PMMA macramonomer, an average
number of grafis per polymer chain was cstimated at about 11.5. From the second dimension
the nverall molecular weight of this peak was estitnated to be 80,000, The two-dimensional
chromatopram showed two other serics of copolymer peaks, but no PBA homopolymer was
detected. The overall composition of the major copolymer peak calculaied from the two-
dimenstonal HPLC data was about 85wi% BA. and 15wi% MMA. This composition varies
from the expected compaosition of 72wi% BA and 28wi% MMA (calculated from an NMR
analysis of the composition, taking into account that only about 70% of the macromonemer
was eonverted to copolymer}, but is reasonable considering the complexity of the copofymer
systemn and the analysis of ir.
Example 11: Evaluation Of Shear Stability OF Graft Copolymer Compositinns

Shear stability tesis were cartied out on several graft copelymer compositions made in
the previous cxamples. Shear siability was tested by placing a drop of the graft copolymer

composition on the index finger and bbing the composition between the thumb and index
finger. A copolymer cornposition passed if jt conld be mbbed until it dried by water
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evaporation without the formation of coagnlum, and failed if it floceulated after a few rubs
and became rapy. Al of the copalymer compesitions tested were stzble cofloidally vnder
static conditions. The results are reported in Table 9 below.

TFuable 9: Finger Rub Test Resnlts for Graft Copelymer Compositions
Example Stabilized acid Finger Rub Test
4 pMAA-MM Pass
3.5 pMAA-MM Pass
3.6 PMAA-MM | Pass
3.7 pMAA-MM Pass
a3 pMAA-MM Pass
3.9 MAA Fai}

3.10 MAA Vail
3.11 MAA Tail
3.12 MAA Tail
4.1 pMAA-MM Pass
42 pMAA-MM Pass
4.3 pMAA-MM Pass
4.4 pMAA-MM Pass
8.1 pMAA-MM Pasgs

The data jn Table § shows that graft copalymer compositions prepared with ar acid
containing mecromenomer had surprisingly good shear stabiliiy i corparison o graft
copolymer prepared with an acid monomer. It was also discovered that good shear stability
could be nhiained, without the use of an acid containing macromonomer, such as by adding 2
surfactant such as Tritan™ X-405, a popionic surfactant supplicd by Union Carbide, to the

copolymer composiiion.
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What Is claimed is:

1. A method of making a graft copolymer comprising:

{a) forming 2 macromonomer agueous emulsion comprising one of more water-
msoluble particles of macromoncmer, wherein the macremonomer comprises polymerized
units of a first ethylenically unsaturated monomer, the macromonomer further having

(] a degree of polymenzation of from 10 to 1080,

() at least one torminal cthylenically unsaturated group,

(1) lessthan 5 weight percent polymezized acid-containing monemer, and

(iv) less than one mole percent of polymerized mercaptan-olefin
compounds;

{b)  forming a monomer composition comprising ot least one second ethylenically
ungaturated monorer; and

(3] combining at least a portion of the macromonomer aqueous emulsion and at
Teast a portion of the monomer composition 1o form a polymerization reaction mixture and
polymerizing the macromonomer with the second ethylenicaily unsatursied monoroer in the
presence of an injtiator io produce a copolymer composition comprising graft copolymer
particles.

2. The method of Claim 1 wherein the step of forming the macromonomer aquecus
ernulsion comprises polymerzing in an aqueous emulsion the at least first eihylemecally
unsahirated monomer in the presence of a transition metal chelate chain transfer agenl and a

free radical 1uitiator to form the macromoenomer particles.

3. The method of Claim 2 wherein the first cthylenically unsaturated monomsr is
polymerized in fhe presence of a macromolecular organic compound having a hydrophobic
cavity.

4, The metted of Claim [ wherein the monomer composition comprises an aquecus
ermulsion comprising the at Jeast one second ethylenically unsanurated monomer,

5. The method of Claim 1 wherein the sccond ethylenically unsaturated monomer

diffuses into the macromonomer particles und swells the macromonomer particles.

6. The method of Claim 1 wheyein the macromenemer comprises as polymerized units

less than 1 weight percent of acid containing menomer.
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7. The method of Claim 1 wherein the first cthylenically unsaturated monomer ig an
a-methyl vinyl monomer, a non a~methyl vinyl monomer terminated with a o-methyl vinyl
monomer, or combinations thereot.

8. The methed of Claim 7 wheremn the ficst ethylenically uosaturated monomer is methyl
methacrvlate, ethyl methacrylale, 2-ethylhexyl methacrylate, isobomnyl methacrylate, butyl
methacrylate, lauryl methacrylate, stearyl methavrylale, styrene temninated by c-methyl
styrene, or combinations thercof.

9. The method of Clam 1 wherein the second ethylenically unsaturated monomer is
selected from the group consisting of acrylate esters; methacrylate esters; styrene; substituted
styrenes; olebnically unsaturated nitriles; olefinically unsatorated halides; vinyl esters of
organic acids; N-vinyl compounds; acrylamide; methacrylamide; substituted acrylamides;
substituted methacrylamides; hydroxyalkylmethacrylates; hydroxyalkylacrylates; vinyl ethers;
dienes and combinations thereof.

10, The method of Claim 9 wherein the second ethylenically unsaiurated manomer is
selected from the group comsisting of Cy v Cig alkyl acrylate, styrene, butadiene, and
combinations thereof.

11.  The methed of Claim 1 wherein the macromonome: and the second ethylenically
unsaturated monamer are polymerized jn the presonce of an acid containing monomer, acid
containing mactomonomer, of combinations thercof.

12, The method of Claim 17 whereio the macromonomer and the second ethylenieally
unsaturated monomer are polymerized in the presence of an acid containing macromenomer,
the acid containing macromonomer comprising as polymerized units from 50 weight percent
to 109 weight percent of an. acid containing monomer, hased on the total weight of the acid
containing macromonemer.

13.  The method of Claim 1 wherein the macromonomer znd ethylenically unsaturated
monomer are polymerized In the presence of a macremolecular organic compound baving a
hydrophobic cavity.

14, The method of Claim 1 whercin all the macromonomer aquenus crmulsion and all the
monomer composition are combined prior to beginning the polymerization.
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15.  The method of Claim | wherein the macromonomer and the sccond ethylenically
unsaturated monomer are combined by gradually feeding at least a portion of the monomer
compnsition into the maciomonomer aquecns emulsion in the presence of the initiator.

16. A graft copolymer produced by the process of claim 1.

17, A copolymer composition comprising water insoluble graft copolymer particles,
wherein the grall copolymer particles comprise:

(a) from 2 weight percent to 90 weight percent of macmmnﬁomcr, based on the total
weight of the copolymer, whereln the macromonomer is water jusoluble and comprises from
10 to 1000 polymerized nmits of at least one first ethylenically unsaturated monomer, less
than 1 mole percent of polymerized mercapro-olefia compounds, and less than S weight
pereent polymerized acid-containing monomer; and

(b} from 10 weight peccent to 98 weight percent of pelymerized units of at feast onc
second ethylenically vnsaturated monomer, based on the total weight of the copolymer.

18, The copolymer composition of Claim 17 wherein the macromonomer comprises as
polymerized units less than 1 weight percent acid containing monomer, based on the total

weight of the macromounomer.

19.  The copolymer composition of Claim 18 wherein the copolymer composition further
comprises from 0.2 weight percent to 10 weight percent of an acid contaming
macromonomer, or acid containing monomer based on the total weight of the copolymer,

20.  The copelymer compesition of Claim 19 wherein the graft copolymer comprises a
backbone and one or more side chaing, wherein the side chains are pendant from the
backbons and comprise the waler irsoluble matromencmer, and whereln the backbone
cotnprises the polymerized units of the second ethylenically unsarurated monomer.

21.  The copolymer composition of Claim 2¢ wherein the acld conraining macromonomer
is attached to the surface of the copolymer particles.
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METHOD FOR PREPARING GRAFT COPOLYMERS AND |
COMPOSITIONS PROMNICED THEREFROM
Ficld of Invention

This invention relates to a method for making grall copolymers vsing an aquscus
emulsion polymerization process, and copolymer compositions produced therefrom. More
particularly, (his invention relates to an aqueous emulsion polymerization process for
polymerizing at least one macromenomer and a leust one ethylenically unsaturated monomer
io form a copelymer composition containing graft copolymers.

Background of the Invention

“Grail copolymers” as waed hercin are macromolecules formed when polymer or
copolymer chains are chemically attached as side chaing to a polyreric backbene. Generally,
the side chains are of a different polymeric composition than the backbone chain,  Because
graft copolymers oﬁcn chemically eombine unlike polymeric segments in one molecule, these
copolymers have unique propertics compared to the eorresponding random analopues. These
properties include, for cxample, mechanlieal film properties resulting from thermodynamically
driven microphase sepatation of the polymer, and decreased mclt viscosities tesulting In part
frem the branched structure of the yrafl copolymer. With respect to the latter, reduced melt
viscosities cun advanlageously improve processability of the polymer. See ez, Hong-Quan
Xic and Shi-Biao Zhou. J. Macromel. Sci-Chem., A27(4), 491-507 (1990% Schastian Roos,
Axel H.E. Miiller, Marita Kaufmann, Werner Siol and Clenens Auschra, “Applications of
Aninnic Polymerization Rescarch™, R.P. Quirk, Ed., ACS Symp. Ser. 696, 208 (1998).

The term “comb copolymer,” as uged hercin, is a type of graft copolymer, where the
polymeric backbone of the graft copolymer is linear, and ¢ach side chain of the graft
copolymer is formed by a “macromonomer” that is gratted to the polymer hackbone.
“Macromonomers” are low molecular weight polymers having at least one funclivnal group at
the end of the polymer ehain that can turther polymerize with others monomers o yield comb
copolymers. S¢e ¢ g, Kawakami in the “Encyclopedia of Polymer Scienee and Engincering™.
Vol. 9, pp. 195-204, John Wiley & Sons, New York, 1987, The term “linear,” as used hertin,
is meant to include pelymers where minor amounts of branching has ocearred (hrough
hydrogen sbstraction that is normally observed in free radival polymetizations. 'The comb
copolymers are commanly prepavad by the free rdical copolymerization of macramanomer

with conventtonal monomer (g.g., ethylenically unsaturated monomers).
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Comb copolymers preparcd with water-insoluble macromonomers huave  been
predominantly prepared using bulk and solution polymerization teclmigues. However, such
processes undesirably use solvent or monpomer as the medium in which the polvmerization is
conducted. ‘Thus, cfforis recently have focused on developing methoeds [or prepaciog comb
copolymers via an aguecus emulsion process.

One example, U.8. Patent No. 5,247,040 to Amick ct al., (“Amick™), discloses a two
stage emulsion pelymerization prozess for producing graft copolymers. In the first stage, a
macromenomer is produced by polymerizing ethylenivally unsaturuted monomer in the
presence of a mercapto-alefin compound. in the sccond stage. the resulting macromonomer
is polymerized in an agueons emulsion with a sccond ethylenically unsaturated nronomer.
The Amick process, although having many advantages, produces a graft copelymer having
linkages, located between the side chains and backbone, thai are susceptible 10 hydrolysis
under certain conditions. These linkages result from using a mercapto-olefin compound
having an ester tanetionality in the preparation of the macromonomer,

1.8, Patent No. 5,264,530 to Damon et al. (*Darmon™} discloses au emulsion or
suspension free radical polyrerization process where one or more monomer species is
polymerized in the presence of a macromonomer that is uscd as a chain transfer agent. As the
macromonomer is being used as a chain transfer agent, the macromonomer is predominatcly
incorporated inte the palymer chiain al the ends.

U5, Patent No. 5,804,632 to Haddleton et al. (*Haddlelon™) discloses an aqueous
polymer cmulsion process that includes preparing, in the presence of a cobali chelale
complex, a low molecular weight polymer having acid functions] groups, and subsequentiy
polymerizing ar least ong olctinically unsamirated monomer in the presence of the low
malecular weight polymer o form a hydrophobic polymer. The low molecuiar weight
polymer in lladdleton is taught to contain a sufficient coneentration of avid to render the low
molecular weight polymer, as is, or upon neutralization of the acid groups, partially or more
preferably fully dissolvable in an aqucous medium. Although Huddleton discloses that some
degree of grafting may occur, Iladdletor ocuses on processes where it is believed that the
hydrophabic polymer particles are encupsulated by the low molecular weight polymer in the
form of an “inverted core-shell” lawcx, or where the low molecular weight polymer serves
simply as a seod for the polymerization to form the hydrophobic polymer. Thus, Haddiston

does not disclose a process to produce graft copolymers of a desived structure such as comb
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copolymers, It is also believed that using the Haddlcion process undcsirably results in a
substantial amount of Jow molecular weight polymer remaining unreacted in the water phasc.

Publication WO $9/03905 to Huybrechts et al. (“Huybrechts™) discloses an anionically
stabilized graft copolymer composition that is prcpared by cmulsion polymerizing acid
contalning macromenomer and amipo functional monomer. The eopolymer composition
prepared contains from 0.5 to 30 weight percent aminc functional monemer in the polymer
hackhonc, and at least 5 weight percent acid funciional monomer in the macromonomer that
is neuiralized with an amine. However, it would be desirable to provide an aqueous emulsion
polymerization process for preparing alierative graft copalymer compositions that do not
require newtralization.

The present invention seeks to provide a tobust emulsion polymerization process for
preparing graft copolymers that are preferably resistant to hydrolysis. The present invention
also seeks (o provide an emulsion polymerization process that preferably provides control
over such parameters as polymerization kinetics, polymer strueture, conversion, incorporation
of macromonomer and particle size.

Summary of Invention

In one aspect of the present invemion, a method of making a graft copolymer is
provided that includes forming a macromonomer agueous erulsion containing water-
insoluble particles of macromonomer and forming a menumer compesition <ontaining
cthylenically unsaturated monomer. The macromonomer contains polymerized units of a fivst
ethylenically unsaturated monomer and turther has a degree of polymerization of from 10 to
1000, at least one terminal ethylenically unsaturated group, less than 5 weight percent acid-
containing monomer as polymerized, and less than | mole pereent of mercapto-olefin
compounds as polymerized. At least a portion of the macromonomet aqueous emulsion and
at least a portion of the monomet composition are combined to [orm a polymedization
reaction mixturc, and the macromonomer and the second ethylenically unsaturated monomer
therein are polymerized in the presence of an initiztor to produce a graft copolymer
composition containing graft copolymer particles.

In anather aspect of the present invention, a praft copolymer compaosition is provided
that contains water insoluble graft copulymer particles. The copolymer particles contain from
2 weight percent v 90 weight percent water insoluble macromonomet, and from 10 weight
percent o 98 weight percent of polymerized units of al least onc second ethylenically

vnsatrated monomer, based on. the total weight of the copelymer. The macromonomer used
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to form the graft copolymer composition contains from 10 to 1000 polymerized units of & first
ethylenically unsaturated monomer, less than 1 molc percent of polymerized mercaplo-olefin
compounds, wid less lban 5 weight percent polymerized acid-containing maonomer. In a
preferred embodiment, the copolyiner compoesition lurther containg from 0.2 weight percent
to 16 weight percent of an acid containing macromenomer, based on the total weight of the
<opolymer.

Detailed Description

The present invention provides an aqueous polymenizution process f\)r‘prepa.l‘ing graft
copolymers, and more preferably comb copelymers. LThe present invention also provides
novel copulymer compositions produced from the aqueous polymerization process.

‘The process of the present invention includes (a) forming a macremenomer aqueous
emulsion containing one or mare waler-insoluble particles of macromonomer; (b) forming a
monotmer conposition containing ethylenically unsaturaled mopemer; and (c) combining at
least a portion of the macromonomer aquenus cimulsion and at Jeast 1 portion uf the monomer
composition o form a polymerization reacticn mixture.  ‘Lhe macromonomer and
ethylenically unsaturated monomer are polymerized in the presence of an initiator to form
graft copolymer particles.

The macromonomer, present in the macromonomer aqucous cmulsion as water
insoluble particles, iz any low molecular weight watce-insoluble pelymer or copelymer having
ar Jeast one terminal ethylenically unsaturated group that is capable of being polymerized ina
free radical polymerization process. By “water-insoluble™ it is meant having a waler
solubility of ne greater than 150 millimoles/liter at 25°C o 50°C. By “low molecitar weight”
it is meant that the macromonomer has 2 depree of polymerization preferably from about 10
to about 1000, and more preferably from about 20 two abewt 20¢. By “degee of
polymerization” it is meant the number of polymerized monomer units present In the
MECTOMONOMET.

The macromenomer ¢ontaing, as polyimerized units, at least one Lype of ethylenically
wnsaturated moenomer.  Preferably, the ethylenically unsatwrated menomer is sclecled o
impart low or no water solubility to the macromanamer as previously described herein.

Suitable ethylenically unsaturated monomers for use in preparing masromoenomer
include for example methaerylate csters, such as Ci 10 Ciz normal or branched alkyl esters of
methucrylic acid, including melhyl methacrylate, ethyl mcthacrylate, n-butyl methaucylate,

lanryl methacrylate, stearyl methacrylate; acrylaic csters, such as € to (g nmormal or
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branched alkyl esters of acrylic acid, including methyl scrylate, ethyl acrylate, n-butyl acrylate
and 2-cthylhexyl acrvlate; styrene; substilmted styrenes, such as methyl siyrene, a-methyl
styrene or l-bulyl styrene; olefinically unsaturaied nitrilcz, such as acrylonitrile or
methacrylonitrile; olefinically unsaturated halides, such as vinyl chloride, vinylidene chloride
or vinyl fluctide; vinyl esters of organic acids, such as vingl acetate; N-viny] compounds such
as N-vinyl pyrrolidone; acrylamide; methacrylamide; substituted acrylamides; substituted
melhacrylumides;  hydroxyalkylmethacrylatcs  such a8 hydroxyethylmethacrylate;
hydroxyalkyvlaerylates; basic substiluled (methlacrylales and (mneth)acrylamides, such as
amine-subsiituied methacrviates Including dimethylaminoethyl methacrylate, tertiary-
butylaminoethyl methacrylate and dimethylaminopropyl methacrylamide and the likes; dienes
such as 1,3-hutadienc and isoprene; vinyl ethers; or combinations thereof. The term “{meth)”
as used herein meuns that the “meth” is optionally present.  For example, “(meth)acrylate™
means methacrylaie or acrylate.

The ethvlenicatly unsaturated menomer can also be a functional menomer including
for example monomers containing hydroxy, amido, aldehyde, ureida, polyether, glycidylalkyl,
keto functional groups or combinations thereof, These functional monomers are generally
present In the macromonomer at a level of from abour 0.5 weight percent to abour 15 weight
pereeni and more preferably from about | weight percent to about 3 weight percent, based on
the total weighi of the graft copelymer. Fxamples of functional monomers include
ketofunciional monomers such as the acctoacctexy csters of’ hydroxyalkyl acrylates and
methacrylates (e.g.. acetoacetoxyethy] methaerylate) and keto-containing amides (e.g.
diacetone acrylamide}; allyl alkyl methacrylates or acrylates; glycidylalkyl methacrylates or
acrylates; or combinations thereof. Such functional monomer can provide crosslinking if
desired.

The macromonomer 8130 contains as polymerized units less than about 10 weight
pereent, preferably less than about 5 weight percent, more preforably less then 2 weiglt
percent and most preferably less than about T weight percent acid containing monomer, based
on the total weight of the macromonomer. In a most preferred embodiment, the
mucromonomer containg no acid containing monomer. By “acid containing monomer™ it is
meant any ethylenically unsaturaled monomer that contains ene or mere acid fimctional
groups or fonctional proups tht are capable of forming an acid {e.g.. an anhydride such as
methacrylie anhydride or tertiary butyl methacrylate). Examples of acid eomaining

muonomers include, for exampie, carboxylic auid bearing ethylenically unsaturated monomers
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such as merylic acid, methacrylic acld, [taconic acid, maleic acid and fumaric acid;
acrylaxyprepionic acid and (meth)acryloxypropionic acid; sulphonic acid-bearing monomers,
such s styrens sulfonic acid, sodium vinyl sulfonate, sulfoethyl acrylate, sulfocthyl
methacrylale.  ethylmethaerylate-2-sulphonic  acld, or 2-acrylamido-2-methylpropans
sulphonic acid; phosphoethylmethacrylate; the corresponding salts of the acid containing
manomer; or combinations thereof.

The nucromonomer also contains, as polymerized, less than about 1 mole percont,
preferably lass than about 0.5 mole percent, and mors preferably no mercapto-olefin
compounds, based on the tolal weight of the macremonomer. These mercupto-olefin
compounds are those as described in U.S. Patent Wo. 5,247,000 10 Amick, which i3
meorporated herein by reference in its entirety. The mercaplo-olefin compounds deseribed in
Amick have ester functional proups, which are susceptible o hydrolysis.

In a preferred embodiment of the prasent invention, the macromonomer is composed
ol ut least about 20 weight perceal, more preferably from about 50 weight percent. 1o ahout
100 weight percent, and most preferably from about 80 to about 100 weight pereent of at least
one c-methyl vinyl monomer, 2 non w-methyl vinyl monomer terminated with a c-methyl
vinyl monomer, or combinations thereol. In 2 most preferrod cmbodiment of the present
invention the macrommnomer confuins as polymerized units fiom shout 90 weight percent to
about 100 weight percent i-methyl vinyl monomers, non c-methyl vinyl monemers
terminated with c-methyl vinyl monomers, or combinations thereof, hased on tire total weight
of the mecromonomer.  Suitable ae-methyl vinyl monomers includs. for example,
methacrylate esters, such as C) o Cys normal ar branched alkyl esters of methactylic acid,
including  methyl methacrylate, ethyl methaerylawe, butyl metbacrylate, 2-ethylhexyl
methacrylate, isobornyl methacrylate, lanryl methacrylate, or stearyl methacrylate;
hydroxyalkyl methacrylates such as hydroxyethyl methacrylate; glycidylmethacrylate; phanyl
methucrylate; methacrylamide; methacrylonitrile; or combinations thereal. An example of 4
non e-meliyl vinyl monomer terminated with an e-methyl vinyl monomer includes styzene
terminated by e-methyl styrene.

One skilled in the art will recogoies that there are many ways lo prepare the
macremanomer ugeful in the present invention. TFor example, the macromonomer may be
prepared by n high temperature (e.g., at least about 150°C) continuous process such as

disclued in U.S. Patent Ko, 5,710,227 or EP-A-1.010,706, publisbed Juna 21, 2000, the
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diselosures of which are hereby incorporated by reference in their entireties. In u preferred
continuous process, & reaction mixture of ethylenically unsaturated monomers are passed
threugh a heated zone having a temperature of at Jeast about 130°C, and more preferably at
least about 275°C. The heated zone may alse be mainained ai a pressurs above atmospheric
pressure (e.g., greater than about 30 bar). The reaction mixturc of monomers may also
aptionally contain a solvent such as water, acetone, methanol, isopropanel, propionic acid,
acetic acid, dimcthylformamide, dimethylsultoxide, methylethylketone, or combinations
thersof.

The macromonomer useful in the present invention may also be prepared by
polvmerizing ethylenicelly unsatrated monomers in the presence of a free radical initiator
and a catalytic metal chelate chain transfer agent {e.g., a wansition metal chelate). Such a
polymesization may be carried out by a soluiion, bulk, suspension, or emulsion
palymerization process. Suitable methods for preparing the macramonomer using a catalytic
metal chelate chain tranafer agent are disclosed in for cxample U.S. Patent Nos. 4,526,945,
4680354, 4.886,861, 35028677, 5,362,826, 5721330, and 5,756,605, Eurepean
publications LP-A-0199.436, and [P-A-0196783; and PCT publications WO 8703605,
WO 96/15158, and WO 97/34634, the disclosures of which are hereby incorperated by
reference in their entireties.

Preferably, the macromonomer useful in the present invention is prepared by an
agucens cmulsion trec radical polymetization process using 2 transition metal chelate
complex. Preferably, the transition metal chelatc complex is a cobali (II) or (LI} chelate
complex such as, tor example, dioxime complexes of cobalt, cobalt IT parphyrin complexes,
or cobalt [T chelates of vicinal iminohydroxvimine componnds, dihydroxyimino compounds,
dinzadihydroxy-iminodiatkyldecadienes, or diazadihydroxyiminodialkylundecadienes, or
combinations thereol. These complexes may optionally include bridging groups such as B,
and may alse be optionally ccordinated with ligands such as water, aleohels, ketones, and
nitrogen bases such as pyridine. Additional suitabic transition metal complexes are disclosed
in for example U.S, Pateml Nos. 4,694,034, 5,770,665; 5,962,609; and 5,602,220, the
disclosures of which are hereby incorporated by reference in their entireties. A preferred
cobalt chelate complex useful in the prescnt invention is Co H (2,3-dioxyiminebutane-BF3)z,
the Co I analogue of the afgrementioned compound, or combinations thersol, The apatial
arrangements of such complexes are disclosed in for example LP-A-192436 and U.S. Patent
No. 5,756,605,
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Tn preparing macromonomer by an aguedus emulsion polymerizalion process using a
transition metal chelate chain transfer agent, at least one ethylenically unzaturated monomer is
polymerized in the presence of a free radical initimtor and the travsition metal chelute
according 1o conventional aquecus emulsion polymerization techniques. Preferably, the
ethylenically unsaturated rgonomer is an o-methyl vinyl monomer as previously described
herain.

The polymaization to form the mactomonomer is preferably conducted al u
tempergiwe of Gom about 20°C to abot 150°C, and more preferably from about 40°C to
about #5°C. The solids level at the completion of the polymetization is typically from about
3 weight percent to abowt 65 weight percent, and morc preferably from about 30 weight
percent to about 50 weight percent, based on the total weight of the aqueous emulsion.

The concentration of inidator and transttion metal chelate clhein tansfer agent used
during the polymerization process is preferably chosen to obtain the desired degree of
polymerization of the macromenumer, Preferably, the concentration of initiator is from about
0.2 weight parcent to about 3 weight percent, and more preferably from about 0.5 weight
percent to about 1.5 weight perceni, based on the total weight of monomer. Preferably, the
concentration of transition metal chelme chain transfer agent is from abowt 5 ppm to about
200 ppm, and mere preferably from about 10 ppm to about 100 ppm, based on the total moles
of monomer used to form e macromonomer.

The ethylenically vnsaturated monamer, initiator, and transiiion metal chelaic chain
transler agent may be added in any manner known tu those skilled in the art to carry out the
polymerization. For example, the monomer, inilistor and transition metel chelate may all be
present in the aquecns emuision al the stat of the polymerization process (Le., a balch
pracess). Allemanvely, one or more of the components may be gradually fed to an agueous
solution (ic., a confinuous er semi-bateh process). For example, it may be desired to
gradually feed the entire or a portion of the initiator, mwnomer, andfor transition metal chelate
o a selution containing water and surlactant. In a preforred embodiment, at least a portion of
the manomer and transition metal chelate are gradually ted during the pelymerization, with
ihe remainder of the monomer and transition metal chelate being present in the agueous
emulsion af Lhe start of the polymerization. In this embodiment, the monomer may he fad as
1s, or suspended or emulsified in an aqueous solution prior Lo being tod.

Any snitable free radieal ivitiator may be used to prepare the macromonomer. The

initiator is preferably selected based on such parameters as it8 solubility in one or more of the
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other components (e.g., monoiers, water); half life at the desired polymerization iemperature
(preferably a half life within the 1ange of from about 30 mimites to about 10 hours). and
stability in the presence of the iransition metal chelate. Suitable initiators include for
cxample azo compounds such as 2,2'-azobis (isobutyronitrile), 4,4'-azobis(4-cyanovaleric
acid), 2,2"azobis [2-methyl-N-(1,1-bis(hydroxymethyl)-2-(hydroxyethyly]-propionaniide, and
2,2 uzobis  [2-methyl-NH(2-hydroxyethyl)]-propionamide: peroxides  such  as  t-butyl
hydroperoxide, benzoyl peraxide; sodium, potassiem, of amwonium petsulphate ot
combinations thereof. Redox initiator syslems may also be used, such as for exmmple
persulphate or peroxide in combination with @ reducing agsnt sach as sadium metabisulphite.
sodinm bisulfite, sodium formaldchyde sulfoxylate, isvascorbic acid, or combinations thereaf.
Metal promoters, such ag iran, may also optionally be used in such redox intlisfor systems.
Also, buffers, such as sodivm bicarbonale may be used as part of the initiator system.

An emulsifier is also preferably present duripg the aqueous emulsion polymerization
process 1o prepare the mucromonomer.  Auy emulsifier may be used that is effective in
emulsitying the monomers such as for exumple sniunic, cationic, or nonionic emulsitiers. In
a preferred embodiment, the emulsifier is anionic such as for exampte sodiwn, potassium, or
ammenium salts of dialkylsulphosuccinates; sodium, potassium, or ammonium salis of
sulphated oils; sodium, potassiurm, or ammonium sulls of allyl sulphonic acids, such as
sodium dodecyl benzene sulfonate; sodium, potassium, or ammonium salts of alkyl sulphates,
such as seditm lauryl sulfate; ethoxylated alkyl ether sulfates; alkali metal salls of sulphonic
acids; Cia to Czs fatty aleohols, elhoxylated farty acids or fatty amides: sodiun, potassium, or
ammonium salts of tatty acids, such as Na stearate and Na nleate; or combinations thereof.
The amount of emulsifier in the aqueous emsulsion is preferably from about 0.05 weight
pereent to about 10 weight porcent, and more preferubly from ahaut 0.3 weight percent 10
about 3 weight percent, based on the total weight of the monomers,

The macromonomer thus prepared is cmulsion polymerized with ethylenically
unsaturated monomer to form a copolymer compogition containing graft copolymer purticles.
The polymerization is carricd out by providing the macromonomer as water insoluble
particles in a macromonomer aguens emulsion and the ethylenically unsaturated monomer in
a monomer composition. At least a portion of the macromonomer aquecus emulsion is
combined with at lcast a portion of the monomer composition to torm a polymerization

reaction mixture that is polymerized in the presence of an initiutor.
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Although in no way intending te be bound in theory. it is believed et by providing
the macromonomer in the form of water insoluble macromonomer particles in an aquecus
emulsion, and the elhylenically unsaturated monomer in a separate monomer composition,
upon combination, the cthylenically wnsaturated monomer dilfuses Into the macromonomar
particles where the polymerization oceurs. Preferably, the diffusion of the ethylenically
unsaturated monomet into the mactomonomer particles is cvidenced by swelling of the
macromonomer particles,

The macromonomer aqueous enmulsion useful m Lhe present Invention may be formed
in any mauner known to those skilled in the art. For cxample, the macromonomer, produced
by any kmown methed, may be isolated as a solid {c.g., spray dried) and emulsified in water.
Also, for example. the macromonomer, if prepared via an emulsion or agueous hased
polymerization process, may be used as is, or diluted with water or concentrated to a desired
golids level.

In a preferred embodiment of the present invention, the mucromonomer agqueous
emulsion is formed from the emulsion polymerization of an ethylenically unsaturated
monomer in the prescncc of a transiton metel chelate chain wansfer agent as described
previously herein. This embodiment is preforced for numcrous rcasons. For cxample, the
macromonemer polymerization can be readily controlled to producc a desired particle size
distribution (preferably narvow, e.z., polydispersity less than 2y, Also, for example, additional
processing steps, such as isolating the macromonomer s 4 solid, ¢an be avoided, leading to
better process economics. In addition, the macromoncmer, macromonomer agueous smulsion
and the graft copolymer can be prepared by conseculive sieps in a single reacior which is
desirable in a commercial manufacturing facility.

The macromonomer aquecus cmulsion: usetiil in the present invenzion contains from
about 20 weight pereent te aboul 60 weiph! perecnt, and more preferably from about 30
sveight percent to about 50 weight percent of ar least one water insoluble macromonomer,
hased on the total weight of macromonomer agueous emulsion. ‘The macromonomer agueons
emulsion may 2lso contain mixtures of macromenomer. Preferably, the macromonomer
aqueous enulsion contains less than about 5 weight percent and morc prefevably less than
ahout 1 weight percent of ethylenically unsaturated monomer, based on the total weipht of
MUCIOMONONIET &queols emulsion.

The water insoluble macromonomer paricles have u particle size to form grafl

copolymer of the desired particle size. For example, the [inal graft copolymer particles size is
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direetly proportional 1o the initial particle size of the macromanomer and the conzenlralion of
ethylepically unsaturated monomers in the polymerization reaction rixture, assuming all the
particles participate equally in the polymerization. Prelerably, the macromonomer particles
have u weight average particle size of from about 50 nm to about 500 wm, and more
preferably from about 80 nm to about 200 nm as measured by Capillary Hydrodynamio
Fractionation technique using a Matee CHIIF 2000 particle size analyeer equipped with a
HPLC type Ulura-violet detector.

The macromanomer agueous ermulsion may alzo include one or more srnulsifying
agenes.  The type and amount of emulsifying agent is preferably selected in 2 manner 10
produce the desired particle size. Suitable enmulsifying upents include those previously
disclosed for use in preparing the macrumenemer by an emulsion polymerization process,
Preferred emulsifying agenis are anjonic surfactunls such as, for example, sedium lauryl
sulfate, sodium dodccylbencene sulfonate, sulfated ‘and  cthoxylated derivatives of
nonylphenels and fatty aleohols, The twotal level of emulsitying agent, based on the total
weight of macromonomer is preferably ffom about 0.2 weighi percent to about 5 weight
percent and morg preferably from abont .5 weighi percent tu abour 2 weight percent.

The monomer composition usefil in the present invention contains at least one kind of
ethylenically unsaturated monomer. The monomer eomposition may contain all (i.c., 100%)
monemer, or contsin monomer dissolved or Jispersed in an organic solvent and/or water,
Preferably, the level of monomer in the monomer composition is from about 50 weight
pereent to 100 weight percent, more preferably from eboui 60 weight pervent to about 90
weight percent, and most preferably from about 70 weight percent to abont 80 weight percent,
bascd on the total weight of the monomer compesition. Fxamples of arganic solvenrs that
mnay be present in the monomer composition include Cy o Ciy alkanes. The ocrganic solvent
in the munomnter composition will be no more than 30 weight percent, and more preferahly no
more than 5 weight percent, hased on the total weight of the monomer composition,

In addition to water and/or organic solvent, the monomer composition may also
optionally comtain monomers containing functional groups. such as, for sxample, monpmers
containing hydroxy, amide, aldehyde, wreido, polyether, glycidylallyl, keto groups or
combinations thereal.  These other monomers are eenerally present in the monomer
composition at a ievel of from about 0.5 weight percent 1o about 135 weight percent, and more
preferably from about 1 weight petcent (v about 3 weight percent based on the letal weight of

the praft copolymer. Bxamples of functional monomers include ketofunctional monomers
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such as the acetoacetoxy esters ol hydroxyalkyl acrvlates and methacrylates (e.pg.,
acetoacetoxyethyl methacrylate) and keto-contsining amides (e.g, dincetone acrylamide);
allyl alkyl mcthacrylatcs or acrylaies; glycidylalkyl methacrylaies or aciylates; or
combinations thereof. Such functional monomer can provide crosslinking if desired.

In a preferred embediment, the monomers in the monomer composition are
preemulsified in water to form a monomer agueous emulsion, Preferably, the mopomer
agueous cmulsion contains monomer droplets having a droplet size from abour 1 micron 1o
aboul |00 microns, and mare preferably from about 5 micron to about 50 microns. Any
suitable emulsifying agent may be used, for example those previously described, 1o emulsify
the monomer to the desired monomer droplet size. Preferably, the level of emulsifying agent,
if present, will be from about 0.2 weight percent to about 2 weight percent based on the total
weight of menomer in the monomer composition.

The athylenically ansaturated monomer of the mosomer compoaition is preferably
selected to provide the desired properties in the resulting copolymer composition. Suitable
ethylenically unsaturaled moenomers include for example methacrylate esters, such as C; to
C:3 normal or branched alkyi esters of methacrylic acid, including methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, 2-ethylhexyl methacrylate, lauryl methacrylate, stearyl
methacrylate, isobornyl methacrylate; acrylate esters, such as €y to Cy; nommal or branched
alkyl csters of acrylic acid, including methyl acrylate, ethyl acrylate. n-butyl acryvlate and
2-cthylhexyl acrylate; styrene; substituted styrenes, such as methyl styrene, a-methy] styrene
or t-butyl styrene: olefinically unsaturated nitrilcs, such as acrylonitrile or incthacrylonitrile;
ulefinically unsaturated halides, such as vinyl chleride, vinylidene chloride or vinyl fluoride;
vinyl esters of orgapic acids, such as vinyl aceate; N-vinyl compounds such as N-vinyt
pyrrolidone;  acrvlamide;  methacrylamide;  substitited  acrylamides;  substituted
methacrylumnides;  hydroxvalkylmethserylates  such  ws  bydroxyethylmethacrylate;
hydroxyalkylacrylates; dienes such as 1,3-butadienc and isopienc; vinyl cthers; or
combinations thereof. The ethylenically unsaturated monormner can also be an aeid confaining
monomer or a1 fumelional monomer, such as those previously described hersin. Prelerably, the
ethylenically unsatursled monomer of the monomer composilion does rol conlain amino
aroups.

In a preferred embodiment, the monomer composition includes one or more
elhylenically unsaturated monomers selected fram Cy to Chy pormal or branched alkyl esters

of acrylic acid, including methyl aorylate, ethyl acrylate, n-butvl acrylate and 2-ethylhexyl
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acrylate; styrene; substituted styrenes, such @y methyl siyrene, o-methy] styrenc or i-butyl
slyrene; butadiene or combinations thercof.

As previously mentioned, the macromonomer aqueows emulsion and monomer
compasition are combingd 1o form a polymerization reaction mixture, and pelymerized in the
presence of a free radical initiator to form an aqueous copolymer composgition. The ferm
“polymerizaticn reaction mixture,” as uscd herein, refers to the resulting mixture formed
when at least a portion of the macromanomer aqueous emulsion and at least a portion of the
maonomer composition e combined, The polymerization reactdon mixhuwre may alzo contain
imitiator or any other additive used <during the polymerization. Thus, the pofymerization
reaction mixture is 2 mixture that ehanges in composition as the macromonomer and
menomer in the monomer eemposition are reacted 1o form gralt copolymer.

The macromenomer aqueous emalsion and monomer composition may be combined
in various ways to carry out the pulymerization. For example, the macromonemer agucous
emuision and 1he monomer composition may be combined prior to the start of the
polymerization reaction to form the polymerization reaction mixture. Alicrnatively, the
menomer composition could be gradually fed into the macromanomer aqueous emulsion, or
ihe macromonomer aqueous emulsion could be gradually fed into the monomer composition.,
It is also possiblc thal only a portion of the macromonomer aqueous emulsion and/or
monomer composition be combined prior W e slarl of the polymerization with the
remaining menomer ecmpositicn and/ur macrumonemer aquecus emulsion being fed during
the polymenzation.

The initiator can also be added m various ways. For example, the initator may be
adiled in “one shot” 0 the macromonomer aquecus emulsion, the monomer composition, or a
mixmre of the macromonomer aqueous emulsion ahd the monomcer composition at the start of
the polymerization. Altematively, 2] or a portion of ihe Initiator can be cofed as a separate
{feed stream, as part of the macromonomer aqueous emulsion, as part of the monomer
composilion, or any combination of these methods.

The prefermed method of combining the macromonomer aqueous emulsion. the
mongemer composition, and initiator will depend on such factors as the desired graft
copolymer compasition. For example, the distribution of the macromononier as a graft along
the backbone wun be alfecled by the concentrations of both the macromonomer and the
cthylenically unsaturated monomers at the time of the polymerization. In this repard, & baich

process wili afford high concentration of both the macromonomer and the ethylenically
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unsatarated menemers at the onset of the polymerization whereas a semi-continuous process
will keep the cthylenically unsaturated monomer concentration low  during  the
polymenization. Thus, through the method in which the macromonomer aquenus emulsion
and monomer composition are cormbined, it is possible to control, for example, the munber of
macramonomer grafts per polymer chain, the distribution of grafl in each chain, wnd (he
length of the polymer backbone.

Tnitiators useful in polymerizing the macromonomer and cthylenically unsaturated
monomer include any suileble inltialor for emulsion polymerizations known to thase skilled
in the art. The sclection of the initiator will depend on such faclors as the initialor’s solubility
in onc or more of the reaction components {e.g. MOncHer, macTomonomer, water); and haif
life at the desired pelvmerization temperatare (preferably a half life within the range of from
about 30 minutes o about 10 hours). Suitable initiators include those previously described
herein in connection with forming Lhe roacromonomer, such as azo compounds such as 4,4
azobis(d-cyanovaleric acid), peroxides such us t-butyl hydroperoxide; sudium, polassium, or
ammonium persulfate; redox initintor systems such as, for example, persuiphate or peroxide
in combination with a reducing agent such as sodium metabisulfite, sodium bisulfite, sodium
formaldehyde sulfoxylate, isoascerbic acid; or combinations thereof. Metal promolers, such
as iron; and buffers, such as sodium bicarbonatc, may alse bc uscd in combination with the
imtiator.  Addionally, Controlled Free Radical Polymerization (CFRP) methods such as
Atom Transfer Radical Polymerizaiion; or Nitroxide Mediated Radical Polymerization may
be used. Preferred initiators inciude azo cornpounds such as 44%-azobis(d-cyanovaleric acid).

The amount of iliator used will depend on such factors as the capalymer desired and
the initiator seleeted.  Preferably, from about 0.1 weight pereent to about | weight percent
initiator is used, hased on the total weizht of monomer and macromonomer,

The polymerization temperature will depend on the type of initiator chosen and
desired polymerization rates, Preferably, however, the macromonamer and ethylenically
unsaturated monomer are polymerized at & temperature of fum about room temperaturs to
abowt 159°C, and more preferably from about 40°C 1o about 95°C.

The amount of macromonaomer aquecus emulsion and monomer composition added to
form Ihe polymerization reaction mixlure will depend on such factors as the concentrations of
macromonomer and ethylenically mnsaturated monomer in the macromonomer agucous
emulsfon and tonomer compaosition, respectively, and the desired copolyiner cornposition.

Preferably, the macromonomet aqueous smulsion and monomer composition are added in
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amounts to provide a copolymer containing as polymetized units of fom about 2 weight
percent to about 90 weight percent, more preferably from ubout 5 weight percent to about 50
weight pereent, and most preferably from wbout 5 weight percont 1o about 33 weight pereent
macromononter, and from about 10 weight percent to about 98 weight percent, morc
preferably from about 50 weight percent to abmut 95 weight percent and most preferably from
about §35 weight percent o about 95 weipht percent ethylenically unsaturated monomer,

One skilled in the art will recognize that other components used in conventional
emulsion polymerizalions may optionally be uscd in the method of the present invention. For
example, Lo reduce the molecular weight of the resulting gralt copolymer. the polymerization
may optionally be conducted in the presenue of one or more chain wranster agents, such as n-
dodecyl mereaptan, (hiophenol; halogen compounds such as brometrichloromethune: or
combinations thereof.  Also, additional initiator and/or catalyst may be added to the
polymerization reaclion mixture at the completion of the polymerization reaction to reduce
any residual monomer, {2 g., chasing agentd).  Suitable iniliutors or catalysts include those
initiators previously described herein.  Tno addition, the chain transfer capacity of a
macromonomer through addition-fragmenlation can be wilized in part to reduce mnlecular
weight throngh appropriate design of monomer vunipusitions and polymcrization conditions,
See e.g., E. Rizzardo, ct. al., Prog. Pacific Polyin. Sci., 1991, 1, 77-88; G. Moad, et. al., WO
96/15157.

Preferably, the process of the present invention does nol requine neutralization of the
mopomer, or resulfing aquecus copolymer composition. These components preferably
remain in unnewiralized form (e g, no neutralization with a base if acid Tunclional groups are
present).

‘The resulting aqueous copolymer compositien formed by polvmerization of the
macromonmner and the ethylenically unsaturated monomer in the monemer composition
preferably has a solids level of from about 30 weight percent (w about 65 wetght percent and
more preforebly from abeut 40 weight percent to abaut 60 weight percent. The zqucous
copolymer composition prefcrably confains copolymer purticles that are water inscluble and
Thave a paiticle size of from about 60 11 1o about 500 nm, and more preferably from about 80
am to about 200 nm.

The graft copolymer formed preferably has a backbone containing, a3 polymerized
units, the ethylenically unsaturated monomer from the munomer composition, and one or

more side chains, pendent from the backbone, containing the macromonomer. Preferably,
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euch side chain is formed lrom vne macromonomer prafted W the backbone, The degres of
polymeiization of the macromonomer side chains is preterably in the range of tiom about 16
to about 1300, and more preferably in the range of from about 20 to about 200, where the
depres of pulymerization s expressed as the mumber of polymerized units of ethylenically
unsaturated monomer used to form the macromonomer. The total weigit average molecular
weight of the graft copolymer is preferably in the range of from about 50,000 to about
2,000,000, and more preferably from abour 180,000 to abount 1,000,000, Weight avcrage
melecular welghis us used herein can be detenmined by size exclusion chromatography.

‘T'he copolymer particles of the aquecus copelymer composition can be isolated, for
example, by spray drving or coagulation. However, it is prefarable to use the copolvmer
aqueeus cormposition as is.

In a preferred embediment of the present invention, the polymerization is conducted
in lwo slages. In the [rst siage, the macromonomer is formed in an aqueous emulsion
polymerization process, and in the second stage the macromonomer is polymerized with the
ethyienically unsaturmed monemer in an emulsion. For efficlency, preferably these two
stages are conducred in a single vessel. For example, in the first stage. the mncromonomer
aqueous cmulsion may be formed by polvmerizing in an aqueous cmulsion at least one first
ethylenically unsaturatcd monomer to torm water insoluble macromonotner particles. This
first stage polymerization is preferably condueted using a transition metal chelate chain
ransfor ugent s previously described herein,  After forming the macromonomer agquecus
emulsion, a second emulsion polymerization is preferably performed in the sume vessel
pulymerize the macromonomer with al Jeast une second ethylenically unsaturated monormer.
This second stage may be conducled for example by direcly adding {e.g., all at onee or by «
gradual feed) the monomer composition and initiator to the macromenomer aqueous
cemualsion.  Onc main advantage of this embodiment is that the macromoenomer does not liave
to he isolated. and the second polymerization can ake place simply by adding the monomer
compusition and Initiator to the macromonoemer sgueous enulsion.

In another preferred embodiment of the present invenlion, the polymerization of the
macromonomer and ethylenically unsaturated monomer is at least partially performed in the
presence of an acid containing menomer, acid containing macromonomer, or combinations
thereof. The acid containing monomer or acid contnining macromonomer may be added in
any manner to the polymerizalion reaction mixmre. Preferably, the seid containing monomer

or acid containing mucromonomer is present fn the monemer composition.  The acid

JP 2004-509182 A 2004.3.25



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(85)

WO 024022689 PLT/US0E/28802

containing monomer or acid containing macramonomer may also be added as a separate
steeam to the pelymerization reaction mixture.

The amount of acid containing monomer or acid containing macromonemer added to
the pnlymerization reaction mixtare is preferably from about 0.2 weight percent to about 19
weight percent, mozre preferably from about 0,5 weight percent to about § weight percent, and
most preferably fom uboul 1 weight percent to about 2 weight percent, based on ihe total
wicight of monomer and macromonomer added to the polymerization resclion mixture.

Acid containing monomers which may be used in this embodiment include
elhylenically unsaturaled monomers bearing acid functional or acid forming groups such as
those previously described herein. The ueid conluining macremonomer uselul in this
embadiment is any low molecular weight polymer having at least one terminal ethylenically
unzatrated group thar is capable of being polymerized in a fiee radical polymerization
process, and that is formed from ar least one kind of acid containing monomer. Proferably,
the amouni of acid confaining menomer in the acid containing macromonoter is from about
50 weight percent to 100 weighl percent, more preferably fiom about 90 weight percent to
100 weight percem, and most preferably from about 95 weight pereent o 100 weight pereent.

The acid contwinming maciemonomer may be prepared according to any technique
known to thosc skilled in the art such as those previously described herein, In a prefermed
cmbediment of the present invention, the acid containing macromonomer is prepured by a
solution polymerization process using a free radical initiator and trausition metal chelate
complex,  An example of such a process iz disclosed in for example [LS. Patert No.
5,721,330, which is incorporated by reference in its entirety. Preferred acid containing
monomers used 1o form the acid containing macromonomer arc c-methyl vinyl monomers
such a3 methacrylic acid.

nn another preferred embodimeni of the present invention, 2 macromolecular vrganic
compound having a hydrophobic cavity is present in the polymerization medium used to form
the macremonomer and/or aqueous copolymer composition. Preferubly, the macromoleeular
organic compound is used when copolymerizing ethylenically unsaturated monomers with
very low water salubility such as lauryl or stearyl acrylates and/or methacrylates. By “low
waler solubility™ it is meant a water solubilily al 25°C to 50°C of no greater than 50
millimoles/liter. For example, the macromelecular arganie compound may be added ta the
monomer campuosition, the macromonomer agueous emulsion, or the polymerization reaction

mixlure used to form the agueovs copolymer composition. Alse, for cxample the
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macromolecnlar organic compaund may he added to an agueous emmlsion of ethylenically
unsaturated monomer wsed 1o fort the macromoncmer. Suitable techniques for wsing u
macrumolecular organic compound having a hydrophobie cavity are disclosed in, for
example. LS. Putent No. 3,521,266, the disclosure of which is hereby incorperated by
refercnec in its entirety.

Preferably, the macromolecular organic compound having @ hydrophobic cavity is
added to the polymerization reaction mixture to provide a molar ratio of macromolecular
organic compound to low water solubility menomer or macromonomer of from about 5:1 to
about 1:3000 and more preferably [rom sbout 1:1 to about 1:500.

Macromolecular organic compounds having a hydrophobic cavity useful in the present
invention include for example coyclodextrin or eyclodextrin - derivatives; eyclic
oligosaccharides having a hydrophohie cavity such as cycloinulohexuse, cycloinuloheptoss,
or cycloinuloctose; calyxarcnes; cavitands; or combinations thercof — Preferably, the
macromolccular organic compound is B-cyciodexirin, more preferably methyl-l-cyclodextrin,

Monomers baving low water solubility include for example primary alkenes; styrene
and alkylsubstituted styrenc: e-methyl slyrene; vinyltoluene; vinyl esters of Cy 1o Cap
carhoxylic acids, such as vinyl 2-ethylbexanoate, vinyl ncodecancate; vinyl chioride;
virylidene chloride; W-alkyl subsilluied (methjacrylamide snch as octyl acrylamide axd
malcic acid amide; vigyl alkyl or ucyl ethers with {Cs -Cyp) alkyl geoups such as sleuryl vinyl
ether; (Cy -Cse) alkyl esters of (methacrylic acid, such as methyl methacryiate, ethyl
(meth)acrylate, butyl (meth)zerylate, 2-cthyThexyl (melhjacrylute, benzyl (meth)acrylate,
Tawryl (methjacrylate, oleyt (methyacrylate, palmityl (methlacrylule, stearyl (meth)acrylate;
unsaturated vinyl esters of (meth)acrylic acid such as those derived from fatly acids and faty
aleohols; multifunctional monomers such us pemtaerythritel trizerylare; monomers derived
from cholesters] or combipations (herecf.

In another aspect of the present inventinn an aqueous copolymer composition is
provided that is preferably produced by the method of the present invenlion as previously
described herein.  The aquecus copolymer composition containg water insoluble particles of
graft copolymer that sre preferably comb copolymer particles. The comb copolymer particles
preforably have a welght average particle size of from about 50 nm to about 500 @, and
more preferably fram about §0 am 1o about 200 om.

Preferably, the particles of gratl copolymer centain from about 2 weight percent to

about 90 weight percent, and more preforably from about 5 weight percent to aboat 50 weight
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percent polymerized units of a macromonomer, based on the total weight of the copolymer,
where the macromonomer preferably has a composition as previously deseribed herein for the
water insoluble macromonomer present in the macromenomer aqueous emulsion. The graft
copolymer particles also preferably contain from about 10 weight perecnt to about 98 weight
pervent, and more preferably from about 50 weight percent to about 95 weight pereent
pulymerized units of at least one ethylenically unsatwated mencmer, based on the total
weight of the copolymer. ‘Lhe ethylenically unsatwated monomer may be any sthylenically
unsaturated monomer that provides desireble properties in the copolymer particles, such as
those ugeful in the menamer composition as previously described hereln.

Freferably. the backbone of the graft copelymer is linear. Compositionally, the
backbone of the copolymer preferably contains polymerized units of the ethylenically
unsatiurated monomer derived fGom the monomer composition.  Preferably, the backbone
contains less than 20 mole percent, and more preferably less than 10 mole percemt of
pulymerized mactomonomer derived from the mucromonumer aqueous crulsion bascd on
the tolal moles of the copolymer.

The side chains of the graft copolymer preferably comain pelymerized units of the
mucromonomer.  In a preferred embodiment of the present invention, each side chain
comprises one mucromnonomer.  Additionally, the side chains contain less than 5 weight
percent and more preferably less than | weight percent of the polymerized ethylenically
unsaturated monomer derived from the monomer enmposition, hased on the tntal weight of
the side chains.

Preferahly, the overail weight average molecular weight of the graft copolyiner is from
nhuui 50,000 o about 2,000,000, and more preferably from about 100,008 to about
1.004,000.

In & preferred embodiment of the presont invention, the water insuluble copolymer
particles further contain from abeut 0.2 weight percent to about 10 weight percent, more
preferably from about 0.5 weight porcent to about § weight percent, and most preferably from
about | weight percent to about 2 weight percent of an acid containing macromonomer, bascd
on the total weight ol the yrafi copolymer. The acid containing mactemonciner preferably
has a composition as previously described herein.

Althopgh in no way inending to be bound by theory, if is beleved that the acid
containing macromenomer is atached to the surface of the water insoluble geaft copolymer

parlicles and provides stability. By “attached,” as used herein, it is believed that the acid
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containing macromonomer is bound in some manncr (2.g,, covalent, hydrogen bending, ionic}
to a polymer chain in lhe particle. Preforably, the acid centaining macromonomer is
covalently baund to a polymer chain in the particle. It has been found that the scid containing
macromenomer provides stability to the particles such that the aquepus copolymer
composilion produced exhibits unexpected improved shear stability; freese thaw stability; and
stability to additives in Fformulations, as well as reduction of eeagulums during the
polymerization.  Although improved stability can be achieved nsing acid containing
monomer, these benelits are most dramatic when an acid containing macromonemwer is used.

The aquenus copolymer composition in addilivn to the copolymer particles preferably
contains less than about 10 weight pereent, and more preferably less than about 1 weight
percent of organic sulvent, In a most preferred embodiment, the agueous copolymer
composition containg no organie solvent.

An advantage of using the method of the present invention to prepare the aqueocus
copolymer composition is that the resulting copolymer compositian contains low levels of
homopolymer, such as for exumple homopolymer of elhylenically unsaturated monomer
derived from the menemer composition or homepelymer of macromonomer detived from the
MACTOMOnemer aquecus crnlsion.  Preferably the aqueous copolymer composition containg
less than about 30 weight percent and more preferably less than about 20 weight percent of
hmmopolyter of macromonnmer, basad on the tntal weighl of the grafi copulymer.
Preferably also the agueous copolymer composition containg less than aboul 30 weight
perecnt and more preferably less than about 20 weight percemt of humopolymer of
cthylenically wnsaturated monomer.

The aqueous copelymer compositions produced by the method of the present
invention are useful in a variely of applications, For example, the uqueous copnlymer
comipositions may b used in architectural und industrial coalings including paints, wood
costings, or inks; paper coatings; textile and nonwover binders and finishes; adhesives:
mastics; floor polishes; leather coatings; plastics; plastic additives; petroleum additives;

thermeplastic elastomers or combinations thereof,

EXAMPLES
Some embodiments of the invention will now be described in detail in the foliewing
Examples. The Tollowing abbreviativns shown in Table 1 ave used in the examples:
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Table 1: Abbreviations

Abbreviation . .
A-16-22 Polystep A-16-22, anionic surfactant, supplied as 22% solids by
Stepan Company, located in Nortbfield, Nlinos,

| BA Buiyl acrylale

BD Butadiene

BMA Buiyl methacrylate

CaBF Co(ID-(2,3-dioxyiminebutune-Bl: )

CVA 4,4-azobis{4-cvanovaleric acid)

Fe 0.15% Ferrous sullate in waler

DRS Drodecyl bemecoe sulfonate

GC Gas chromatograph

SEC Sizc exelusion ¢hromatography

HPLC High performance liyuid chromatagraphy

Init. Initiator

IR Infrared spectroseopy

LCCC Lignid chromatography under critical conditions

MAA Methacrvlic ucid

MMA Methyl methaerylate .

Mn Numher average molecular weight

NaMBS Sodium metubisullite

NaPs§ Sodiun persulfate

nDDM Dodeeyl mercaptan

OT-100 Aerose] {¥1-100, anionic surfactunt, supplied as 100% active by

Cytec Industries Ine., located in Morristown, New Jersey.

PMAA-MM Poly-methacrylic acid mactomonomer

PMMA Melhyl methacrylare homopehmer

PMMA-MM Poly-methyl methacrvlate macromonomer 1

Poly-(BA~g-BMA) | Grafi copolymer of BA with BMA side chains

Poly-(BA-g MMA) | Grafl copolymer of BA with MMA side chaing

Poly-(BD-g-MMA) | Graft copolymer of BD with MMA side chainy |
| Wako VA-044 2,2"-azobis[2-(2-imidazalin2-2yDpropape] dikvdrachloride

In the Exumples, monomer conversion was determined by GC analysis of nnreacted
monomer using standard methods,  Welght percent solids for the macromencmer and
copolymer composilions wete determined by gravimetric analysis. Parlicle size of the
macromonomet and copolymer compositions were obtained using a Matec CHDF 2000
particle size analyzer equipped with a HPLC type Ulira-violel detector.

Except where noted dilferenty, macromonomer was measured for nuntber averaye
molecular weight by SEC using 2 pnlystyrene standard from Polymer Laboratories (PS-1)
having a peak average molecuiar weicht ranging from 580 to 7.500,000 with narrow
molecular weight distribution. Conversions from pelystyrene to PMMA were made using
“ark-Howwink constants. Copolymer compositions were cvalualed for number average

maolecular weight and weight sverage molecular weight using SEC as described above.
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Comparative Example 1.0

Low moalcenlar weight MMA polymer was prepared by an aqueous emulsion
polymerization process using « comventional chain transfor agent. The polymcrization was
cenducted in a 2-liter, four neck round bottom reaction flask equipped with a mechanical
stirrer, temperature conirol device, condenser, monomer feed line and a nitrogen nlet
wecording to the following procedure.  To the reaction flask were added 483.7 grams of
delonized water, 2.0 grams of A-16-22, anxl 1,55 prams of an aqueons solution containing 52
wt%% methyl-B-cyclodextrin to form o surfactant solution. A monamer emulsion contuining
123g of delonized waler, 3¢ of A-16-22, 303p of MMA and Sg of nDDM was prepared
separately. Additionally, an initiator selution was prepared by dissolving 1.56g of NuBS in
72.3 g of deionized water. The surfaclant solution was heated to 80°C after which 60% of the
fotal initiator solution was added tu the reaction flask. The monomer cmulsion and the
remaining Initiator solution were then fed over a perud of 60 minutes. At the end of the feed
period, the reaction mixture was mainiained at 30°C for an additional 30 minutes, followed
by covling and filtering. The resulting low molccular weight MMA. emulsion contained 31.0
Wt solids. The MMA polymer had a number average molecular weight (Mn) of 21700.

Examples 1.1 to 1.8 — Preparation of PMMA-MM by Finulsion Pulymerization

MMA macromonomer (IMMA-MM} was prepared by emalsion polymcrization
processes in Examples 1,1 to 1.8 using the same equipment described in Comparative
Cxanple 1.0. The specific amounts of water, surfactant, MMA, chain transfer agent (CTA),
and initiator used in Examples 1.1 w 1.8 are shown in Table 2. These ingredients were added
according to the following procedure. 1n a different flask from the reaction flask, a munomer
solution was preparcd by dissolving the chain transfer agent in MiIA under a nitrogen purge.
Deionized water and surfactant ((Y1-100) were introduced inta the teaction flask at room,
temperature to form a water surfactant solution. The water sfactant solution was mixed and
heated to 80°C with stining under a nitrogen purge. Upon reaching a temperature of 80°C,
and upen complele dissolution of the surfactant, the initiator (CVA) was added to the water
surfactant solution with stirring for 1 minule W pennil the inidalor to dissolve. After
disaelution of the initiator, 20 percent by weight of the monomer selution was added to the
reaction flask with stirring. Following this initial churge. the remuining monomer solution
was fed over 2 period of | to 2 hours, with stiiring, t form a reaction mixture. At the end of
the feed period, the reaction mixture was maintained at 80°C for an additional 1 to 3 hours.
The reaction mixiure wes then cooled 1o room temperature ad passed througl & filter eloth to
remove any ceagulum.

Generally, the resulting macrumonomer emulsion contained less than 5 weight percent
ceagulum based on the total weight of macromonomer, and tbe conversion ol monomer was
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aver 99 weight percent, based on the total weight of menomer added. The Mn, weight
percent solids and particle size for each macromonomer are reported in Table 2.

Table 2: Preparation of PMMA-MM

Fxample | HzQ | Surfactant | MMA | CTA | Initiator | Pact. | Mn | Wi %
® | @ @ |opm®| @P | Size Solids
{om)

i1 720 3.6 324 40 | 36 165 | 2430 | 32.0
i2 720 EX] 324 87 36 126 | 12612 | 31.0
i3 720 36 24 109 36 158 | 9856 | 31.0
14 720 36 324 80.6 36 231 1386 | 303
1.3 720 36 324 21.8 36 201 4416 | 291
6 730 3.6 324 10.7 36 169 | 7931 30.5
7 [ 720 3.6 360 1.8 36 155 | 10185 | 32.0
18 | 1440 72 720 15.2 7.2 167 | 7237 | 32.0

O pnm males of chain transfer agent (CoRF) hased an total moles of monomer.
B Cva, supplied by Aldrivh as a 75 weight percent agqueous salution of mitiator.
& OT-100.

Example 2: Preparation of FMAA-MM By Solution Polymerization

An MAA macromenomer (PMAA-MM) was prepared by an agueouns solution
polymerization process in a 2-liter baffled flange flask equipped with & mechanical stirrer,
condenser, emperatura control device, initiator feed lines and a nitrogen inlet. ‘The apparatus
was pueged with nitrogen for 30 minotes after 0.018 p of CoRF was added. Deionized warer,
1080 g, was charged 10 the flask and heated to 53°C under a nitrpgen purge. A monomer
mixture containing 510 m! of MAA and 0.0] g of CoBF was prepared separately under
nitrogen. When the dejonized water reached a temperature of 35°C, 1.94 ¢ ol injidalor (Wako
VA-044) was added (o the reaction {lusk. Following the addition of the initiator, the
monomer mixturc was added over a perind of 60 minutes to the reaction flask with stirring.
The temperature was then held at 55°C for 2 hours follewing completion of the menomer
mixturc feed. Upon cooling the reaction flask to room temperature, the MAA-MM (Example
2.1) was 1solated as dricd polymer by rotary evaporation. The number average molecular
weight (Mn) of the MAA-MM was determined by proton nuclear magnctic resonance to be
4030 hased on the integration of the vinyl end proup wilh respect to the methy] and methylens
groups of the polymer chain,

Example 3;  Preparation of Poly-(BA-g-MMA} Graft Copolymers by Batch Emulsion
Polymerization Process

Compurative Example 3.0C and Examples 3.1 to 3.15 graft copolymers were prepared

by a batch emwulsion palymerization process in a 1-liter, four peck round hottom reaction flask

equipped with a mechanical stirer, condenser, temperature control device, initiator feed lines
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and & nitregen inlet, The specific amounts uf PMMA-MM (28 emulsion), water, surfactant,
acid containing monomer (marked "acid in Table 3), BA, initigtor, and buffer used are
shown in Table 3, These ingredients were added according to the following procedure.
Deionized water (HyO #1 in Table 3) and PMMA-MM cmulsion obtained from the example
indicated in Table 3 (sub-column marked "Fx" under the "PMMA-MM" volumn) were
introduced into the reaction flask at room temperature. A monomer emulsion of deionized
water (H;0 #2 in Table 3), surfactant, acid conlaining monomer, and BA was prepared. The
monormer emulsion in Example 3.13 additionally ¢ontained .13 g of nDDM. The monomer
emulsion was introduced into the reaction flask at room temperature with stirring to form a
reaction mixture. After stimming for 20 minules, the rcaction mixture was heated to the
renction temperature indicated in Table 3.

Once the reaction temperature was reached, an initiator and oplionally a butter were
introduced into the reaction flask with stirring according to the following procedures,  For
examples 3.1C; 3.2; 3.3 and 3.4 1o 3.8, both the buller and initiator listed in Table 3 were
added us a single shot to the reaction flask. For examples 3.9 to 3.12 and 3.16, 20% by
weight of the initiator solution was added in one shat 10 the reaction flask,, with the remainder
being fed over 1 to 2 hours. For the cxamples prepared with a redox initiater (3,13 to 3.13),
one third of the NaPS and NaMBS were added in one shot o the reaction flask, with ihe
remuinder fod over 1 to 2 hours.  Alse, for the redox inftiaor system, all of the Ta and
NagCOy were added Lo the reaction flask at the beginning of the NuPS and NaMBS feeds.
After the initiator and butfer were added, the reaction mixture was maintained st the reaction
temperature for & periad of 1 to 2 hours. The resulting copelymer eomposition was analyzed
for conversion and other properties as described in Example 10. The conversion of BA, ax
determined by standard GC melhods. was greater than 99 weight percent based on the (otal
weiglt of BA charged.,
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‘[able 3;: Preparation of Poly-(BA-g-MMA) Graft Copolymers Prepared hy Batch
Process

Exumple | PMMA- | H;0 | B:0 Surf, BA Tewp. init. Buffer™ | Acid
M #l | #2 | @ @ (9] @® [6) @
@® | @
Fx | Amt.
.(8) - -
3.0¢® 10| @467 22 [ 25 | 22 | 826 | 0.09%% 0.1 [1.96%
32 [1.4[ 100 [ 14 [205[ 049 | 557 | 70 0.63% 0 i
33 [13[ 97 | 17 |208[ 049 [ 557 [ 70 0.630 0

[i
34 (11508 0 [19] 11 | 478 80 0.07% 0.05  [0.987
35 (15 52 1o [ 1w ] 11 | 478 30 0.07% 0.05  [0.987
36 16[533] 0 [203] 1.1 [ 478 | 8 | 007" | 004 [0.987
3.7 1135241 0 |19 1.1 [ 478 20 0.07% 005 0.9
38 2] 2 f o [ 11 [478 80 0.07% 0.05  5.987

39 [13] 216 | 59 [468] 1.1 [1238] %0 1.0s% 0 236"
310 [13] 84 [ 77 39 [09r [ 103 | g | 007 0 1.3%0
301 (23] 42 |42 iz | 102 [ 115 80 0.07% 0 139
302 a3l 21 Tuztaees] 108 {1225 w0 007 0 1,38
303 18] 71 | 0 [20 | 11 [4137| 90 | Redox | 0.05 [0.087
304 gl 71| o [ 14! 00 13 70 | Redox™ [ 005 [0.87
305 {71 o [1ab 1l [413] 95 [Redow®™ [ 005 [0987
316 13[ 728 17 [156] 037 [ 413 30 035 o [0.75W

19,13 g nDDM was added to the monamer emwlsion.
@ Erhoxylated Cg to O3 alkyl ather sulfate having fram 1 to 40 ethylene oxide groups per
molecule (30% active in water), cxeept for Fxample 3. 12 whick was prepured with A-16-22 .
O upersol 11 supplicd by EIf Atochem.

“Redox initiator system contained 0.07g NaP$ jn 3g water; 0,06g NaMBS in 3¢ water: and
0.7 Te.

EIaP$ dissolved in 5-20 g of water.

DygAn

OPMAA-MM (prepared by method af Fxample 2.1)

O omparative prepared with PMMA having no terminal sthylenically wgsaturated groups.
®I50dium carbonate dissolved in Sg of water.
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Example 4:  Preparatian of Poly-(BA-g-MMA) by Semi-continuous Process

In Examples 4.1 to 4.5, graft copolymers were prepared by a semi-continuous
emulsion polymerization process in a 1-liter round bottomn flask with four neck equipped with
a mechanical stirrer, temperature control device, initiator feed lines and a nitrogen inlet. The
specific amownts of PMMA-MM (a5 emulsion), waler, surfactant, BA, acid contsining
monomer, and initiator used in Examples 4.1 to 4.4 are shown in Table 4. These ingredients
were added according 1o the following procedure. A monomer emulsion of deionized water
{H:(> #2 in Table 4), surfactani, and BA was prepared in a separate flask. The monomer
emulsion in Example 4.2 addilionally conlained 0.13 g of nDBM. Deionized water (ILO #1
in Table 4}, acid containing monomer, and PMMA-MM obtained from the example indicated
in Tzble 4 (sub-column marked "Ex" under the "PMMA-MM" column) were introduced inta
the reaction flask at room temperature to fonn a reaction mixture. The reaction mixture was
heated to the reaction wemperawee indicated in Table 4 while stirring vnder a nirogen purge.
Upon reaching the reaction temperature, an. imitialor and buller Gf desired) were miroduced
intn the reacrion tlask with stircing according to the tollowing proscdurea. For examples 4.1
1o 4.3 {prepared with a redox Initiatar), one third of the NaPS mnd NaMDS, and all of the 17
and Na,C(¥; were added in one shot to the reaction flask. The remaining NaP5 and NaMB5S
was then cofed with the menomer emulsion ever a 90 minute peried. In Example 4.4, enc
third of the WaPS, amt all of the NugCO; were added in one shot Lo the reaction Mask,
followed by cofeeding the monomer emulsion with the remaining NaPS§ over a ) minute
perind. Tlpen complction of the feeds, the scaction mixture was maintained at the reaction
temperature for a period of 110 2 hours. The resolting copelymer composution was analyzed
for conversion and other properlics us described in Example 10. The conversion of BA.
determined by standard GC methods, was greater than 99 weight percent based on the toial
weight of BA charged,
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Tabje 4: Preparation of Poly-(BA-g-MMA) Prepared by Semi-Continuous Process

Example | PMMA- [ H0 | HoO [ Surt™ [ BA | Temp. Tnit. Butfec™ | Acid
MM #o R (g [¢4] (%] 5] © @
@ | @& .
Ex [ Amt.
L]

41 Ju7lesal 12 [ 23 1 10 [ 413 | 90 | Redow™ | 005 | 098]

42 (18] 71 [wo] 10 11 [4137] 60 [Redox™ | 041 [ 088

43 [18] 71 [108] 101 1.1 | 413 [ 90 [Redox™ | 011 | 098
44 118 71 ]103] 18 1.1 413 90 0.16 0.1 0.9%

70,13 ;2 nPDM was added to the moneraer enulsion.

@ Lihoxylated Cs to Cg alky? ether sulfate having from 1 to 40 ethylene oxide groups per

molecule (307 active in watcr).

@ Redox initiator system include 0,16 NaP$ in 6g waler; 0.14g NaMUS in By water: and

072 Fe.

W NapS dissolved in 10g of waler.

) Sodium carbonate disselved in 3g of water.

G PMAA-MM (prepared by methad of Example 2.1)

Example 5:  Preparativa of Poly-(BD-g-MMA) graft copolymers

A graft copolymer having a backbone of BD and side chains of MMA was
prepared in accordance with the methad of the present invention, The grall copolymer was
prepared in two stages. In the first stage, PMMA-MM was prepared in accordancs with the
procedure used in Example 1. except that the following amounts of ingredients shown in
Table 5& werc uscd to replace the camresponding ingredients in Table 2:

Tahble 3a: Ingredients nsed in Preparation of BMA Macrom

Ingredicnt Amount Charged
H:D 2380 ¢

Surfactant {A-16-22) 55¢

MMA 1197 g

CoBF ' 10.9 ppmt"”
Initiator (CVA) 126g

U} Rased on total moles of MMA monomer.

The resulting PMMA-MM had an Mn of 19,260,

Ln the secund stage, a grafi poly-(BD-g-MMA) was prepared in a steel pressure reactor
cquipped with 2 mechanical stirver, lemperalure control device, and feed lings, Inpredienis A
through 1, shown in Tahle 5b, were charged to the reactor at rovm lemperature. The reactor
was then scaled and vacuum was upplied, with sticring, to reduce the reactor pressure to 15
inches of Hg. Butadicne (E) in Table 5b was quickly pomped inte the reactor and stirred for
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10 minutes. Follewing stimming the reacion mixture was heated to 60°C for 30 minutes.
After the resctor temperature stabilized to 60°C, ingredients F, G, and H in Table 5b were
gradually pumped into the reactor over a period of 7 hours. Following completion cf the
foeds, the reaction mixture was held for 60 minutes at 60 <C.

Table Sh: Ingredients used in I'reparation of Poly-(BD-g-MMA) Grafi Copolymer

[ngredient Amount Charged
A H 1 6049.4 g
B Acetic acid 43g
[ PMMA-MM {as emulsion) 1389.71 g (Example 5a)
D 110 %2 (use for rinsing) 250 g
E BD 8775
F t-butyl perogide (2% solution) 19744 ¢
G SES'T (1% solution) 26325 g
H | Aetosol-OT (75% solutien) 351g

M godium formaldehyde sulfoxylate

I NMR analysis of the grafi copolymer in tetmhydrofuran showed a weight percent
ratio of BD to MMA of 65.2 to 34.8. Analysis of the unreacted PMMA-MM by HPELC
showed an incorporation of PMMA-MM of about 44 wit% based on the total weight of
PMMA-MM added. HPLC showed a predorninam BIYMMA grall copolymer peak (verilied
by 1R). Differential scanning calorimetry showed twe phase transitions at -79.8% and
110.4°C, respectively. The graft copelymer contposition had a solids content of 135 wi% and
welght overage particle size of 107 nm.

Example 6;  Preparativn of Poly-(BA-g-BMA) Graft Copolymer

A graft copelymer having a backbone of BA and side cliains of BMA was prepared in
accordance with the method of the present invention, The graft copolymer was prepared in
two stages, In the first stage, butyl methacrylate macremonomer was prepared in accordance
with the precedurc used in Example 1, excepe that the following amounts of ingredicniz

shown i Table 8a were used to replace the corresponding ingredients in Table 2:
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Table fa: Ingredients used in Preparation of BMA Macromonomer

Ingredicot Awmount Charged
110 T20g

Surfaclant (Aerosol OT-100) 36

BMA 324

Col3F 10.9 ppin™
Tnitiator (CVA) 36

) Based on tatal moles of BMA monomer

The resulting BMA macromonomer had an Mn of 8900.

In the sccond stage, & graft poly-(BA-g-BMA) was prepared using the procedure

B5°C was used.

described in Exampie 3, except thal the following amounts of ingredients shown in Tuble 6b

were used to replace the comresponding ingredients in Tuable 3, and a reaction temperature of

Tahle 6b: Ingredients used in Preparation of Poly-(BA-g-BMA) Graft Copolymer

Ingredient Amount Charged
FRMA-MM (as cmulgion} 84.1 g (Example Ga)
H,042 5g

Surfactant™ llg

BA 413¢

Initiator Redox™

Acid (PMAA-MM) 0,98 g (Cxample 2.1)

(" Redox mitiator systern was 0.07g NuPS in g water: 0.06g NaMES in 3y waier;

0.05g NapC0s in 3g water and 0.7g Fe.

@ Ethosylated Cy 1o Cug 2lky] ether sulfate having from 1 to 40 ethylens oxide groups

per molecule (30% active in water).

The praft copolymer formed contained 63.5 weight percent BA, 35 weight percent of

PRMA-MM and 1.5 weighl percent of PMAA-MM.
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Example 7:  Preparation of Poly-(Styrenc-g-MMA) Graft Copolymer

A graft copelymer having a backbone of styrene and side chains of PMMA-MM was
prepared in accordance with the method of the present invention. The graft copolymer was
prepared in two stages. Mucromenomer PMMA-MM (obtained from Example 1.8) was used
in the synthesis of the graft Poly-(Styrenc-g-MMA). The graft Poly-{Styrene-g-MMA) was
prepared using the procedure described in Example 3 except that the following amounts of’
ingredients shown in Table 7 werc used to replace the corresponding ingredients in Tuble 3,

and a reaction temperature of 85°C was used.

I'able 7: Ingredicnts used in Preparation of Puly-(Styrene-g-MMA) Grait Copelymer

Ingredient Amount Charged
PMMA-MM (a3 cmulsion) 84.1 g (Example 1.8}
0 £2 L5g

Surfactant’ 11lg

Styrene 413 g

Initiator Redoxt"

Acid (pMAA-MM) 0.98 g {Example 2.1)

I Redex initiator system inelude 0.07g NaPS in 3g water; 0.06g NaMBS in 3g waler;
0.05g Nax(C03 in 3 water and 0.7g Fe. .

® Ethaxylated Cy to Cyg alkyl ether sulfate having from 1 to 40 ethylene oxide groups
per molecule (30% active in water).

The graft copalymer formed confained 63.5 weight percent styvene, 35 weight percent
af PMMA-MM and 1.5 weight percent of PMAA-MM.

Example 3:  Preparation of Poly-(BA-g-MMA) by a Single Vessel Synthesis Procedure

A graft copolymer baving 1 backbone of BA and side chalns of MIMA was prepared in
acenrdance with the nethod of the present invention in a single vessel in two aqueous
emulsion polymerization stages. In the first stage, PMMA-MM was prepared and in the
second stage the PMMA-MM  was copolymerized with BA.

The PMMA-MM was prepared in a four neck, 5-liter round bottom reaction flask
equipped with a mechanical stirrer, temperature contrel deviee, condenser, monomer feed line
and a nitrogen inlet. ‘Lhe reaction flask was charged with 680 g of deionized water and 157 g
of A-16-21 to form a water surtactant solution. The water surfactant solution was heated
with stirring to 80°C under a nitrogen purge. At 80°C, 3.6 g of 4.4-azobis(d-cyanovaleric
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acid) was added with stiming to the reaction flask. ‘Twa minutes later, 18 g of MMA was
added to the reaction flask with stirring. A monomer mixlure conluining 342 g of MMA and
0.02 g of CoBF was prepared scparatcly and degassed by bubbling nifrogen in the monomer
mixture for 20 minutes. A 2024 by weight portion of the monemer mixture was added to the
reaction flask 10 minutes affer adding the 18 g of MMA. The remainder of the monomer
mixture was fod over 120 minutes with stirring while maintaining the temperature at BO°C.
At the end of the monomer mixture feed, the temperature of the reaction mixture in the flask
was kept at 80°C for 60 minutes and then cooled 1o 40°C. The resulting macromonomer
agquecns smulsion was reacted in the same vessel in & second stage as desoribed below.

In the second stage, a monainer emulsion containing 226 g of deionized water, 16.52
¢ of an ethoxylated Cq w Cyg alkyl ether sulfate (30 wi% active) having from 1 to 40 ethylune
oxide groups per molecule (30% active in water), 658 g of butlyl acrylate was prepared. In
addition, 102 g of PMAA-MM, in 75.4 g of water was prepared sepurately. The menomer
emulsion and the PMAA-MM solution were added o the reaction (lask at 40°C, and the
resulting reaction mixwire was stirred for 20 minates, fullowed by heating to 85°C. At 85°C,
1.06 g of sodium persulfste dissolved n 25 ¢ of water and (.47 g of sodivm carhonate
dissolved in 25 g of were added to the reaction flask i a single shot, followed with 20 g of
deionized water rinse. Following the charges of initialor and buffer, the reaction mixture was
maintained with stirring at 85°C for 60 minutes. After eooling the reaction mixture to 40°C,
13.72 g of a 0.15% solutien of FeSO4 in water was added with stirting, followed by additions
of 1-butyl peroxide and isoascorbic acid {070 g and 9.34 g each in 13 g of water,
respectively). A second addition of t-butyl peroxide and isoascorbic acid in the sume
smounts were added 15 minutes after (e Grst one.  The reaction mixture was held with
stirring for 30 munutes at a temperature of 40°C.

The resuliing copolymer composition was cooled to room temperature and passed
through a filter cloth to remove any coagnium. The resulting grafl copolymer contained 64
weight pereent of buly! acrylate, 35 weight percent of methyl methaerylatc and | weight
percent of PMAA-MM. The copolymer eomposition had an incorpoeration of PMMA-MM of
76 weight pereent hased on (be wial weight of PMMA-MM charged.

Example % Churacterization of Copolymer Compositiens

Gralt copolymer compositions prepared in the previous examples were chatuclericed
by wvarivus analytical techniques to determine wit% solids, particle size, weiglt average
molecular weight, number average molecular weight, and percont incorporation of
1NACromonomer.

Determinution of the amount of unreacted macromonomer was caried our by IIPLC
analysis using the following procedure. The copolymer composiliuns were dissolved in THF
and analyzed by gradient elution on an LC-18 column supplied by Supelco, localed in
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Belletonte, PA such that a well-isolated peak was observed [or the upreacted macromonomer.
Quantification was carried out by calibrating he detector response using known standards of

the same macromonomer employed m the synthesis. The results of the characterization are

reported in Table 8 below.
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Tahle 8: Chavacterization Of Capolymer Compositions

™ Bimodal molecular weight distribution

with the lower mole

polymer prepared according to Lxample 1.0C did not copolymerize.

@ Based on he total weight of macromonomer added to reaction vessel. Some of the
samples (Example 3.3, 3.9, 3.1(, 3,11, 3.12, 6.1) were not analyzed for PMMA-MM

icorparation.

Example 10: Analysis of Example 3.16

A two-dimensional HPLC analysis was carried ot on Exaniple 3.16 1o determine the

average number of grafis per polymer moleculs and to show that a gzaft copolymer is formed.

Example Yo FParticle | Mw Mn PMMA-MM
Solids | Size |@10%| x10h | Incorp. ¥
(nm) wWi%%)
3.1C 41 120 0 m <2
T3z 3.1 268 | 119.7 | 8886 89
33 410 204 | 2860 [ 290 -
3.4 493 245 | 3881 | 2177 90
15 502 215 | 7083 | 3783 26
3% 515 | 22% | 10150 2669 68
3.7 48.1 326 | 1242.6 | R09.6 74
3.8 475 215 | 10826 | 3274 71
39 M2 | 180 | 7249 | 1142 -
3.10 413 203 | 14689 | 8753 -
3.11 39.6 208 112638 9640 -
3.32 397 227 | 1226.1 | 813.1 -
3.13 33 232 | 2261 | 888 %3
314 44.6 208 | 7955 | 1820 73
305 44 230 | 437.1 | 1603 38
3.16 4.4 194 | 2161 | 1303 7 .
4.1 34 222 | 5333 | 666 3 :
4.2 33 210 | 2645 | 673 [
43 423 181 | 664.8 | §3.2 94
1.4 128 168 | 857.9 | 721 94
6.1 393 192 | 552.0 | 328.0 -
| 71 331 161 [ 937 | 207 60
8.1 44 150 | 1041.6 | 1468 76

cular  weight

corresponding to the melecular weight of the macromonomer, indicating that the
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Twa-dimensional [IPLC provides much greatar resolution compared to conventional HPLC
for the separation of complex polymer materials. The method used in this analysis was
similar 1o that described in “2D Chromatographic Analysis OF Graft Copolymers Obtained By
Cuapolymerization Of Macromenomers Via Conventional, Controlled Radical, And Anjonic
Polymerizations” by Miller, Axel H. E et al., Polyrn. Prepr., Am. Chem. Svc.. Div. Polym.
Chem,, 40(2), pages 140-141, 1999, which is hereby incorparated by reference in its entirety.
LECC was used in one dimension and GPC was used in the second dimension; cots from the
first analysis were sequentially anulyzed by the sceond technique, and appropriate softovare
consiructed a plot of the duts in two dimensions. The LCCC analysis was run under critical
conditions for PBA, and size exclusion conditions for PMMA so that the total molecular
weight of the MMA grafts on the copulymer could be determined. From this value,
(assuming each side chain contained oue macromonomer) the number of side chains per
copolymer was caleulated. Also, LCCC was used to determine the composition of the
copolymer. The analysis in (e second dimension using SEC was used to estimale (he total
molecular weights of the copolymer. The molscular weights measured were calibrated using
standards of PMMA for the LCCC dimensin and PRA for the GPC dimension. The
resulling two-dimensional chromatogram showed a major copolymer pesk (roughly cstimated
a1l »70%) which, from the LCCC data, contained a total PMMA molecular weight (Mn) of
aboul 110,000. Using the Mn value of 9600 for the PMMA macromonomer, an average
number of grafts per polymer chain was estimated at about 11.5. From the seeond dimension
the averall molecular weight of this peak was estimated to be 580,000 The {wo-dimensional
cluwonatogram showed two other series of copolymer peaks, tut no PBA homopolymer was
detected. The overall composition of the major copolymer peak caleulated from the two-
dimensional ITPLC data was about 85w BA and 13w1% MMA. This composition varies
Teom the expected composition of 72wi% DA and 28wt% MMA (calculated trom an NMR
analysis of the composition, taking into account that ouly about 70% of the macromonomer
was converted to copalymer), but is reasonable considering the complexity of the copolymer
system and the analysis of it.
Example 11: Evaluation Of Shear Stability Of Graft Copolymer Compnsitions

Shear stability tests were earvicd ot on several graft copolymer compositions madc in

the previous examples. Sheur stability was esied by placing a diop of the graft eopolyruer
composition en the index fingar and rubbing the compusilion between the thumb and index

finger. A copolymer composilion passed it it could be rubbed until it dried by water

JP 2004-509182 A 2004.3.25



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(102)

WO 024022689 PLT/US0E/28802
evaporation without the formation of coagulum, and failed if it flocculated after a few rubs
and became ropy. All of the copolymer compositions tested were siable colloidally under

static conditions. The results are reported in Table 9 below.

Talle 9: Fimger Rub Test Results for Graft Copolymer Compasitions

Example Stabilized acid Finger Rub Test
34 PMAA-MM Pass
3.5 pMAA-MM Pass
6 rMAA-MM Pasg
37 pMAA-MM Pass
3.8 pMAA-MM Pass
14 MAA Fail
3.10 MAA Fail
1301 MAA Fail
312 MAA il
4.1 MAA-MM Dusy
42 . PMAA-MM Dass
4.3 PMAA-MM I'ass
4.4 pMAA-MM Pass
&1 pMAA-MM Pass

‘The data in 'Fable ¥ shows that graft copolymer compesitions prepared with an acid
containing macromonomer had surprisingly good shear stability in coniparison to graft
copolymer prepared with an acid monomer. It was also discovered that pood shear stabilicy
could he obtained, without the wse of an acid contaming macremonomer, such as by adding &
surfactant such as Triton™ 3403, a nonionic surfactant supplied hy Union Carhide, to the

copolymer composition.
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What is claimed is:

1. A method of making a grafi copolymer comprising,:

(a) forming & macrenonamer aquecus cmulsion comprising one ¢ more water-
insoluble particles of macromonemer, wherein the macromonomer comprises polymerized
nnits of a fitar ethylenically unsaturated monamer, the macromonomer further having

@) a degree of polymerization of from 10 1o 1000,

(i} at least onc terminal ethylenically unsaturated group,

(iii)  less than 5 weight percent polymerized acid-comaining menomer, and

(iv} lecss than onc mole percent of polymerized mercaptan-oletin
compounds;

{b) torming a monomer composition comprising at least one sceond ethylenically
uusatnated monomer, and

{c) combining at least a portion of the macromanomer aqueous coulsion and at
lcast a portion of the monomer compasition to farin a polymerization reaction mixture and
palymerizing the macromonomer with the second ethylenically unsaturated monomer in the
presence of an initiator to produce a copolymcr composition comprising graft copolymer

particles.

2. ‘The method of Claim 1 wherein the step of forming the macromonomier agqueous
cmulsian comprises polymerizing in an aquecus emulsion the at least fGrst ethylenically
unsaturated mongmer in the presence of o transition melul chelate chain ransfer agent and a
{ree rudical initiator to form the macromonomer particles.

3 The method of Claim 2 wherein the first ethylenically unsaturated monomer is
polymerized in the presence of a macromolecular arganic compoeund having a hydrophobic

cavity.

4. The method of Claim 1 wherein the monomer composilivn comprises an agueous

emulsion comprising the at least one second ethylenically unsaturated manamer.

3, The method of Claim 1 wherein the seeond ethylenically unsaturated menomer
diffuses into the macromanomer particles und swells the macromomemer particles.

6. ‘Lhe method of Claim | wherein the macromonomer comprises as polymerized units
less than 1 weight percent of acid containing monomer.
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7. ['he method of Claim 1 whercin the first ethylenically unsatimated monomer is an
o-methyl vinyl monemer, a non «-methyl vinyl monemer terminated with & a-methyl vinyl

monomer, or combinations thercof.

8, The methed of Claim 7 wherein the first ethvlenically unsaturated monomer is methyl
methaerylate, ethy] methacrylate, 2-ethylhexyl methacrylate, isoborny]l methacrylute, butyl
methacrylate, lawryl methacrylate, stearyl methacrylate, styrene terminated by c-methyl
styrene, or combinations thereof.

4. The method of Claim | wherein the second ethylenically unsaiurated monomer is
selected [rom the group comsisting of acrylate esters; methacrylate esters; styrene; substituted
styrencs; olefinically unsaturated nitriles; olefinically unsaturated balides; vinyl esters of
organic acids; N-vinyl compounds; acrylamide; methacrylamide; substiluted acrylumides;
substituted methacrylamides; hydroxyalkylmethacrylates; hydroxyalkylacrylates: vinyl ethers;
dienes and combinations thereofl

10, The method of Claim 9 wherein the second ethylemcally mnsaturated monomer is
sclected from the group consisting of Cy i Cig alkyl acrvlote, styrene, butadiens, and
combinations thereof,

I, The method of Claim 1 wherein the macromonemer and the second ethylenically
unsaturaled monomer are polymerized in the presence of an acid containing monomct, acid

containing macromonomer, ar comhinations thereal.

12, The method of Claim 11 wherein the mactomonomer and the sccond ethylenically
unzaturated menomer are polymerized in the presence of an acid containing, macromonaorner,
the acid containing macromonomer comprising as polymerized units from 50 weight percent
e 100 weight percent of an acid containing monomer, based on the total weight of the acid
containing macromonomer.

13.  The method of Cliim 1 wherein the macromonomer and ethylenically unsaturated
momnomer are polymerized in the presence of a macromolecular arganic compound having a
hydrophobic cavity.

14, The method of Claim | wherein: all the macromonomear aquecus emulsion and all the
monemer ¢ohiposition are combined prior 1 beginning the polymerization.
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15. ‘The inethed of Clain 1 wherein the macromonomer and the second ethylenically
ungaturated monomer arc combined by gradually feeding at least z portion of the mononzer

composition into the macromonomer aquecus emulsion in the presence of the initiator.
16. A graft copolymer produced by the process of elaim 1.

17, A copolymer compasition crmprising water insoluble graft copolymer particles,
wherein the graft copelymer particles comprise:

() from 2 weight pereent w 90 weipht percent of macramonomer, hased an the tatal
weight of the copolymer, wherein the macromonomer is water inscluble and comprises from
10 10 1000 polymerized units of ar least one first cthylenieally unsaturated monomer, 1oss
than 1 mole percent of polymerized mercapto-olefin compounds, and less thun 3 weight
pereent polymerized acid-containing monomer; and

(b) from 10 weight percent to 98 weight percent of palymerized mmits of at least one

second ethylenically unsaturated monomer, based on the total weight of the capolymer.

18.  The copolymer composition ol Claim 17 wherein the mucromonomer comprises as
polymerized units less than 1 weight pereent acid containing monomer, based on the total

weight of the macromonomer.
£

19. The copolymer composition of Claim 18 wherein the copalymer composition further
comprises from 0.2 weight percenl o 19 weighl percem of an acid conlaining
macromonomer, or acid sontaining monomer based on the tetal weight of the copolymer.

20, The copolymer vwmpusition of Claim 19 wherin the grali copolymer comprises a
hackbone and one or more side chains, wherein the side chains arc pendant from the
backbone and comprise the water insoluble macromonomer, and wherein the backbone

comprises |he polymerized units of the second ethylenically unsaturated monomer.

21.  The copolymer composition of Claim 20 wherein the acid containing macromonomer
is attached to the sarface of the copolymer parlicles.
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