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resulting eapplications, and in particular for the prov:.sion of the binder
material in coating applications

It is kncwn for some applications to be advantageous to
employ an aqueous emulsion of a polymer system, containing a low
molecular weight hydrophilic polymer and a hydrophobic-emulsion
polymer, that has been produced by a multistage process and in which
(often) the hydrophilic polymer has been solubilised in the agqueous
medium. Such latices may provide improvements in mechanical,
physical or performance properties in comparison to conventional
emulsion polymers.

- US 4894397, in particular, discloses the production of a
_ latex in which a hydrophilic low-molecular weight polymer emulsion is
formed in a first stage, and this is contacted with at least one
hydrophobic, latex-forming monomer under polymerisation conditions to
form a hydrophobic second-stage polymer, "the pH of the resulting -
emulsion, said to be in the form of an inverse core-shell latex, _
being adjusted so as to dissolve the hydrophilic poljrmer, so .creating
a continuous aqueous phase of the hydrophilic polymer and discrete
stabilized particles of the hydrophobic polymer.

In US 4954558, on the other hand, a resin-fortified
polymer emulsion is formed by emulsion-polymerising a monomer charge
and adding to the polymerisation medium during the polymerisation a

low-molecular weight support resin which is soluble or dispersible in
water or alkali. :

We have now discovered how to prepare aqueous emulsions
of polymer systems comprising a low molecular weight acid-functional
polymer and a hydrophobic polymer which have significant advantages
in comparison to known emulsion polymer systems of this type.

_ . According to the present invention there is provided a
process for the production of an aqueous polymer emulsion which
process comprises:

a) preparing a low molecular weight polymer containing acid-
' functional groups using a free-radical polymerisation
process which employs a free-radical initiator and, for
the pnrpose of controlling molecular weight, a transition
metal chelate complex, particularly a cobalt chelate
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process before the start of and/or during said emulsion
polymerisation process and becomes dissolved or dispersed
in said aqueous medium.

In one embodiment of the invention, the low molecular
weight acid-functional polymer becomes dissolved in the aqueous
medium of the emulsion polymerisation of step b) and such dissolution
in the. aqueous medium may be effected or take place, subject of
course to when it is added to the aqueous medium, prior to the start
of the polymerisation of step b), during the polymerisation of step
b), subsequent to the polymerisation of step b), or over two or more
of these stages. Usually dissolution is effected prior to the start
of polymerisation b) or during the polymerisation of b) or over both
stages. Dissolution of the low molecular weight polymer is often
achieved by neutralization of the acid groups, e.g. by raising the pH
of the agueous medium. 'Dispersion of the low molecular weight

" polymer in the aqueous medium'mey-aléo be facilitated by
neutralization of acid groups of the low molecular weight polymer.

There is also provided an aqueous polymer emulsion which
igs formable by a process as defined supra.

There is further provided the use of an agueous polymer
emulsion as defined supra in coating applications, and in particular
in graphic arts applications such as inks and overprint lacquers.

(The term "low molecular weight polymer" is sometimes
called an oligomer herein for convenience).

By the low molecular weight polymer becoming dispersed in
the agqueous medium of the emulsion polymerisation of step b) is meant

' that the polymer, although not dissolved, becomes dispersed as
' _eparticles sufficiently small to be substantially non- settling in the
'_ medium, and such'a dispersion is particularly a colloidal dispersion .
of the polymer particles (as in a polymer letex or emulsion). "It
will also be appreciated that the low molecular weight polymer could
) be introduced to the aqueous medium so that it is initially dispersed
therein and subsequently caused to become dissolved (e.g. by
neutralization) in the aqueous medium, or vice versa. Sometimes, of
course, the distinction between colloidal dispersions and true
solutions is difficult to distinguish, a situation intermediate these
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contain a gufficient concentration of acid functionality to render - -
the polymer partially or more preferably fully dissolvable in an
aqueous medium, if necessary by neutralisation of acid groups of the
polymer, as would e.§. be achieved by adjustment of the pH of the
aqueous medium. Thus, in the cases where dissolution of the low
‘molecular weight polymer in the aqueous medium of the emulsion
polymerisation of step b) is required, the polymer should be selected
so that it has sufficient acid functionality to render it soluble in
that aqueous medium, such dissolution being effected if necessary by
adjustment of the pH of the medium so as to neutralize the acid-
functional groups thereof.. (If the acid-functional low molecular
weight polymer had only sufficient acid functionality to render it
partially dissolvable in the aqueous medium of the emulsion, it could
exist as a colloidal dispersion or intermediate between a colloidal
dispersion and a true solution or could be partly dispersed and
partly dissolved.) Usually, the medium-in which the low molecular
weight polymer finds itself will be acidic (pH <7) and the acid
groups will be carboxyl 'g'roﬁps so that dissolution will be éffected
by raising the pﬁ of the medium so as to neutralize the acid groupé
by the addition of a base, such as an organic or inorganic base,
examples of which include organic amines such as trialkylamines (e.g.
triethylamine, tributylamine), morpholine and alkanolamines, and '
inorganic bases such as ammonia, NaOH, KOH and LiOH. Of course, the
aqueous medium to which the low molecular weight acid functional -
polymer is introduced may already be alkaline (or sufficiently
alkaline) such that the acid groups (such as carboxyl groups) become
neutralized without the requirement for positively adding a base to

H raise pH, or the acid groups may be or include very strong acid
groups such as s-ulphonic acid groups (pK 1 to 2) so that
‘neutralisation may not be necessary ‘to achieve dissolution.. Further

 still, it is possible for acid monomers to be polymerised in salt
form rather than as the free acid. ) _

] It méy, further, be possible for the -acid-functional low
molecular weight polymer to possess a sufficient concentration of
acid functionality to render it fully dissolvable in an agqueous
medium by neutralization of the acid groups - but in the process of
the invention such neutra;.fi"'zation ‘may not néce’ss‘arily be effected, or
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insoluble throughout the pH range. Thus the emulsion polymer formed
in the emulsion polymerisation process of step b) is insoluble in the
aqueous medium of that polymerisation process regardless of any
adjustments in pH to which the medium could be subjected.

The low molecular weight acid functional polymer formed
in step a) is produced using the technique of free radical
polymerisation, using a free-radical initiator, in which molecular
weight is controlled using a catalytic amount of a transition metal
complex, and in particular a cobalt chelate complex, this technique
being known in the art as catalytic chain transfer (CCT)
polymerisation. _

Such a technique has been described fairly extensively in
the literature within the last decade or so. For example, various
literature references, such as N.S. Enikolopyan et al,-J.Polym.Sci.,
Polym.Chem.Ed., Vol 19, 879 {1981), disclose the use of cobalt II
porphyrin complexes as chain transfer agents in free radical
polymerisation, while US 4526945 discloses the use of dioxime
complexes of cobalt II for such a purpose. Various other
publications, e.g. US 4680354, EP-A-0196783 and EP-A-0199436,
describe the use of certain other types of cobalt II chelates as
chain transfer agents for the production of oligomers of olefinically
unsaturated monomers by free-radical polymerisation. WO-A-87/0360S5
on the other hand claims the use of certain cobalt III chelate
complexes for such a'purpose, as well as the use of certain chelate
complexes of other metals such as iridium and rhenium.

. The metal chelate complexes disclosed in these references
as well as the specific polymerisation techniques disclosed therexn
for effecting catalytic chain transfer polymerisation are
incorporated'herein by reference, and any suitable metal chelate
complex may be employed in the production of the low molecular weight
acid functional polymer used in the present invention. _

. ' Perhaps typical of such metal chelate complexes are those
described in EP-A-199436 which are cobalt II. chelates of vicinal
iminohydroxyimino compounds, dihydroxyimino compounds,
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Other cobalt II chelates that we have found useful are
described in our copéhding GB application 9316525.6, a particularly
useful example of which is 2,12-dimethy1-3,7,11,17-tetraazabicyclo
[11.3.1]heptadeca-1(17),2,11,13,15-pentaene cobalt (II) bromide
monohydrate which may be obtained as described by D.H. Busch and K.M.

-Long in Inorganic Chemistry, 9(3), S1i1i, (1970).

The metal chelate complex allows the efficient production
of oligomers and may be acting as a chain transfer agent, although
its precise mode of action in molecular weight control is uncertain
to us.

The CCT polymerisation process can be carried out in the
presence of a polymerisation medium (acting as a carrier medium for
the components and as a heat transfer medium) or in the absence of
such a medium (i. e. in bulk). When using a polymerlsat1on medium,

~ the polymerisation may be e.g. a solution, suspension or emulsion

'~ polymerisation. - For the purpose of tlie present invention the
polymerisation is preferably effected by aqueous polymerisation
methods, for example by suspension or emulsion polymerisation
{typical emulsifying agents for which are described hereinafter in
relation to the formation of the hydrophobic polymer).

Typical organic solvents which may be used as the medium
for the CCT polymerisation include aromatic hydrocarbons such as
behzene; toluene, and the xylenes; ethers such as diethyl ether,
tetrahydrofuran, alkoxylated ethylene glycol or polyethylene glycol;
alcohols such as methanol, -ethanol, propanol, isopropanocl, butanol
and n-butylglycol, and their esters with carboxylic acids such as
acetic, propionic and butyric acids; ketones such as acetone or
‘methyl ethyl ketones; and liquid tertiary amines such as pyridine.
Mixtures of solvents may be used. The solids content in such
solution polymerisation may range from 0.1 to 99.9 wt% solids. Water
may also be used as a polymerisation medium (and indeed is
preferred), as in suspension or emulsion polymerisations (solids
typically 5-50 wt% preferably 20-40 wt¥%), and for such processes
conventional emulsifying or suspension agents may be employed. A
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active at the polymerisation temperature (usually having a half life
within the range 0.5 to 5 hours), and does not unacceptably affect
the stability of the chain transfer catalyst being used. Thus, the
initiator may be selected from such free-radical-yielding initiators
which may include azo compounds such as 2,2'-
azobis(lsobutyronitrlle), 4,4'-azocbis (4~ cyanovaleric acid), 2,2'-
azobis [2-methyl-N-(1,1- bis(hydroxymethyl)-z (hydroxyethyl)] -
propionamide, and 2,2'-azobis [2-methyl-N- (2-hydroxyethyl)] -
propionamide and peroxy compounds such as lauroyl peroxide, benzoyl
peroxide, and Na, K or ammonium persulphate. Redox initiator systems
can also be used, such as redox pairs like ammonium
persulphate/sodlum metabisulphite.
The CCT polymerisation process may be carried out. using
an "all in-one" batch process in which all components are present at
the start of polymerisation or a semi-batch process in which one or
more of the components employed (usually at least one of the
monomers) is wholly or partially fed to the polymerisation medium
during the polymerisation.
. The chelates used in the process may be prepared
beforehand or may be formed in-situ from the appropriate reactants.
The amount of metal chelate required to achieve a given molecular
weight is very much lower in'comparison to that required with
 conventional chain transfer agents which are needed at much higher
concentration to obtain a comparable molecular weight. For example
the upper level of metal chelate needed may only be ca 0.1 mole ¥
' (based on the total welght of monomer charged) - whereas US 4894397
for example states that >0.3 mole% of ‘conventional chain transfer
agent, based on the total molar weight of the monomer charge, is
required in the production of the low molecular hydrophilic polymer,
with 1 to 3 mole% being preferred. '
The monomer system used for the preparation of the acid
funetional low molecular weight polymer is any suitable olefinically
unsaturated monomer(s) which is amenable to (co)polymerisation using
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an acid group (such as an anhydride, e.g. méthacrylic anhydride'or
tertiary butyl methacrylate), and a non-acid-functional olefinically
unsaturated monomer (§) (i.e. a monomer(s) not having an acid-
functional group). Typically the acid-bearing comonomers are
olefinically unsaturated carboxyl-functional monomers such as mono
carboxyl-functional acrylic monomers and olefinically.unsaturated
dicarboxyl bearing monomers; examples include acrylic acid,
methacrylic acid, itaconic acid, maleic acid and fumaric acid.
Sulphonic acid-bearing monomers could also be used, such as styrene
p-sulphonic acid (or correspondingly styrene p-sulphonyl chloride).

An acid bearing monomer could be polymerised as the free acid or as a
salt, e.g. the NH, or alkali metal salts of ethylmethacrylate-2-
sulphonic acid or 2-acrylamido-2-methylpropane sulphonic acid, or the
corrésponding free acids. Non-acid functional monomer (s) which may
be copolymerized with the acid monomer (s} include alkylmethacrylates
and styrenes, and alkylacrylates can also be used, particularly if
included. as comonomers at low levels; also dienes such as 1,3~
‘butadiene and isoprene, and vinyl esters such as vinyl acetate.
Methacrylates include normal or branched alkyl esters of Cl to Cl2,
especially C1 to C10, alcohols and methacrylic acid, (i.e. C1 to Ci12,
especially C1-10, alkyl methacrylates) such as methyl methacrylate,
ethyl methacrylate, n-butyl methacrylate and lauryl methacrylate.
Acrylates include normal and branched alkyl esters of Cl to Ci2,
especially Cl1 to C10, alcchols and acrylic acid, (i.e.-Cl-Ci2,
especially C1-10, alkyl acrylates) such as methyl acrylate, ethyl
acrylate, n-butyl acrylate and 2-ethylhexyl acrylate. Styrenes
include styrene itself and the various substituted styrenes, such as
methyl styrene, ®-methyl styrene and t-butyl styrene. Olefinically
unsaturated nitriles such as acrylonitrile and methacrylonitrile may
also be polymerised, as well as olefinically unsaturated halides such
as vinyl chloride, vinylidene chloride and vinyl fluoride.

Functional monomers such_as allyl, glycidyl, or hydroxyalkyl (e.g.
hydroxyethyl) methacrylates or acrylates may also be employed as part
of ' the non-acid-functional comonomer component, as well as
ketofunctional monomers such as the acetoacetoxy esters of
hydroxyalkyl acrylates and methacrylates such as acetoacetoxyethyl
methacrylate, and also keto-containing amides such as diacetone
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The non acid functional comonomer(s) in some cases is
usefully selected from at least one of methyl methacrylate, styrene,
n-butyl methacrylate and n-butyl acrylate while the acid wmonomer is
for example methacrylic acid. Useful oligomers of this type are
derived from a monomer system which comprises 10-30 weight %
methacrylic acid, 50-90 weight % methyl methacrylate, 0-30 weight %
of one or both of n-butyl acrylate and n-butyl methacrylate and 0-50,
especially 0-40, weight % styrene. Examples of oligomers good for
inks or overprint lacquer applications may be derived from a monomer
system comprising 15-40 weight % methacrylic acid, 50-85 weight %
methyl methacrylate, 0-30 weight % of one or both of n-butyl
methacrylate and n-butyl acrylate and 0-35 weight % styrene.

It is generally preferable, in order to maximise the
efficiency of the chain transfer polymerisation, that at least one of
the monomers is a monomer having a CH=C(CH,;) - moiety, examples of
which include methacrylic acid, methacrylic acid esters and amides,
and methacrylonitrile, preferably at least 5 weight % of the monomers
used in the polymerisation being such a monomer(s), more preferably
at least 25 weight %, and particularly at least 50 weight %.
Moreover, where the monomer system employed does include such a
monomer, a proportion of the hydrophilic oligomer molecules may have
terminal unsaturation, inherently produced as a result of the CCT
polymerisation process. This proportion may often be >80% of the
oligomer molecules (see e.g. EP-A-0261942B).

The presence of such terminal unsaturation may be
advantageous from the viewpoint of possibly promoting good
compatibility between the low molecular weight polymer and the
subsequently formed hydrophobic polymer - posgsibly by erigendering a -
degree of grafting between the polymers. Suéh a possibilicy for

in the eml ShaRn ation process of step b) is insol( Lr?ué§ g;h]e 1AS BEEN
aqueous medi u Iﬁﬂ ﬁ% ’t:'

uld be subjected. The | ow nol ed s .
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(1, 2-di phenyl - 1, 2- di oxyhnjpgehda1 BEheishy beiyder shéuPRbi&la number
average molecular weight within the range of from 500-50, 000,
preferably 700-20,000 and particularly 1,000-10,000. (Polymer
molecular weights may be determined by gel permeation chromatography
calibrated using an appropriate known polymer as standard.)

Preferably the polydispersity PDi (ratio of weight average to number
average molecular weight) is within the range of from 1.05 to 5.0,
more preferably 1.1 to 2.8. .

The aqueous emulsion polymerisation process employed in
step b) to form the hydrophobic polymer, may, apart from the
incorporation of the acid functional low molecular weight polymer
from step a), be that of a conventional aqueous emulsion
polymerisation process. Such a process is extremely well known and
need not be described in great detail. Suffice it to say that such a
process involves introducing the monomer(s) into an agqueous medium
and conducting polymerisation using a free-radical initiator
(noi'mally water soluble) and (usually) appropriate heating (e.g. 40
to 120°C) and agitation (stirring) being employed. The aqueous
emulsion polymerisation can be effected with conventional emulsifying
agents being used [e.g. anionic and/or non-ionic emulsifiers such as
Na, K and NH, salts of dialkylsulphosuccinates, Na, 'K and NH, salts of
sulphated oils, Na, K and NH, salts of alkyl sulphonic acids, Na, K -
and NH, alkyl sulphates, alkali metal salts of sulphonic acids. Cy.z4
fatty alcohols, ethoxylated fatty acids and/or fatty amides, and Na,

K and NH, salts of fatty acids such as Na stearate and Na oleate; the
amount used is usually 0.2 to 5% by weight based on the weight of
total monomer(s) charged] and can employ conventional free radical
initiators [e.g. hydrogen peroxide, t-butyl-hydroperoxide, cumene _
! hydropérox_idé,f persulpﬁate_s_ such as NH, persulphate, K persulphat_:e' and
Na -peféulphate} redox systems may be used; the amount is generally
0.05 to 3% based on the weight of total monomers charged]. However,
an additional feature of the invention is that it is often possible
to. eliminate or much reduce the requirement for a surfactant to act
as an emulsifier for the polymerilsation of step b)), because the acid
functional low molecular polymer itself can fulfil such a function
(i.e. act as an emulsifying agent). -
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the hydr opho I Cmc?non%r being added, the composition of the monomer feed in
the semi-batch process may be varied during the feed operation as is -
well known in the art. Although not preferred, fully continuous
processes could also be used. :

The monomer system employed for the formation of the
hydrophobic polymer must be such that the resulting polymer is
hydrophobic as described. Similar non acid functional monomers to
those used for making the low molecular weight polymer may be '
employed, and in particular styrenes, such as styrene itself, a-
methylstyrene, o-, m- and p-methylstyrene, o-, m- and p-ethylstyrene,
p-chlorostyrene and p-bromostyrene, esters of acrylic or methacrylic
acid .and alkanols i.e. alkyl acrylates and methacrylates (usually Cl-
12 especially C1-10 alkyl) such as methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, t-butyl methacrylate, 2- .
ethylhexyl methacrylate, and the co'rresponding acrylates, vinyl

~ esters such as vinyl acetate, vinyl halides such as vinyl chloride,
vinylidene halides such as vinylidene chloride, dienes such as 1,3-
butadiene and isoprene, and functional monomers such as hydroxy,
epoxy and allyl functional (meth)acrylates may also be used as part
of the monomer system, such as 2-hydroxyethyl methacrylate, glycidyl
methacrylate, and the corresponding acrylates, as well as keto-
functional monomers such as acetoacetoxy esters of hydroxyalkyl
acrylates and methacrylates such as acetoacetoxyethyl acrylate or
methacrylate, and also keto-éontaining amides such as diacetone
acrylamide, and also amides such as acrylamide and methacrylamide.
As with the monomers used for the preoaration of the low molecular
weight polymer, one of the purposes of using functional monomer in
the monomer system for the hydrophobic polymer is to provide '
subsequent crosslinkability in the resulting polymer system.

Acid functional monomers could also be included as
comonomers (e.g. acrylic or methacrylic acid), although at such a
level’ (depending on their nature) as to not affect the hydrophobic
character of the resulting polymer. Generally speaking, the monomer
system used to make the hydrophobic polymer will usually contain less

than 10 weight % of any acid-functional monomer (s) (no matter of what
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C,.12 especially C,,o-alkyl acrylate (such as ethyl acrylate). The
monomer system may contain only one monomer, i.e. the resulting
hydrophobic polymer then essentially being a homopolymer; styrene
(alone) for example may be used for the provision of the hydrophobic
polymer in this stage of the invention process. The hydrophobic

. polymer can also be a copolymer of course.

The polymerisation to make the hydrophobic polymer could
be carried out using a chain transfer agent, conventional or
otherwise, but is usually effected without the use of such a
material.

The number average molecular weight of the hydrophobic
polymer is usually >50,000, more usually >100,000. The upper limit
does not usually exceed 5,000,000.

The number average molecular weight of the overall or
hybrid polymer system (i.e. inclusive of both the low molecular
weight polymer and the hydroPhob:Lc polymer) is often w:.thin the range
of from 5, 000 to 1,000,000. '

The low molecular weight ac:.d functional polymer is
introduced to the aqueocus medium of the emulsion polymerisation to
make the hydrophobic polymer before.the start of and/or during the
emulsion polymerisation and becomes dissolved or dispersed in the
aquecus medium. Such dissolution or dispersion may be realized in
many different ways, including the following possibilities.

Where the low molecular weight acid functional polymer
has been formed by a solution (in organic solvent) or aqueous
suspension polymerisation proce'ss', it is usually first isolated from
its polymerisation medium to provide solid polymer which may then be
dissolved in an aqueous medium, suitably alkaline if this is
necessary for such dissolution (neutralization of the acid group
taking place), which can then serve as the basis (in part or in
whole) for the aqueocus polymerisation medium for the hydrophobic -
polymer formation. Alternatively the isolated solid could be
dispersed rather than dissolved in water (possibly facilitated by
neutralization) and the aqueous dispersion used as the basis for the
aqueous medium of the hydrophobic polymer formation, with dissolution
optionally (but preferably) being effected dﬁring or subsequent to
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' Alternatively the 1solated polymer, either as a solid per
se, or as a dispersion in water, or as an aqueous solution (alkaline
if necessary)., could be added to the aqueous polymerisation medium
for the hydrophobic polymer during the course of the emulsion
polymerisation (in one or more stages) so that it becomes dissolved
or dispersed in the aqueous medium, with dissolution being preferred
and being effected or taking place during or subsequent to the
polymerisation, the pH of the aqueous polymerisation medium being
.adjusted if necessary (although of course it may not be necessary)
with a base to neutralise the acid groups.

Where the low molecular weight polymer is formed using an
aqueous emulsion polymerisation process, while the acid functional
low molecular weight polymer may be isolated from the water carrier
medium and used as described above, it is more preferable that the
resulting aqueous emu1s1on of the low molecular weight polymer is
used as the basis for providing (in part or in whole) the
polymerisation medium for the subsequent polymerisation to form the
hydrophobic polymer (with optional but preferred dissolution in the
aqueous medium being effected or taking place prior to, during or
subsequent to the hydrophobic polymer polymerisation - usually by
neutralising acid groups of the low molecular polymer). This has the
advantage that the polymerisation to form the hydrophobic polymer can
be carried out in the same reaction vessel used to form the low
molecular weight polymer ("one-pot" system), although different
vessels could be used if desired of course. Also, in such a system,
at least some of the. components used for the emulsion polymerisation _
to form the low molecular weight polymer, e.dg. ‘the emulsifying agent
and/or free radical initiator, could (if remaining in sufficient
qnantity) be carried over for use in the emulsion polymerisation

- process to make the hydrophobic polymer and might even render the
'requirement for further addition of such components unnecessary
(although fresh or further amounts of components, which will not
necessarily be the same for both polymerisations, will in fact
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' In at least some embodiments of the invention,

particularly those in’ which the low molecular weight polymer is .

introduced to the aqueous medium for the hydrophobic polymer before

the start of the polymerisation for the latter's formation, it is
believed that the agqueocus emulsion produced after the formation of
the hydrophobic polymer and before any neutralisation may be in the
form of an "inverted core-shell" latex, in which the hydrophobic
polymer has formed a core domain in the low molecular weight polymer
- with low molecular weight.polymer encapsulating the hydrophobic
polymer particles or forming a shell round them, or carrying the
hydrophobic polymer particles in its swollen matrix, and that upon
neutralisation such to dissolve the low molecular weight polymer, the

aqueous phase containing low molecular weight polymer provides a

continuous phase in which there is a discontinuous phase containing

~ discrete stabilised particles of the hydrophobic polymer. The -
'emulsion ‘polymer system discussed in US 4894397 is, for example,
described in such terms. Alternatzvely, it may (in such embodiments
and also in other embodiments) be more realistic to speak of the low
molecular weight polymer simply in terms of being a seed for the
polymerisation process to form the hydrophobic polymer - irrespective
of the actual structure of the resulting polymer system that is
produced, of which we are not entirely certain. Accordingly, we do
not wish to be bound by any physical structure which might be assumed
or proposed for the resulting agueous latex of the polymer system of
the invention. :
The use of CCT polymerisation to form the low molecular
weight polymer brings a number of significant advantages to the
- aqueous, emulsions of the invention. '

The CCT technique avoids the requirement to use
conventional chain transfer agents which often have disadvantages of
one sort or another. For example, mercaptans (as used e.g. in US
4894397) impart a pronounced odour, while halogenated hydrocarbons
(such as bromoform or carbon tetrachloride) are environmentally
‘suspect. The process of the invention thus allows low odour both in
the oligomer and im the final composite polyﬁer emulsion. x-Methyl
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polymerisation can have a narrower molecular weight distribution than
when a polymerisation process using a conventional chain transfer
agent is employed. This narrow molecular weight distribution
provides a number of advantages in terms of the lower solution
viscosity of an aqueous alkaline solution of the low molecular weight
polymer: e.g. one can have lower solution viscosity for a given
number average molecular weight; one can have higher oligomer number
average molecular weight for a given solution viscosity (and hence
improved performance properties); and one can use certain comonomers
which would otherwise lead to excessive solution viscosities. '

When the low molecular weight polymer is made using an.
aqueocus emulsion polymerisation process,' there are the advantages
that the entire process can be made "one pot™ if desired (as
‘discussed above) and that -the product can be tot:ally free from
organic solvent.

In a further embodiment of the invention, one or both of
the low molecular weight polymer and the hydrophobic polymer possess
functional groups for imparting latent crosslinkability to the
composition (i.e. so that crosslinking takes place e.g. after the
formation of a coating therefrom) . For example, both polymers can
carry coreactive groups, e.g. amino gfoups on one of the polymers and
epoxy groups on the other, or keto or aldehyde carbonyl groups on one
of the polymers and amino groups on the other, so that a

" selfcrosslinking (l1-pack). system could be envisaged. Alternatively,
one or both polymers could carry. functional groups such as hydroxyl
groups and: the compos:.tion subsequently formulated with a
crosslinking agent such as a polyisocyanate, melamine, or glycouril;
or the functional groups on one or both polymers could include keto
or aldehyde carbonyl groups and the subsequently formulated
‘crosslinker could be a polyam1ne or polyhydrazide such as adipic acid
dihydrazide. :

The solids content of the agqueous emulsion of the.
invention is usually within the range of from about 20 to 65 wt¥% on a

a -
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di acet one formulated with other additives or components, such as defoamers,
rheology control agents, thickeners, dispersing and stabilizing"
agents (usually surfactants), wetting agents, fillers, extenders,
fungicides, bactericides, coalescing solvents, wetting solvents,
plastiéisers, anti-freeze agents, waxes and pigments.

The aqueocus emulsions may e.g. be used, appropriately
formulated if necessary, for the provision of f£ilms, polishes,
varnishes, lacquers, paints, inks, sealants and adhesives. However,
certain of them (as discussed supra) are particularly useful and
suitable for providing the basis of water-based ink or overprint
lacquer formulations for the graphic arts market, in which case they
will be formulated with additives such as pigments (such as TiO,, or
carbon black). The polymer system of the aqueous emulsion is found
to be partiéularly suitable as the binder material in such inks and
will provide high performance, particularly in terms of giving a good
balance of properties between press reversibility and wetting during
application, and f£ilm resistance and adhesion in the dried ink.

' The aqueous emulsions of the invention can also be used -
by recovering the polymer system thereof as dry powder, e.g. by spray
drying or coagulation using an electrolyte, and the dry powder used
in various applications, e.g. in agueous cbmpositions after
redispersion or in dry powder-modified cements, where the powder is
mixed with dry cement mixture to form a useful composition which can
be mixed with water when required for use.
_ . The present invention is now further illustrated, but in
no way limited, by reference to the.following.examples.' Unless
' otherwise specified all parts, percentages, and ratios are on a
weight basis. '
In the following examples the following abbreviations are

used:
MMA = methyl methaérylate
MAA methacrylic acid
St styrene
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dioxyiminobutane
CoPY = Co-pydiene = 2,12-dimethyl-3,7,11,17-
tetraazabicyclo[11.3.1]heptadeca-
1?17),2,11,13,15-pentaene cobalt (II) bromide
monohydrate.
CoPhBF= CoII(DDE-BF,) where DDE is
1,2-diphenyl-1,2-dioxyiminoethane
PTFE = polytetrafluoroethylene
GpC gel permeation chromatography.
AIBN = «=,='-gzoisobutyronitrile
tBHPO = tertiary butyl hydroperoxide

PREPARATION OF SOME LOW MOLECULAR WEIGHT POLYMERS

' ' A series of aqueous latices of CCT-prepared low molecular
weight acid-functional polymers, IMP1 to LMPO were prepared as
follows. )

This was based on a MMA (70 wt%)/MAA (30 wt%) oligomer.
The polymerisation apparatus consisted of a 5 litre
baffled 3-necked round bottomed flask fitted with a stirrer,
condenser and dropping funnel {500ml capacity). The polymerisation
temperature was monitorable using a thermocouple and a digital read
out. The reaction was heated using a thermostatically controlled
water bath.

The apparatus was evacuated and flushed with nitrogen
before use.

Procedure )

All wmonomers and water were degassed (deoxygenated) by
passiﬂg a stream of nit:dgen gas through them for at least one hour
before use. | - o '

Degassed de-ionised water (1750ml) was added to the
polymerisation flask, which was heated by a water bath at 75°C.
Sodium lauryl sulphate (15g) was taken and added to the reactor with
stirring. ' '
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Cyanovaleric acid (9.5g) was taken and added to the
reaction flask. :

When the cyanovaleric had completely dissolved (2-3
minutes), the monomer/CoBF mixture was added at a linear rate over 60
‘minutes and was left for a further 60 minutes before cooling to room
temperature. The polymerisation temperature did not exceed 77°C.

GPC analysis was carried out on a sample of the latex,
which gave the following result: Mn 1396, PDi 2.36 (as determined by
GPC calibrated using a polymethyl methacrylate standard).

Neutral i nd v r :

A sample of the latex (250g) was taken which was diluted
with water (65.5ml) and neutralised with 25% aqueous ammonia solution
(17.3ml1) to give a clear solution with-a pH 9.0. The viscosity was
measured using a Brookfield viscométer, spindle no 1, spindle speed
60 rpm at a temperature of 28°C. Under these conditions the measured
value was 8.9cps.

IMP2

This was based on a MMA (85 wt%)/MAA (15 wt%) oligomer.

The apparatus used was identical to that described for
IMP1.

The experimental brocedure followed was as described for
IMP1. _

The components and the amounts used are listed below.

Water 1750

Sodium lauryl sulphate  15g¢

- Cyanovaleric acid ~ 9.5g

Methyl methacrylate 681mlL

Methacrylic acid 11iml

COBF 0.2854g

The monomer/CoBF was added at a linear rate over 120
minutes. The reaction was continued for a further hour before

"étferably '
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described for IMPl1l giving a value of 5.4cps.

1MP3
This was based on a MMA (50 wt%)/MBA (30 wt%)/St (20 wt%)
oligomer. - ' o
The apparatus and procedure were the same as described
for IMPl1 except that the monomer was added over 120 minutes.
The components and the amounts used are given below.

Water . 1750g
Sodium lauryl sunlphate 15g
Cyanovaleric acid 9.5g
Methyl methacrylate 400.6ml1
Methacrylic acid 221.9ml
Styrene ~ 165ml
CoBF 0.2976g
: - The final latex was analyzed by GPC to give Mn 4504 and
PDi 4.14. - . : - o -
eutral i d vi e

A sample of the latex was taken and diluted with water
(113.75ml) and 25% aqueous ammonia solution (20.0ml) in a conical
flask. After mixing, a double surfaced water condenser was attached
to the conical flask and the mixture heated to 80°C for about 30
minutes. The mixture was allowed to cool to room temperature
overnight. The viscosity of the resulting solution was measured in
the same way as described for IMP1 to give a value of 47cps.

LMP4
' This was based on a MMA (60 wt%)/MAA (30 wt%)/St (10 wt¥)
oligomer. o - | S '
' The apparatus and procedure were Qhé same as described
for IMP1 except that the monomer/CoBF soluted was fed linearly over
120 minutes.

The components and the amounts used are given below.

Water - 1750g

Sodium lauryl sulphate. 1Sg _

Cyanovaleric acid 9.5g
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at 80°C for about 30 minutes to give a clear solution. The solution

was allowed to cool overnight to room temperature. The viscosity of

the resulting solution was measured in the same way as described for

IMP1 to give a value of 14.8cps at pH 9.0.

IMPS

ave ul ar wel ght) is within the range of from 1.05 t TH'SOSH!E&JI?HASBEEN
pre¥ ﬂm, d8. The aqueous enul sion pol ymeri sation rocenge’hﬁGEPed '

This was based on a MMA (40 wt%)/MAA (30 wt%) /St (30 wt%)
oligomer. :

The polymerisation apparatus consisted of a 1 litre
baffled flanged flask fitted with a stirrer, condenser and dropping
funnél. The dropping funnel was fitted with a PTFE stirrer. The
apparatus was evacuated and flushed with nitrogen before use. The
apparatus was heated to 75°C using a theérmostatic water bath. The
polymerisation temperature was monltored us1ng a thermocouple and
‘digital readout. :

Brocedure

All monomers and water were degassed by passing a
nitrogen stream through them for at least one hour before use.

An initiator solution of cyanovaleric acid sodium salt

- was prepared in a round bottomed flask under nitrogen by taking
cyanovaleric acid (6.2g), sodium hydroxide ag solution (33.2ml,
lmoldm®) and water (84cm®).

An emulsified monomer feed was prepared by preparing a
solution of methyl methacrylate (85.5ml), methacrylic acid (59.2ml),
styrene (66ml) and CoBF (0.1591g). The resulting solution was
transfe:red by syringe to the dropping funnel. Water (90.8ml) and
sodium lauryl sulphate (2.17g) were added to the flask in which the
monomer solution had been prepared and was then transferred to the
dropping funnel by syringe. The mixture was stirred rapidly to
produce a yellow emulsion, :

To the polymerisation flask was added water (246m1), and
sodium lauryl sulphate (2.17g) with constant stirring. When the
contents of the reaction flask had reached 75°C, an aliquot of
initiator solution (60ml) was taken by syringe and added to the
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Neutrali nd v ity measuremen
A sample of the latex (168.27g) was taken in a conical
flask and diluted with water (72.2ml), and 25% aqueous ammonia
solution (11.96g). After mixing a condenser was attached and the
mixture was heated on a water bath at 80°C for 30 minutes, then left
to cool overnight to room temperature. The solution viécosity was
measured using the method described for IMP1 giving a value of 481cps
at pH 9.0.

IMP6 :
This was based on a MMA (40 wt%)/MAA (30 wt%)/St (30 wt%)
oligomer. . :
The apparatus, procedure and ingredients (including
amounts) were as described in IMP5 except that the emulsifier used
was ammonium dodecyl benzene sulphonate (instead of Na lauryl
sulphate) with 5.25g being used in the monomer feed in the dropping
funnel and 5.25g being added to the polymerisation flask. Also the
amount of cyanovaleric acid sodium salt initiator solution added
initially to the flask was 35.7ml and the rest was added over the
polymerisation at a rate of 0.24ml/min. _

The final latex was analyzed to give a polymer Mn of 5392
and PDi of 2.37.

ralisation and viscosity me emen

_ The procedure followed was the same as described for
IMP5. The measured viscosity of the solution at pH 9.0 was 224cps.

This was based on a MMA (50 wt%)/MAA (30 wt%)/St (20 wt%)
oligomer. . B - ' ' -
The polymerisation apparatus consisted of a 2 litre
baffled flanged flask fitted with a stirrer and condenser. The
apparatus was evacuated and flushed with nitrdgen before use. The
polymerisation temperature was monitorable using a thermocouple and
digital read out. ' The reaction was heated using a thermostatically
controlled water bath.
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QEnated, de lonlsed water (100g) was added via a syringe to the
flask.
The monomer mixture was prepared in a round bottomed
flask. The flask was evacuated and flushed with nitrogen three
times. Styrene (88ml), methacrylic acid (118.3ml) and methyl
methacrylate (213.7ml) were taken by syringe and added to the flask.
Cyanovaleric acid (5.1g) and water (50ml) were added to
the reaction flask. The monomer mixture and aqueous solution of CoPY
were fed using syringeé attached to syringe pumps at a linear rate
over a period of 120 minutes. The temperature in the reaction flask
was maintained at (75:2)°C during the feed time and for a further 3
hours before cooling to ambient temperature.
The molecular weight of the Tesulting latex was
determined by GPC and gave Mn 3053 and PDi 2. 66.
Neutralisation and viscosity measurement
A portion of the latex was diluted with water and
neutralised with 25% aqueous ammonia to give a 20 wt% solution of the
oligomer at pH 9. The ‘viscosity of this solution was measured as
described for IMP1 and found to be l2¢ps.

1MPS8 -

This was based on a MMA (70wt%) / MAA (30wt%) oligomer.

The polymerisation apparatus used was the same as that described for -
IMP 7. |

Brocedure

All monomers and water were degassed (deoxygenated) by
passing a stream of nitrogen through them for at least one hour
before use.

De-oxygenated deionised water (1150m1) and sodium lauryl
sulphate (10.2g) were charged to the reaction flask which was heated
to. 75°C and stirred.. -

A clean dry 2-necked round bottomed flask fitted with a
nitrogen inlet tube and magnetic stirrer bar was evacuated and
flushed with nitrogen three times. '
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reaction flask was maintained at (75 x 2)°C throughout the monomer

addition and for a further 4 hours before the resulting polymer latex

- was allowed to cool.
GPC analysis was carried out on a sample of the latex

which gave Mn 1953 and PDi 2.05.

IMP 9 . '
This was based on a MMA (70 wt%) / MAA (30 wt%) oligomer.
The polymerisation apparatus was the same as that
described for LMP7. ' ‘ :
The experimental procedure followed was as_described for

1MP8.
The components and the amounts are listed below.

Water 450 ml

Sodium lauryl sulphate 4.2g f

Cyanovaleric acid 2.54g

MMA ' 150 ml

MAA 59 ml

CoBF ' 0.0926g

The mixture of monomers and CoBF was added to the
reaction flask at linear rate over a period of 1 hour. The reaction
was continued for a further 4 hours before cooling.

The resulting latex was analysed by GPC giving Mn 2572
and PDi 1.65.

raligation and vi ity measuremen _
A portion of the latex was diluted with water and
,'neutralised with 25% aqueous ammonia to give.a 20 wt% ‘solution at pH
9. The viscosity of this solution was measured as described for IMP 1
and found to be 8cps.

. _ |
o A CCT-prepared low molecular weight acid functional
polymer LMP10 was prepared in an aqueous suspension polymerisation as
follows: :
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and dried. A sample of the polymer beads was analysed by GPC giving

Mn 3846 and PDi 2.87.
Neutralisa and vigcosity m

A portion of the dry beads was added to water and
neutralised with 25% aqueous ammonia to give a 20 wt% solution at pH
9. The viscosity of this solution was measured as described for IMP 1
and found to be 10cps.

PREPARATION OF SOME INVENTION POLYMER LATICES
Example 1

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer aqueous latex
IMP1 prepared as described above.

The polymerisation apparatus consists of a 2 litre
baffled round bottomed flask fitted with a stirrer, a condenser, a
nitrogen inlet tube, a 1 litre dropping funnel and a 100ml dropping
funnel. The polymerisation temperature was monitorable by using a
thermocouple and a digital readout. The reaction flask was heated by
using a 500W heating mantle.
Brocedure

While stirring, the following substances were added to i
the reaction flask at room temperature.

797.51g of IMP1 aqueocus latex (not neutralised)

199.51g of demineralised water

49.17g of a 25% aqueous ammonium solution.

_ This mixture was stirred for about 15 minutes to obtain a
homogeneous solution. To this solution was then added 238.6g of
demineralised. water,.16 5g of Akyposal GP 245V (a 70 w/wk aqueous '
solution of a non-ionic surfactant) and 1.15g of ammonium
persulphate. A monomer feed for a hydrophobic polymer was prepared
by charging .397.7g of styrene to the 1 litre dropping funnel. A
separate initiator feed was prepared by dissolving 2.19g ammonium
persulphate in 70.72g of demineralised water and charging this
solution to the 100ml funnel.
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for another hour before cooling to room temperature.
The resulting latex was sieved over a low mesh screen.
~ The resul.ting latex had a solids content of 35.0% (w/w)
and a residual styrene content of 0.6% (v/v on latex).
Empll._z. N )
An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer aqueous latex
ILMP2 prepared as described above.
The apparatus and procedure were as described in Example
1. The components and amounts used are given below:

errul 5| on ﬁrl s tion and becomes dissol ved or di spersedr[ﬁHtsn‘é“%ﬁun‘éb%ﬁr—'E\l i

LMP2 - 691.456g
Water 243.83g

25% ag. ammonia . 46.582g
Sodium lauryl sulphate (30% aq solution) 28.409%g
Ammonium persulphate 2.365g
Styrene - : . ' 392.747g
Water (in feed) o _ 94.619g

The resulting latex had a SOlldS content of 40% (w/w) and

a residual styrene content of 0%.
a e 3

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymexr aqueous latex
IMP3 prepared as described above.

The apparatus and procedure were as described in Example
1. The components and amounts used are given below:

1MP3 _ 652.028g
Water . 282.715g
25% aqg ammonia ' . 46.554g
Akyporox OP 250V (70%) T . 16.374g
- Ammonium persulphate o o ~1.138g9
Water (in feed) S 106.52¢6g
Styrene 392.515¢g
Ammonium persulphate (3% aq) 71.961g

The resulting latex had a solids content of 40% (w/w) and
a residual styrene content of 0.4% (¥ v/v on latex).
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1.138¢g

~ Water (in feed) 106.526g
Styrene 392.515¢g
Ammonium persulphate (3% aqg) 71.961g

The resulting latex had a solids content of 40% (w/w) and
a residual styrene content of 0.16% (% v/v).
Example S5

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer aqueous latex
LMP6 prepared as described above.

| The polymerisation apparatus consisted of a 2 litre
baffled flanged flask fitted with a steel stirrer, a PTFE stirrer
gland, a condenser, a thermocouple and a dropping funnel. The
dropping funnel was fitted with a glass stirred gland and a PTFE
- stirrer. The apparatus was heated using a thermostatically

controlled water bath. The apparatus was flushed with nitrogen
before use.
Procedure

The oligomer aqueous emulsion IMP6 (222g, not
neutralised) as prepared above was taken, diluted with water (94.2q),
and the pH adjusted to 9.0 with 25% aqueous ammonia sclution. The
viscosity of the resulting solution was measured using a Brookfield
viscometer at 20°C giving a value of 224cps. ' _

The neutralised oligomer solution was taken and added to
the polymerisation flask. The solution was stirred and heated to
85°C.

Water (131.4q), sodium léuryl sulphate'(l.og), styrene
(200g) and ammonium persulphate (1.0g)’were’;§ken in a glass beaker
and stirred until a white emulsion was produced. The emulsion was
added to the dropping funnel and stirred.
. A portion of the emulsified feed (10%) was added to the
polymerisation flask. After 5 minutes the emulsified feed was
resumed. 'The feed was completed over 60 minutes and the '
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Exampie 5.

- A sample of the oligomer aqueous emulsion IMP5 (not
neutralised) was taken and evaporated to dryness on a water bath at
70°C. The solid was ground to a powder using a mortar and pestle and
dried for 60 minutes in a vacuum oven at 80°C. A portion of the
oligomer powder (66.7g) was taken in a conical flask and to this was
added water {(250ml). 25% Aqueocus ammonia solution was added until
the pH was 9. The viscosity of the resulting solution was measured
using a Brookfield viscometer at 23°C, giving a value of 481lcps.

) The oligomer solution was added to the polymerisation

flask and heated with stirring to 85°C.

A styrene polymerisation was then performed as described
for Example 5. :
' o A sample of the emulsion was taken and analyzed by GPC
giving a value of 246492 for Mn and a value of 2.49 for PDi.
Example 7

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer aqueous latex -
LMP7 prepared as described above.

' The polymerisation apparatus consisted of a 1 litre

baffled round bottomed flask fitted with a stirrer, condemser, a
nitrogen inlet tube and pressure equalising dropping funnel. The
dropping funnel was fitted with a stirrer.

The following substances were mixed with stirring:

133.3g of IMP7 aqueous latex (not neutralised)

56,7ml of deionised water

10.4ml of 0.88 aqueous: ammonia solution. | _
After complete dissolution, the solution was adjusted to pH 9.0 by
dropwise addition of 0.88 aqueous ammonia solution. The oligomer
solution so formed was added to the polymerisation flask and heated
to 85°C using a heating mantle. |

Water (60g), styrene (120g), sodium lauryl shlphate
(0.6g) and ammonium persulphate (0.6g) were taken in a glass jar and

-~
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Example 8

Sovmmroavsml

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer aqueous latex
IMP7 prepared as described above.

The apparatus and procedure was as described in Example
7. The components and amounts are given below:

Initially in reaction vessel

133.3g of LMP7 'agueous latex (not neutralised)

56.7ml of deionised water

10.4ml of 0.88 aqueous ammonia solution.

After complete dissolution, the solution was adjusted to pH 9.0 by
dropwise addition of 0.88 aqueous ammonia solution.
' Emulsified feed )

76g of styrene .

4g of glycidyl methacrylate

40g water

0.4g sodium lauryl sulphate

0.4g ammonium persulphate _

An aqueous emulsion polymer system was made according to '
the invention using the low molecular weight polymer aqueous latex
IMP7 prepared as described above.

The apparatﬁs and procedure were as described in Example

" 7. The components and amounts are given below:

Initially in reaction vessel

266.6g of IMP7 aqueous latex (not neutralised)

113.4g of deionised water - N

20.8ml of 0.88 agueous ammonia solution
After complete dissolution, the solution was‘adjusted to pH 9.0 by
dropwise addition of 0.88 aqueous ammonia solution.

Emulsified feed

44ml of styrene

44,7ml of n-butyl acrylate

40.1ml water

-
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The cémponents were mixed together in a high shear mixer at ca.

4000rpm resulting in a homogeneocus dispersion of the pigment. The pH

of the ink was 8.1.

The ink was coated onto corona treated polyester £ilm and

dried in an oven at 80°C for 20 seconds. The ink coating was shown
to be water resistant as it was not removed from the f£ilm by rubbing
with a cotton wool swab soaked in water. Reversibility of the ink
was demonstrated as the dried ink was readily removed from the £ilm
and redispersed in the wet ink when rubbed with a cotton wool swab
soaked in the ink..
Example 10

An aqueous emulsion polymer was made according to the

invention using the low molecular weight polymer aquecus latex LMP8

as described above. : . : .
The polymerisation apparatus consisted of a 5 litre
baffled round bottomed flask fitted with a stirrer, a condenser, 3
pressure equalising dropping funnels and a nitrogen inlet tube. The
reaction flask was heated by a heating mantle. -
The following substances were added to the reaction
flask:
1400g of 1MP8 aqueous latex (not neutralised)
1180g of deionised water

The contents of the reaction flask were heated to 60°C
with a small stream of ni;rogen being passed through them until the

temperature of 60°C was reached. Aqueous solutions of ascorbic acid

(6g in 180 ml deionised water) and tBHPO (6g in 180 ml deionised
water) were prepared. 40 mls of each of the ascorbic acid and tBHPO
solutions were added to the reaction flask. 630g of MMA and

630g of BA were mixed with 6g of Aerosol OT solution (75% wt/wt in
water/ethanol as supplied by Cyanamid) and added to one of the
dropping funnels. This monomer mixture was added to the reaction
flask at a rate of 600ml/hour. The remaining 140mls of both the
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multimodal giving a value of Mn 7462 , Mw 244905 and PDi 32.8.
A dry polymer powaer was recovered by spray drying the
aqueous latex. A portion of the dry polymer powder was readily
redispersed in an aqueous solution at pH 8.5.
Example 11 ' :
An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer agueous latex
IMP 9 prepared as described above.
' The polymerisation apparatus consisted of a 1 litre
baffled round bottomed flask fitted with a stirrer, condenser and a
nitrogen inlet tube. ' : '
While stirring the following substances were added to the
reaction flask at ambient temperature:
229g of LMP9 aqueoﬁs latex (not neutralised)
57g of degassed deionised water
14.1g of 25% aqueous. ammonia solution

The mixture was stirred for 15 minutes to obtain a
homogenous solution. Additional 25% aqueous ammonia solution was
added dropwise until the mixture reached pH9. 68.4g deoxygenated
deionised water, 4.73g of Akyponox OP 250V (71 wt% aqueous solution)
a non ionic surfactant and 1.15g of ammonium persulphate were added -
to the reaction flask. The temperature of the reaction flask was
raised to 85°C.

114g of styrene and a solution of 0.628g of ammonium
persulphate in 20.3g of water were fed to the reaction flask at a
linear rate over a period of 2 hours using separate syringes attached
to syringe pumps. The temperature inside the reaction vessel was
maintained at 85°C for 6 hours after the feeds had finished
before allowing to cool. ' o |

A sample of the aqueous polymer latex produced was taken
and analysed by GPC. The chromatogram was bimodal giving a value of
Mn_5825, Mw 204206 and PDi 35.06. From the high molecular weight peak
in the chromatogram it was estimated that the high molecular weight
hydrophobic polymer had a value of Mn 90000, Mw 310000 and PDi 3.5.
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resulting in a solution of pH9. Further water (approximately 11g) was

added to make the total mass of solution 300g. This solution of IMP
10 was added to the reaction flask together with:

sodium lauryl sulphate 1.5g
Akyponox OP 250V (71 wt% aqueous solution) 4.40g
ammonium persulphate 1.06g -
Water . . 30g

The'temperature of the reaction flask was raised to 85°C.

1léml of styrene and a gsolution of 0.58g of ammonium
persulphate in 20ml of water were fed to the reaction flask at a
linear rate over a period of 2 hours using separate syringes attached
to syringe pumps. The temperature inside the reaction vessel was
maintained at 85°C for .4 hours after the feeds had finished before
allow;ng to cool.

A sample of the aquecus polymer latex produced was taken
and analysed by GPC. The chromatogram was bimodal giving a value of
Mn 36308, Mw 597563 and PDi 16.46.
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W th ot her addltl ves ()ﬁuncnwmnaéngzqupsuuﬂingsa(irbearaﬂi&al polymerisation
process which employs a free-radical initiator and, for -
the purpose of controlling molecular weight, a transition
metal chelate complex, wherein said low molecular weight
polymer has a number average molecular weight within the
range of from 500 to 50,000;

b) conducting an aqueous emulsion polymerisatlon process to
form an aqueous emulsion of a hydrophobic polymer from at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
the aqueous medium of said emulsion polymerisation
process before ‘the start of and/or during said emulsion
polymerisation process and becomes dissolved or dispersed
in said aqueous medium.

2. Process according to claim 1 wherein said transition
metal chelate used in step a) is a cobalt chelate complex. .

3. Process according to either claim 1 or claim 2 wherein
said low molecular weight polymer in step a) is prepared using an
aqueous emulsion or suspension polymerisation process.

4, - Process according to any one of the preceding claims
wherein said low molecular weight polymer is fully dissolvable in an -
aqueous medium. : '

5. Process according to claim 4 wherein said low molecular
weight polymer becomes dissolved in the aqueous medium of the
polymerisation of step b), and wherein dissolution is achieved by
neutralization of the acid-functional groups thereof.

6. Process'aCcording to claim 5 wherein neutralization is
effected by raising the pH of the agueous medium.

7. Process according to any one of claims 4 to 6 wherein
said low molecular weight polymer becomes dissolved in the agqueous
medium of the polymerisation of step b), wherein, subject to when it
is added to the aqueous medium, dissolution is effected or takes
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amti-freeze agents, waxes and pignents. The aqueous emul sions may e.g. be
used, appropriately formulated if necessary, for the provision of filns,
pol i shes, varnishes, |acquers, paints, inks, sealants and adhesi.ves.
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with dry cemsiyvmesieegien tmedfiunmfastereblil conposition which can

10. Process according to claim 9 wherein said dispersion is
facilitated by neutralization of the acid-functional groups of the
low molecular weight polymer.

11. Process according to any one of the preceding claims
wherein the monomer system used for the preparation of the acid-
functional polymer is that to provide a copolymer of at least one
olefinically unsaturated acid-functional comonomer and at least one
olefinically unsaturated non-acid-functional comonomer.

12, - Process according to claim 11 wherein the monomer system
-used comprises 1-60 weight % of acid-functional monomer(s) and 99-40
" weight % of non-acid-functional component(s). ' '

13, Process according to claim 12 wherein the monomer system
~used comprises 5-40 weight % of acid-functional comonomer(s) and 95-
60 weight % of non-acid-functional comonomer(s).

14, Process according to claim 13 wherein the monomer system
used comprises 15-40 weight % of acid-functional comonomer(s) and 85-
60 weight % of non-acid-functional comonomer(s).

15, _ Process according to any of claims 11 to 14 wherein said
acid-functional comonomer (8) comprises a carboxyl-functional

~ comonomer (s) thereby to provide carboxyl-functional groups. in the
resulting low molecular weight polymer. .

6. Process according to claim 15 wherein the acid-functional
- comonomer (8) comprises methacrylic acid.

17. - Process according to any one of claims 11 to 16 wherein

' said acid functional comonomer(s) comprises acrylic acid. ”","I "’I” III" "l,l " ,I
* c L L] s *
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exarrp erwi se specified all jgarts, percentages, and ratios are
on*a weight basis. In the follow ng exarrp es the fol | ow ng abbreviations
are used: MMA = nethyl nethacrylate MAA = nethacrylic acid St = styrene
16, BVA = n-butyl nethacrylate BA = n-butyl acrylate M = nunber
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19. Process according to any one of claims 11 to 18 wherein

said acid-functional comonomer(s) comprises a sulphonic acid bearing
monomer, thereby to provide ‘sulphonic acid functional groups in the

resulting low molecular weight polymer.

20. Process according to any one of claims 11 to 19 wherein
the non-acid-functional comonomer (s) comprises at least one monomer
gselected from alkyl methacrylates, alkyl acrylates, styrenes, dienes
and vinyl esters. :

21, Process according to claim 20 wherein said alkyl
methacrylates are Cl to C10 alkyl methacrylates, said alkyl acrylates
are Cl to C10 alkyl acrylates and said styrenes are styrene itself,
z-methyl styrene and t-butyl styrené.

22, Process according to any one of claims 11 to 21 wherein
said non-acid-functional comonomer (s8) comprises an olefinically
unsaturated nitrile(s), or an olefinically unsaturated halide(s).

23. Process according to any one of claims 11 to 22 wherein
part of said non-acid-functional comonomers comprises a functional
monomer (s) . '

24. Process according to claim 23 wherein said functional
monomer (s) provides subsequent crosslinkability in the resulting
prolymer system. -

25, ' Process according to either claim 23 or claim 24 wherein
said functional monomer (s) is selected from alkyl, glycidyl, and
hydroxyalkyl methacrylates and acrylates, ketofunctional monomers,
and non-ketofunctional amide monomers. :

26. o  Ptoceés according to claim 25 wherein said ketofunctioﬁal
monomers are acetoacetoxy esters of hydroxyalkyl acrylates -and
methacrylates, preferably acetoacetoxyethyl methacrylate, keto-
containing amides, preferably diacetone acrylamide, and said non-
ketofunctional amide monomers are acrylamide and methacrylamide.

27. Process according to any one of claims 11 to 26 wherein
said copolymer is derived from a monomer system which comprises 10-30

* c L M S *




ate. CoPhBF- Col | (DDE-BF[3rr]) where DDE iS

- di‘oxyi m noet hane PTFE = pol ytetrafl uoroet hyl ene GPC = gel
per rreat I on chromat ography. AIBN = [err]-azoisobutyronitrile tBHPO =
tertiary butyl hydroperoxi de PREPARATI ON OF SOVE LOW MOLECULAR VEI GHT
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Cﬁ]P ne.= 2,12-dimethyl-3,7,11, 17- THlSSHE l
¥heet BQQA 49 3 1] heptadeca- 1(17),2, 11,13, 15- pent aerk_cobSEFLLLEP 6

was based on a /%
appar at us c@ﬁﬂ’é?% BPdaD‘é | Yeiabtphaf 8 -nﬁecked round bottorred f1 ask
fitted with a stirrer, condenser and droppi ng funnel (500m capagity). The -

pol ymeri sat izan terrper atwcesuvaeﬁ:daeamgmabé@ Bhd F alANey EQCé&lleewﬁ?éi%iﬁ
g:)g![ f, g: I ;Sa a?. c?cqﬁméze %.%t ﬁgﬁv Sfpo%age&n%ﬁép%y@tgﬂerﬂyaﬁtg mpri‘seél 15-40
- ) .-we:.ght % of methacrylic acid, 50-85 weight % ‘of met.hyl methacrylate,
0-30 weight ¥ of one or both of n-butyl methacrylate and n-butyl -
acrylate, and 0-35 weight % of styrene.

29. Process according to any one of the preceding claims
wherein at least 50 weight % of the monomer system used in the
polymerigation in stage a) is a monomer(s) having a CH,=C(CH,) -
moiety.

30. Process according to any one of the preceding claims
wherein said low molecular weight polymer has a number average
molecular weight within the range 1000 to 10,000.

31.  Process according to any one of the preceding claims
wherein the monomer(s) used in the preparation of the hydrophobic -
polymer compi'ises at least one monomer selected from styrenes, alkyl
acrylates, alkyl methacrylates, vinyl esters, vinyl halides,
vinylidene halides, and dienes.

32. Process according to claim 31 wherein the styrenes are
styrene itself, «-methyl styrene, o-, m- and p- styrene, o-, m- and
p-ethylstyrene, p-chlorostyrene and p-bromostyrene; the alkyl
acrylates and methacrylates are those having C1-10 alkyl; the wvinyl
halide is vinyl chloride; the vinylidene halide is vinylidene
chloride; the vinyl ester is vinyl acetate; and the dienes are 1,3-
butadiene or isoprene. ' :

33. Process according to any one of the preceding claims
wherein part of the monomer system used in the preparation of the
hydrophobic polymer comprises a funétional monomer(s) .

C 34, . Process. according to’ cla:.m 33 wherein said functional
monomer (8) provides subsequent crosslinkability in the resulting
polymer system.

35. Procegs according to either claim 33 or claim 34 wherein
said functional monomer(s) is selected from alkyl, glycidyl, and

[T -




elvmlae:dacuat ed and flushed with nitrogen befo eT"lH§¢§HEFEer‘é°e‘dBEe“J
ter were degassed (deoxygenated) by pas#ing aPSPkAERR of
n| t r

gh them for at |east o8 hour before use. Degassed.
de-ioni sed vvat er 1750m ) was added to the polynerisation flask, which was
heated by a water bath at 75[err] C. Sodium | auryl sul phate (15g) was taken
and added to the reactor with stirring. 17 A clean dry 2-necked round
bot t omed f | agharbipdingl Whdthaorynitas | snd gbaratesbhetobatdchal monBeEs, i C

stirrer bar g{&dnggqge@gg%ﬁ&q?gﬂsgggd?%h oM@s evacuated and flushed with

nitrogen three tines was taken and added to the flask,
whi ch was then re-evacuated and flushed with nitrogen three tinmes. Using
cl ean dry gl38ss syri ngBsoagsscacdending&n ¢lajmhdfl whareintsaddnkesiofunctriogeh,

met hyl net hasnpheds atdbdddthbacettsynedteas ot hodosiyalkyP 246ry1ueds ahaken and

added t0 thedihasKaGRBL & d¥eRerddi§ gé_é%'c::acetoxyethyl methacrylate, keto-
containing amides, preferably diacetone acrylamide, and said non-
ketofunctional amide monomers are acrylamide and methacrylamide.

37. Process according to any one of the preceding claims
wvherein the concentration of acid functional monomer units in the
hydrophobic polymer is less than the concentration of acid functional
monomer units in the low molecular weight acid functional monomer.

38. Process according to any one of claims 1 to 36 wherein
the monomer system used in the preparation of the hydrophobic polymer
contains less than 10 weight % of any acid-functional monomer.

39. Process according to claim 38 wherein the monomer system
contains less than 5 weight % of any acid-functional comonomer.

40. Process according to claim 39 wherein the monomer system
contains no acid-functional comonomer. -

41. ; Process according to any one of the preceding claims
wherein the hydrophobic polymer is made from a monomer system
comprising at least one of styrene, C1-10 alkyl acrylate, and Ci-10
alkyl methacrylate.

42, Process according to claim 41 wherein the hydrophobic -
polymer is a styrene homopolymer. '

43. Process according to any one of the preceding claims
wherein the hydrophobic polymer has a number average molecular weight
of at least S0,000.

44, . Process according to claim 43 wherein the hydrophobic
polymer has a number average molecular weight of at least 100,000.

45, Process according to any one of the preceding claims _
wherein in said process, the low molecular weight polymer in the form
of a solid isoclated from its preparative polymerisation medium, is
dissolved or dispersed in an aqueous medium which is then used as the
\hasis_ﬁQLMqueous medium of the polymer:.sation of step b).
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V\ntrﬂ‘hmstShéetH&g,e QBF/ nononer mixture was stirred for abo tTHBS SMERTItHAS BEEN

al | o ®8sol ve and was then transferred by syrijge t REMACED
dropp JMEE” anoval eric acid (9.59) sgas taken and added—to tte
reacti n the cyanoval eric had conpl etely dissolved (2-3

m nutes), the nonomer/ CoBF m xture was added at a linear rate over 60
m nutes .and was left for a further 60 m nutes before cooling to room

tenperat ure. 4ghe pol ymphsald qecé of Y1a888 L Lo’ 44 Sl C Fc
TN e et het i b AT
pol ynet hyl nmm—'@iyrateegbt avdamey isl\léillmﬂl witthi ma;’lndovassmospi-wmeaaur enent

t
(65:5M ) anch g o0 ML 2% QIR ATRILS 50 fhh S IHEAE) (o give
( ) sdHRitibA %9%‘15%%494183 %EQEE é?tﬁ%“%‘%@h@ £5F % AFugRYs, geglun

a clear solutlon VI SCOSI was ‘mea
Br ookfi el d v?téecgﬁgf‘&‘?ns?gi'%% $P1P) spi ndl e speed 60 rpmat a tenperature
of 28C. Under these conditions the measured val.ue was 8.9cps. LMP2 This was

based on a MY (85 wt YpkMbes( 4bcoidthgOtd @RPRIne dP&1ARRA aldise USEL-YES in

i denti Cal t OgdibrdEay,| B LuBbus emulsion of the low molecular weight polymer
resulting from polymerisation in step a) is used as the basis for the
aqueous medium of the polymerisation of step b).

48. - Process according to claim 47 wherein the polymerisation
processes in steps a) and b) are carried out in the same
polymerisation vessel.

49. ' Process according to either claim 47 or claim 48 wherein
the low molecular weight polymer is deployed to act as an emulsifying
agent in the polymerisation of step b).

50. - Aqueous polymer emulsion which is formable by a process
according to any one of the preceding claims.

51. Aqueous polymer emulsion which is formable by a process
which comprises- '

a) preparing a low molecular weight polymer containing acid-
functional groups using a free-radical polymerisation
process which employs a free-radical initiator and, for
the purpose of controlling molecular weight, a transition -
metal chelate complex, wherein said low molecular weight
polymer has a number average molecular weight within the
range of from 500 to 50,000; .

. b) ' conducting an aqueous emulsion polymerisation process to
form an aqueous "emulsion of a hydrophobic polymer from at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
‘the aqueous medium of said emulsion polymerisation
process before the start of and/or during said emulsion
polymerisation process. and becomes dissolved or dispersed
in said aqueous medium.-

52. Composition comprising an aqueous polymer emulsion
according to either claim 50 or claim
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LMPL. Hhaeshexpsys g;mgpﬁ[, dprocedure fol l owed was as described fipTHIS/BHEETHAS BEEN ||
conpone I eunts used are |isted bel ow. Water i - REPLACED
17509 S§ﬂlIIE{|“H‘ lj | phat e 159 Cyanoyaleric acid :

met hacr Met hacrylic acid 111m CoBF _
0.2854g The nononer/CoBF was added at a linear rate over 120 minutes. The
reaction was continued for a further hour before 18 cooling to room .

t enper at ur e.gzThe maxi mygy t$ %F’& %F?w%g‘h%#% R4y |§£ was
he I and PDi
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was dil ut ed lmsl_eﬁ ekt @r overprint lacquer formulatlons.

54, ' Use of an aqueous polymer emulsion in the provision of
water—bas_ed ink or overprint lacquer formulations wherein said
agqueous polymer emulsion 1s-mede by a process whic_h comprises:.

a) preparing a low molecular weight polymer containing acid-
functional groups using a free-radical polymerisation
process which employs a free-radical initiator and, for
the purpose of controlling molecular weight, a transition
metal chelate complex, wherein said low molecular weight
polymer has a number average molecular we:.ght within the
range of from 500 to 50,000;

b) conducting an aqueous emulsion polymerisation process to
form an aqueous emulsion of a hydrophobic polymer from at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
the aqueous medium of said emulsion polymerisation
process before the start of and/or Guring said emulsion
polymerisation process and becomes dissolved or dispersed
in said aqueous medium.

and wherein further said low molecular polymer is derived from a

_ monomer system which comprises 15- 40 weight % acid- funct:.onal
comonomer (s) and 85-60 weight % of non- -acid-functional comonomer(s)

55. 'Use according to claim 54 wherein the acid-functional
comonomer comprises methacrylic acid.

56. Use according to claim 55 wherein said monomer system
comprises 15-40 weight % of methacrylic acid, 50-85 weight % of
methyl methacrylate 0-30 weight % of one or both of n-butyl
methacrylate and n-butyl acrylate, and 0-35'weig'ht ¥ of styrene.

57. Use of an aqueous polymer emulsion made by a process
according to any one of claims 1-'to 49 in the provision of films,

polishes, varnishes, lacquers, paints, sealants and adhesives.

58, A polymer in powder form which has been recovered from an
aqueous polymer emulsion according to either claim 50 or claim 51.

59. An aqueous polymer composition comprising an aqueou's

dispersion of a powder form polymer according to I l“l", " "" "|" "l'l " lll




(94.3m ) angy;agliel 5iO8keh Replikba®. O Wi th 25% aqueous anmmmni a s .I'U-HIS(m-LIE(EQ.f?A’Q Q;Egg\ﬂl

The vi scosit i ng solution was neasured as ‘de§cri beREPixot:MPL
gi ving & .val Hu “Bml' MP3 This was bgged on a MVA (50 =30 -
w29/ St (20 """ The apparatus and procedure were the sane as

described for LMP1 except that the nononmer was added over 120 m nutes. The
conponents and the anobunts used are given bel ow. Wter

17509 Sodi u auryl su tee . angval eri c_aci, . 9.5g Methyl
met hacryl at erEd 400. E%aﬁ?h%%wr]a% i%é/%'bf’a ymex accorf%i?d:rﬂ c&pip éﬁeag a -
165n CoBF ¢cement additive. 0.2976g The final latex was anal yzed by
GPC to give Mh 4904 and PDi 4.14. Neutralisation and viscosity mnmeasurenent
A sanple of the latex was taken and diluted with water (113.75m ) and 25%
aqueous ammoni a solution (20.0mM) in a conical flask. After mxing, a
doubl e surfaced water condenser was attached
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to the conical flask and the mxture heated to 80[err]C for a6l S f7HASBEtN
mnutes. The nmixture was al l owed to cool to room tenperat ur € it ACED

The vi stosity of the resulting solution was neasured in the same way as
described for LMP1 to give a value of 47cps. LMP4 This was based on a MVA

(60 W% /MAA (30 wt)/St (10 N 8P "RiLYMER EMAITONSt us and procedure
were the sane as described f%@%ﬁd except that the nononer/ CoBF sol uted

vvas fed linearly over 120 m nutes. The# ents and the anounts used are
gi ven bel ow. Water ik dium  auryl sul phate 159
Cyanoval eric acid . 9.5¢ 19 Methyl nethacryl ate 480. 8m

Met hacrylic acid Procaad .foul the predection of an aqueous poi&&n&in&mﬂ@ﬁ%ﬁl

0. 2.8709 which process comprises:
- a) . preparing a low molecular. weight polymer containing acid-

o funct:.onal 'groups using a free- radical polymer:.sation
process which employs a free-radical initiator and, for..
the purpose of controlling molecular weight, a transition
metal chelate complex, wherein said low molecular weight
polymer has a number average molecular weight within the
range of f£rom 500 to 50,000;

b) - conducting an aqueous emulsion polymerisation process to
form an aqueous emulsion of a hydrophcbic polymer from at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
the aqueous medium of said emulsion polymerisat:.on
process before -the start of and/or during said emulsion
polymerisation process and becomes dissolved or dispersed
in said aqueous medium.
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Proce
appllcatlons, and in particular for the provision of the binder

material in coating applications.

It is knonn for some applications to be advantageous to
employ an aqueous emulsion of a polymer system, containing a low
molecular weight hydrophilic polymer and a hydrophobic emulsion
polymer, that has been prodnced by a multistage process and in which
(often) the hydrophilic polymer has been solubilised in the aqueous
medium. Such latices may provide improvements in mechanical
physical or performance properties in comparison to conventicnal
emulsion polymers. :

US 4894397, in particular, ‘discloses the production of a

- latex in which a hydrophilic low-molecular weight polymer emulsion is

formed in a first stage, and this is contacted with at least one

hydrophobic, latex-forming monomer under polymerisatzon conditions to

form a hydrophobic second-stage polymer;'the pH of the resulting -

emulsion, said to be in the form of an inverse core-shell latex,

being adjusted so as to dissolve the hydrophilic polymer, so creating

a continuous agqueous phase of the hydrophilic polymer and discrete
 stabilized particles of the hydrophobic polymer.

In US 4954558, on the other hand, a resin-fortified
polymer emulsion is formed by emulsion-polymerising a monomer charge
and adding to the polymerisation medium during the polymerisation a
low-molecular weight support resin which is soluble or dispersible in
water or alkali. : ' '

We have now discovered how to prepare agqueous emulsions
of polymer systems comprising a low molecular weight acid-functional
polymer and a hydrophobic polymer which have significant advantages
in comparison to known emulsion polymer systems of this type.

According to the present invention there is provided a
process for the production of an aqueous polymer emulsion which
process comprises:

a) preparing a low molecular weight polymer containing acid-
' ' functional groups using a free-radical polymerlsatzon
process which employs:- a free-radical initiator and, for
the purpose of controlling molecular weight, a transition
metal chelate complex, particularly a ccbalt chelate

-
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Al'l *rononers and water were degassed by passing a nitrogen sl REEDACEVOBINSHEET
them for at |east one hour before use. An initiator solutionyjof

cyanovaleric acid sodiumsalt was prepared in a round bott ongaatd aQ}QQBEeIQQﬁ
nitTogen by taking cyanovaleric acid (6.2g), sodium hydroxi soi-ttion

; e B

(33.2m, Inmoldnferr]) and water (84cnierr]). An enulsified nononer feed was
prepared by preparing a solution of nmethyl nethacrylate (85.5nm), -
met hacrylic acid (59. genplexst wiasredn($6id lowmblegBFax Heifitd Polymke hassal ting
. sol ution was transferpfbdly ab¥FddedRoléruiae wWigpRi WOtHiuNERe .ravdbess (2Qmsml )

and sodi um | auryl 5“'%5'@“:% (53;&07@) were added to the flask in which the
mononer solution had been prepared and was then transferred to the dropping
funnel by Bringe. ThEOMUEEERE Hadaueous SHUISISRIPY ISP BLAT: PAOSEHY GR
enul sion. To the pol yfeyt aat powedusa sRulfionaefl e hydrenhob2d aed lymegnfiram@dtum
| auryl sul phate.(2. 17g¢astd cheColuriadtaBly LhéafhraVBe mdnbef RihREESn afhet he

reaction flask had reaghedi1Zo0f &F WbEan@BbodlhdtYe Qfed Ryt i 8t Q8L QB
(60m) was taken by Sg{x!en eeggg @eﬁ% cgé) sgfg‘g emul%?on polymerisation

process before the start of and/or during said emulsion

polymerisation process and becomes dissolved or dispersed

in said éQueous medium.

In one embodiment of the invention, the low molecular
weight acid-functional polymer becomes dissolved in the aqueous
medium of the emulsion polymerisation of step b) and sﬁch dissolution
in the agueous medium may be effected or take place, subject of
course to when it is added to the aqueocus medium, prior to the start
of the polymerisation of step b), during the polymerisation of step
b), subsequent to the polymerisation of step b), or over two or more
of these stages. Usually dissolution is effected prior to the start
of polymerisation b) or during the polymerisation of b) or over both
stages. Dissolution of the low molecular weight polymer is often
achieved by neutralization of the acid groups, e.g. by raising the pH
of the agqueous medium. .Dispersion of the low molecular weight
polymer in the agqueous medium may also be facilitated by
neutralization of acid groups of the low molecular weight polymer.

There is also provided an agueous polymer emulsion which
is formable by a process as defined supra. '

There is further provided the use of an aqueous polymer
emulsion as defined supra in coating applications, and in particular
in graphic arts applications such as ink3 and overprint lacquers.

(The term "low molecular weight polymer” is sometimes
called an oligomer herein for convenience). '

By the low molecular weight polymer becoming dispersed in
the aqueous medium of the emulsion polymerisation of step b) is meant

. that the polymer, although not dissolved, becomes dispersed as
particles sufficiently smali to be substantially non-settling in the
medium, and such a dispersion is particularly a colloidal dispersion
of the polymer particles (as in a polymer latex or emulsion). It
will also be appreciated that the low molecular weight polymer could

) be introduced to the agueous medium so that it is initially dispersed
therein and subsequently caused to become dissolved (e.g. by
neutralization) in the agqueous medium, or vice wversa. Sometimes,.of
course, the distinction between colloidal dispersions and true
solutions is difficult to distinguish, a situation intermediate these
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pol yneri sation flask. The emul sified nononer feed addition WﬁSREhﬂ&CEMENT SHEET
commenced. The rest of the initiator solution was fed using Syri r&ggt@urrp
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nmononer/ CoBF was fed at a constant rate over 120 m nutes. The

pol.ynmeri sation tenperature did not exceed 75[err]C. A sanple of the final-
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as descri beeentpipvPsusiicpent iFancenrtrasion <1 peid fypgtionality to render
the polymer partially or more preferably fully dissolvable in an
aqueous medium, if necessary by neutralisation of acid groups of the
polymer, as would e.§. be achieved by adjustment of the pH of the
agueous medium. Thus, in the cases where dissolution of the low

;molecular weight polymer .in the agqueous medium of the emulsion

polymerisation of step b). is required, thé polymer should be selected
so that it has sufficient acid functionality to render it soluble in
that aqueous medium, such dissolution being effected if necessary by
adjustment of the pH of the medium so as to neutralize the acid-
functional groups thereof.. (If the acid-functional low molecular
weight polymer had only sufficient acid functionality to render it
partially dissolvable in the aqueous medium of the emulsion, it could
exist as a colloidal dispersion or intermediate between a colloidal
dispersion and a true solution or could be partly dispersed and
partly dissolved.) Usually, the medium -in which the low molecular
weight polymer f£inds itself will be acidic (pH <7) and the acid
groups will be carboxyl groups so that dissolution will be effected
by raising the pH of the medium so as to neutralize the acid groups
by the addition of a base, such as an organic or inorganic base,
examples of which include organic amines such as trialkylamines (e.g.
triethylamine, tributylamine), morpholine and alkanolamines, and '

' inorganic bases such as ammonia, NaOH, KOH and LiOH. Of course, the

aqueous medium to which the low molecular weight acid functional -
polymer is introduced may already be alkaline (or sufficiently
alkaline) such that the acid groups (such as carboxyl groups) become
neutralized without the requirement for positively adding a base to
_raise pH, or the acid groups may be or include very strong acid
groups such as sulphonic acid groups {(pK 1 to 2) so that
neutralisation may not be necessary to achieve dissolution. Further
still, it is possible for acid monomers to be polYmerised in salt
form rather than as the free acid. .

b It may, further, be possible for the -acid-functional low
molecular weight polymer to possess a sufficient concentration of
acid functionality to render it fully dissolvable in an aqueous
medium by neutralization of the acid groups - but in the process of
the invention such neutralization may not necessarily be effected, or
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reaction was rnpst a bat h.
1nsolubllity is malntalned throughout the pH range. The hydrophobic

nature of the polymer is achieved by virtue of the polymer containing
a sufficient concentration of at least one hydrophobic monomer (i.e.
in polymerised form) to render the polymer hydrophobic and Qater-
insoluble throughout ‘the pH range. Thus the emulsion polymer formed
in the emulsion polymerisation process of step b) is insoluble in the
aqueous medium of that polymerisation process regardless of any
adjustments in pH to which the medium could be subjected. _ _

The low molecular weight acid functional polymer formed
in step a) is produced using the technique of free radical
polymerisation, using a free-radical initiator, in which molecular
weight is controlled using a catalytic amount of a transition metal
complex, and in particular a cobalt chelate complex, this technique
being known in the art as catalytic chain transfer (CCT)
polymerisation.

Such a technique has been described fairly extensively in
the literature within the last decade or so. For example, various
literature references, such as N.S. Enikolopyan et al, J.Polym.Sci.,

- Polym.Chem.Ed., Vol 19, 879 (1981), disclose the use of cobalt II
porphyrin complexes as chain transfer agents in free radical
polymerisation, while US 4526945 discloses the use of dioxime
complexes of cobalt II for such a purpose. Various other
publications, e.g. US 4680354, EP-A-0196783 and EP-A-0199436,
describe the use of certain other types of cobalt II chelates as
chain transfer agents for the production of oligomers of olefinically
unsaturated monomers by free-radical polymerisation. WO-A-87/03605
on the other hand claims the use of certain cobalt ITI chelate
complexes for such a purpose, as well as the use of certain chelate
complexes of other metals such as iridium and rhenium.

The metal chelate complexes disclosed in these references
as well as the specific polymerisation techniques disclosed therein
for effecting catalytic chain transfer polymerisation are
incorporated herein by reference, and any suitable metal chelate
compiex may be employed in the production of the low molecular weight
-acid functional polymer used in the present invention.

Perhaps typical of such metal chelate complexes are those
described in EP-A-199436 which are cobalt II chelates of vicinal
iminohydroxyimino compounds, dihydroxyimino compounds,

-
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EP-A-199436.

Other cobalt II chelates that we have found useful are
described in our copéhding GB application 9316525.6, a particularly
useful example of which is 2,12-dimethyl-3,7,11,17-tetraazabicyclo
[11.3.1]heptadeca-1(17),2ﬁ11,13,15-pentaene cobalt (II) bromide
monohydrate which may be obtained as described by D.H. Busch and K.M.

'Long in Inorganic Chemistry, 9(3), 511, (1970).

The metal chelate complex allows the efficient production
of oiigomers and may be acting as a chain transfer agent, although
its precise mode of action in molecular weight control is uncertain
to us.

The CCT polymerisation process can be carried out in the
presence of a polymerisation medium (acting as a carrier medium for
the components and as a heat transfer medium) or in the absence of
such a medium (i.e. in bulk). When using a polymerisation medium,

the polymerisation may be e.g. a solution, suspension or emulsion
polymerisation. For the purpose of the present invention the
polymerisation is preferably effected by aqueous polymerisation
methods, for example by suspension or emulsion polymerisation
(typical emulsifying agents for which are described hereinafter in
relation to the formation of the hydrophoblc polymer) .

Typical organic solvents which may be used as the medium
for the ccT polymerisation include aromatic hydrocarbons such as
benzene, toluene, and the xylenes; ethers such as diethyl ether,
tetrahydrofuran, alkoxylated ethylene glycol or polyethylene glycol;
alcohols such as methanol, ethanol, propanol, isopropanol, butanol
and n-butylglycol, and their esters with carboxylic acids such as
acetic,'proyionic and butyric acids; ketones such as acetone or
methyl ethyl ketones; and liquid tertiary amines such as pyridine.
Mixtures of solvents may be used. The solids content in such
solution polymerisation may range from 0.1 to 99.9 wt% solids. Water

- may alsoc be used as a polymerisation medium (and indeed is
preferred), as in suspension or emulsion polymerisations (solids
typicalli 5-50 wt¥ preferably 20-40 wt%), and for such processes
conventional emulsifying or suspension agents may be employed. A
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resulting |atex was determ ned by GPC and gave M 3053 and o1 MU e

Neutralisation and viscosity measurenent A portion of the |atex was diluted
wWth water and neutralised with 25% agqueous ammoni‘a to give a 20 wt %
solution of the oligonmer at pH 9. The viscosity of this solution was '
measur ed ascueimatipadof meterrnd adwitamaisoille opgaRic sMP@OTREL meas abssed
on a MVA ( Fewu8dd /asMdMpd1yaet £9atdibhoeedum. The pol yneri sati on apparatus used
was the same as that geserpbat £80-iMprlse Qe 20U Ahl aa%qeﬁﬁmwlnmter
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and sodi ummodeeydarsweighit @ol¥er2g) were charged to the reaction flask which
was heated to 75[ err] fhamtTspolyimedisst ionhe aaral ugual e peetormedndt bot t oned
flask fittedmiiidideNiti%eEhd Yatlbe! 500208 SRR ICTeShidd Y, REMcyRS
evacuat ed %2%°C). Any suitable free radical yielding initiator may be used
in the CCT polymerisation process, the usual criteria being that it
has acceptable solubility in one or more of the other polymerisation
components (e.g. solvent, monomers, or water) and is sufficiently
active at the polymerisation temperature (usually having a half life
within the range 0.5 to S_hours), and does not unacceptably affect
the stability of the chain transfer catalyst being used. Thus, the
initiator may be selected from such free-radical-yielding initiators
which may include 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- (hydroxyethyl)] -
propionamide, and 2,2'-azobis[2-methyl-N- (2-hydroxyethyl)]-
propionamide and peroxy compounds such as laurcyl peroxide, benzoyl
peroxide, and Na, K or ammonium persulphate. Redox initiator systems
can also be used, such as redox pairs like ammonium
persulphate/sodium metabisulphite.
The CCT polymerisation process may be carried out using
an "all-in-one" batch process in which all components are present at
the start of polymerisation or a semi-batch process in which one or
more of the components employed (usually at least one of the
monomers) is wholly or partially fed to the polymerisation medium
during the polymerisation.
The chelates used in the process may be prepared
beforehand or may be formed in-situ from the appropriate reactants.
The amount of metal chelate required to achieve a given molecular
weight is very much lower in comparison to that required with
conventional chain transfer agents which are needed at much higher
concentration to obtain a comparable molecular weight. For example
the upper level of metal chelate needed may only be ca 0.1 mole %
{based on the total weight of monomer charged) - whereas US 4894397
for example states that >0.3 mole%¥ of conventional chain transfer
agent, based on the total molar weight of the monomer charge, is
required in the production of the low molecular hydrophilic polymer,
with 1 to 3 mole%¥ being preferred. '
The monomer system used for the preparation of the acid
functional low molecular weight polymer is any suitable olefinically
unsaturated monomer(s) which is amenable to fco)polymerisation using

-
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CoBF with stirring. Cyanovaleric acid (6.4g) was added to the Teactron
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The polyrrerl satlon a%para us wa t hat
render the resulting polymer full y or partially soluble in aqueous

media as discussed supra), such a comonomer (s) 1nc1ud1ng a.
comonomer(s) bearing an acid-forming group which readily yields such
an acid group (such as an anhydride, e.g. méthacrylic anhydride or
tertiary butyl methacrylate), and a non-acid-functional olefinically
unsaturated monomer(g) (i.e. a monomer(s) not having an acid-
functional group). Typically the acid-bearing comonomers are
olefinically unsaturated carboxyl-functional monomers such as mono
carboxyl-functional acrylic monomers and,olefinically.unsaturated
dicarboxyl bearing monomers; examples include acrylic acid,
methacrylic acid, itaconic acid, maleic acid and fumaric acid.
Sulphonic acid-bearing monomers could also be used, such as styrene
p-sulphonic acid (or correspondingly styrene p-sulphonyl chloride).
An acid bearing monomer could be polymerised as the free acid or as a
salt, e.g. the NH, or alkali metal salts of ethylmethacrylate-2-
sulphonic acid or 2-acrylamido-2-methylpropane sulphonic acid, or the
corrésponding free acids. Non-acid functional monomer(s) which may
be copolymerized with the acid monomer (s) include alkylmethacrylates
and styrenes, and alkylacrylates can also be used, particularly if
included as comonomers at low levels; also dienes such as 1,3-
butadiene and isoprene, and vinyl esters such as wvinyl acetate.
Methacrylates include normal or branched alkyl esters of Cl1 to Cl2,
especially Cl to C10, alcohols and methacrylic acid, (i.e. C1 to C12,
especially C1-10, alkyl methacrylates) such as methyl methacrylate,
ethyl methacrylate, n-butyl methacrylate .and lauryl methacrylate.
Acrylates include normal and branched alkyl esters of Cl1 to C12,
especially Cl to Cl0, alcohols and acrylic acid, (i.e.- C1-Ci12,
especially C1-10, alkyl acrylates) such as methyl acrylate, ethyl
acrylate, n-butyl acrylate and 2-ethylhexyl acrylate. Styrenes
include styfene itself and the various substituted étyrenes, such as
methyl styrene, &-methyl styrene and t-butyl styrene. Olefinically :
unsaturated nitriles such as acrylonitrile and methacrylonitrile may
also be polymerised, as well as olefinically unsaturated halides such
as vinyl chloride, vinylidene chloride and vinyl fluoride.
Functional monomers such as allyl, glycidyl, or hydroxyalkyl (e.g.
hydroxyethyl) methacrylates or acrylates may also be employed as part
of ' the non-acid-functional comonomer component, as well as
ketofunctional monomers such as the acetoacetoxy esters of
hydroxyalkyl acrylates and methacrylates such as acetoacetoxyethyl
methacrylate, and also keto-containing amides such as diacetone

-
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m xture of nmononmers and CbBF was added”to the reaction flask at linear rate
over a period of 1 hour. The reaction was continued for a further 4 hours
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suspenst on 5¥)a¥Q§rééﬁghbﬂgréﬁ, preferably 3-50 weight % and more preferably 5-
40 weight %, and correspondingly 99-40 weight % of non acid
functional comonomer(s), preferably 97-50 weight %, and more
preferably 95-60 weight %. '

A particularly useful monomer system is that based on 15-
40 weight % acid-functional comonomer (s) . (particularly methacrylic
acid) and 85-60 weight % of non-acid-functional comonomer(s), as this
results in a polymer emulsion which is especially suitable for
providing the binder material in water-based ink and overprint
lacquer formulations for the graphic arts market.

The non acid functional comonomer(s) in some cases is
usefully selected from at least one of methyl methacrylate, styrene,
n-butyl methacrylate and n-butyl acrylate while the acid monomer is
for example methacrylic acid. Useful ocligomers of this type are
derived from a monomer system which comprises 10-30 weight %
methacrylic acid, 50-%0 weight % methyl methacrylate, 0-30 weight ¥
of one or both of n-butyl acrylate and n-butyl methacrylate and 0-50,
especially 0-40, weight % styrene. -Examples of oligomers good for
inks or overprint lacquer applications may be derived from a monomer
system comprising 15-40 weight % methacrylic acid, 50-85 weight %
methyl methacrylate, 0-30 weight % of one or both of n-butyl
methacrylate and n-butyl acrylate and 0-35 weight % styrene.

It is generally preferable, in order to maximise the
efficiency of the chain transfer polymerisation, that at least one of
the monomers is a wmonomer having a CH=C(éHQ-nmiety, examples of i
which include methacrylic acid, methacrylic acid esters and amides,
and methacrylonitrile, preferably at least 5 weight % of the monomers
used in the polymerisation being such a monomer(s), more preferably
at least 25 weight %, and particularly at least 50 weight %.
Moreover, where the monomer system employed does include such a
monomer, a proportion of the hydrophilic oligomer molecules may have
terminal unsaturation, inherently produced as a result of the CCT
polymerisation process. This proportion may often be >80% of the
oligomer molecules (see e.g. EP-A-0261942B).

The presence of such terminal unsaturation may be
advantageous from the viewpoint of possibly promoting good
compatibility between the low molecular weight polymer and the
‘subsequently formed hydrophobic polymer - possibly by engendering a -
degree of grafting between the polymers. Such a possibility for
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of such special monomer (s) in the synthesis of the low molecular
' weight polymer to promote grafting is not of course precluded.

The low molecular weight polymer should have a number
average molecular weight within the range of from 500-50, 000,
preferably 700-20,000 and particularly 1,000-10,000. (Polymer
molecular weights may be determined by gel permeation chromatography
calibrated using an appropriate known polymer as standard.)

Preferably the polydispersity PDi (ratio.of weight average to number
average molecular weight) is within the range of from 1.05 to 5.0,
more preferably 1.1 to 2.8. )

The aqueous emulsion polymerisation process employed in
step b) to form the hydrophcobic polymer, may, apart from the
incorporation of the acid functional low molecular weight polymer
from step a), be that of a conventional agqueous emulsion
polymerisation process. Such a process is extremely well known and
need not be described in great detail. Suffice it to say that such a
process involves introducing the monomer{s) into an agqueocus medium
and conducting polymerisation using a free-radical initiator
(normally water soluble) and (usually) appropriate heating (e.g. 40
to 120°C) and agitation (stirring) being employed. The agueous
emulsion polymerisation can be effected with conventional emulsifying
agents being used [e.g. anionic and/or non-ionic emulsifiers such as _
Na, K and NH, salts of dialkylsulphosuccinates, Na, K and NH, salts of
sulphated oils, Na, K and NH, salts of afkyl sulphonic acids, Na, K -
and NH, alkyl sulphates, alkali metal salts of sulphonic acids. Cyj..¢
fatty alcohols, ethoxylated fatty acids and/or fatty amides, and Na,

K and NH, salts of fatty acids such as Na stearate and Na oleate; the
amount used is usually 0.2 to 5% by weiéht based on the weight of
total monomer(s) charged] and can employ conventional free radical
initiators [e.g. hydrogen peroxide, t-butyl-hydroperoxide, cumene B
hydroperoxide, persulphates such as NH; persulphate, K persulphate and
Na persulphate; redox systems may be used; the amount is generally
0.05 to 3% based on the weight of total monomers charged]. However,
an additional feature of the invention is that it is often possible
to.eliminate or much reduce the requirement for a surfactant to act
as an emulsifier for the polymerisation of step b), because the acid

functional low molecular polymer itself can fulfil such a function
(i.e. act as an emulsifying agent).
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monomer (s} can be fed neat or as emulsions in water. When more than
one monomer is being added, the composition of the monomer feed in
the semi-batch process may be varied during the feed operation as is
well known in the art. Although not preferred, fully continucus
processes could also be used. ' :

The monomer system employed for the formation of the
hydrophobic polymer must be such that the resulting polymer is
hydrophobic as described. Similar non acid functional monomers to
those used for making the low molecular weight polymer may be
‘employed, and in particular styrenes, such as styrene itself, «-
methylstyrene, o-, m- and p-methylstyrene, o-, m- and p-ethylstyrene,
p-chlorostyrene and p-bromostyrene, esters of acrylic or methacrylic
acid and alkanols i.e. alkyl acrylates and methacrylates (usually Cl-
12'especia11y C1-10 alkyl) such as methyl methacrylate, ethyl
methacrylate, n-butyl methacrylate, t-butyl methacrylate, 2- .
ethylhexyl methacrylate, and the corresponding acrylates, vinyl
esters such as vinyl acetate, wvinyl halides such as vinyl chloride,

- vinylidene halides such .as vinylidene chloride, dienes such as 1,3-
butadiene and isoprene, and functional monomers such as hydroxy,
epoxy and allyl functicnal (meth)acrylates may also be used as part
of the monomer system, such as 2- hydroxyethyl methacrylate, glycidyl
methacrylate, and the corresponding acrylates, as well as keto-
functional monomers such as acetoacetoxy esters of hydroxyalkyl
acrylates and methacrylates such as acetoacetoxyethyl acrylate or
methacrylate, and also keto-containing amides such as diacetone
acrylamide, and alsoc amides such as -acrylamide and methacrylamide.
As with the monomers used for the preparation of the low molecular
weight poiymer, one of the purposes of using functional monomer in
the monomer system for the hydrophobic polymer is to provide
subsequent crosslinkability in the resulting pdlymer gystem.

Acid functional monomers could also be included as
comonomers (e.g. acrylic or wmethacrylic acid), although at such a
level (depending on their nature) as to not affect the hydrophobic
character of the resulting polymer. Generally speaking, the monomer
system used to make the hydrophobic polymer will usually contain less
than 10 weight % of any acid-functional monomer (s) (no matter of what

J
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zSeparate initiator feed was prepared by dissolving 2 199 a niu i
"pérsul phate in 70.72g of demneralised water and charging thb@tasgb;.gtogﬁ IQH it
t he 100m funnel. 24 The reaction flask was flushed wi t h=stroger—amd=—!
swhile stirring the tenperature was raised to 85-90[err] C. Throughout the
poI ymerisation process these conditions were naintai ned. Wien the reactjon
tenperature had -been reached, the nononer feed and the initiator feed were
started si nt¥Relnedtd |BreferablynAes®thrncyl Wrdshy 8d AREOLR 9EME QReESFTeVer 2
hours; the embddiménts meed avmalll scdnedallyt epédicingetb¢ croncestratibauss. After
conpl etion aéld)%hcéf&ﬁ&,méme&ea%sorowé l2pks 193S lhe@ﬁe B@adﬁec?ﬁraﬂnner
termperat ure, [y 30OHIELCNOUL, ELOT G, COOLINAT, L0 LOM LM AI NS,
resul ting | At ex S ve % lf AESH Sereen. BYY1°R8L1 at ex had

a sol ids coReRamerornis dn, the \kPWa‘FRile&“F%% ivgiistit ScjrefinctdanahPodimer 6% (v/ v
on latex). Exanple 2 /meabyriwphobivipelpnerndkyiresosgstasaswasefuidy aador di ng

to the invepiddR WShdMkr! BfstemVulDbE Cohasidtdi SPt1aat VIR RANEAEREl, 3k X
especially C,.,,-alkyl methacrylate (such as methyl methacrylate), and
C,-12 especially C;;,-alkyl acrylate (such as ethyl acrylate). The
monomer system may contain 6n1y one monomer, i.e. the resulting
hydrophobic polymer then essentially being a homopolymer; styrene
(alone) for example may be used for the provision of the hydrophobic
polymer in this stage of the invention process. The hydrophobic
polymer can also be a coﬁolymer of course.

The polymerisation to make the hydrophobic polymer could
be carried out using a chain transfer agent, conventional or
otherwise, but is usually effected without the use of such a
material.

The number average molecular weight of the hydrophobic
polymer is usually 50,000, more usually >100,000. The upper limit
does not usually exceed 5,000,000,

The number average mblecular weight of the overall or
hybrid polymer system (i.e. inclusive of both the low molecular
weight polymer and the hydrophobic polymer) is often within the range
of from 5,000 to 1,000,000.. '

The low molecular weight acid functional polymer is
introduced to the agqueous medium of the emulsion polymerisation to
make the hydrophobic polymer before the start of and/or during the
emulsion polymerisation and becomes dissolved or dispersed in the
aquecus medium. Such dissolution or dispérsion may be realized in
many different ways, including the following possibilities.

Where the low molecular weight acid functional polymer
has been formed by a solution (in organic solvent) or aqueous
suspension polymerlsatlon process, it is usually first isolated from
its polymerisation medium to provide solid polymer which'may then be
dissolved in an aqueous medium, suitably alkaline if this is
necessary for such dissolution (neutralization of the acid group
taking place), which can then serve as the basis (in pért or in
whole) for the aqueous polymerisation medium for the hydrophobic
polymer formation. Alternatively the isolated solid could be
dispersed rather than dissolved in water (possibly facilitated by
neutralization) and the aqueous dispersion used as the basis for the
aquecus medium of the hydrophobic polymer formation, with dissolution
optionally (but preferably) being effected dﬁring or subsequent to
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+LMP2 .prepared as descri bed above. The apparatus and procedufe were i
. déscribed in Exanple 1. The conponents and anpunts used ar @ay@na)gmmga ,1

LMP2 : 691. 4569 Wat er - !
.243. 839 25% aq ammoni a : 12 _ 46.582g Sodi um | auryl
sul phate (30% aqg sol ution) 28. 409g Ammoni um per sul phat e .
2.365g Styrene 392.747g Water (in feed)
94. 6199 Thehe grilyineripdtabfRxtddra @ hidraphdbentpdilmdd Yagain) and a
resi dual SENEENeaE o helrdiina EXAIMleCrebeda AR OUS witBH Sk plufial yITEr
system WascmatdgL accgr |t'r\1/gg£o .t he tcr]%%ns'l on ﬂSI A he 'r?é"’ ngl ecul ar %m ght
pol ymer aqfedUE S 8Pe%E P ERaP s TO% FO PR TA BE SR PRAYISH SPEEGs and
procedur e ftvermasivele sipaly ine giklfsdewith PREeR oiWbdRE eaildnbe Alkanine used
are given belmweskdRB to effect neutralization, or the polymer coulido@2Bgiy\at er
282. 71590 28 &by BE MM ralized before the dilution with wé@erdO4d £ikygor ox OP
250V (70% provide an agueous solutiofl or dézlgpersion of the low molecular weight
polymer, again using the aqueous solution or dispersion for providing
the basis of the polymerisation medium for the subsequent emulsion
polymerisation; in this case the organic solvent could optionally be
removed before or after the subsequent polymerisation. :
Alternatively the isolated polymer, either as a solid per
se, or as a.dispersion in water, or as an agueous solution (alkaline
if necessary), could be added to the aqueous polymerisation medium
for the hydrophobic polymer during the course of the emulsion
polymerisation (in one or more stages) so that it becomes dissolved
or dispersed in the aqueous medium, with dissolution being preferred
and being effected or taking place during or subsequent to the
polymerisation, the pH of the aqueous pélymerisation medium being
adjusted if necessary (although of course it may not be necessary)
with a base to neutralise the acid groups.
Where the low molecular weight polymer is formed using an
aqueous emulsion polymerisation process, while the acid functional
low molecular weight polymer may be isolated from the water carrier
medium and used as described above, it is more preferable that the
resulting aqueous emulsion of the low molecular weight polymer is
used as the basis for providing (in part or in whole) the
polymerisation medium for the subsequent polymerisation to form the
hydrophobic polymer {with optional but preferred dissolution in the
aqueous medium being effected or taking pféce prior to, during or
subsequent to the hydrophobic polymer polymerisation - usually by
neutralising acid groups of the low molecular polymer). This has the
advantage that the polymerisation to form the hydrophobic polymer can
be carried out in the same reaction vessel used to form the low
molecular weight polymer ("one-pot* system), although different
vessels could be used if desired of course. Also, in such a system, ..
at least some of the components used for the emulsion polymerisation
to form the low molecular weight polymer, e.g. the emulsifying agent
and/or free radical initiator, could (if remaining in sufficient
qdantity) be carried over for use in the emulsion polymerisation
‘process to make the hydrophobic polymer and might even render the
'requirement for further addition of such components unnecessary
(although fresh or further amounts of components, which will not
'necessafily be the same for both polymerisatibns, will in fact

I
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'106. 5269 Styrene 392. 515 NMORI

per sul phate (3% aq) 71.961g The resulting | MT 1995
solids content of 40% (ww and a re$ddual styrene content of 0.4% (% v/v
on | at ex). 25 Exanple 4 An aqueous enul sion pol ynmer system was made

according to the invention using the | ow nol ecul ar wei ght pol yner aqueous
| at ex LMP4 npragklivetle aseqidsed] bedlabp\aa. méhcicmedaakdves thel Jowomelktndawer e as

descri bed '#é:.g?f@%'lﬁnér 1tBe1€ UHROBE NMep18Ped A UBE Sasaraa &hd’]?s'lfgﬁé"’i gehP4
658. 5379 Mehe nol 276. 15g 25% aqg anmoni a
46. 5549 Akyporox 55% ﬁ 9}3 . 16.373g Anmoni um

per sul phat e ‘ Alternatively, thqﬂ;ggggqu%mgFquq]oﬁegks ow molecular

106. 526g weight polymer could be added to the aqueous medium for the

hydrophobic polymer during the hydrophobic polymer polymerisation,
with optional but preferred dissolution in the medium being effected
or taking place, if necessary by neutralisation of acid groups,
during or subsequent to the polymerisation.

In at least some embodiments of the invention,
particularly those in’which the low molecular weight polymer is
introduced to the aqueous medium for the hydrophobic polymer before
the start of the polymer;satlon for the latter's formation, it is
believed that the agqueous emulsion produced after the formation of
the hydrophobic polymer and before any neutralisation may be in the
form of an "inverted core-shell" latex, in which the hydrophobic
polymer has formed a core domdain in the low molecular weight polymer
- with low molecular weight.polymer encapsulating the hydrophobic
polymer particles or forming a shell round them, or carrying the
hydrophobic polymer particles in its swollen matrix, and that upon
neutralisation such to dissolve the low molecular weight polymer, the
aqueous phase containing low molecular weight polymer provides a
continuous phase in which there is a discontinuous phase containing
discrete stabilised particles of the hydrophobic polymer. The
emulsion polymer system discussed in US 4894387 is, for example,
described in such terms. Alternatively, it may (in such embodiments
and also in other embodiments) be more realistic to Speak of the low
molecular weight polymer simply in terms of being a seed for the
polymerisation process to form the hydrophobic polymer - irrespective
of the actual structure of the resulting bolymer system that is
produced, of which we are not entirely certain. Accordingly, we do
not wish to be bound by any physical structure which might be assumed
or proposed for the resulting aqueous latex of the polymer system of
the invention.

The use of CCT polymerisation to form the low molecular
weight polymer brings a number of significant advantages to the
aqueous emulsions of the invention.

The CCT technique avoids the regquirement to use
conventional chain transfer agents which often have disadvantages of
one sort or another. For example, mercaptans (as used e.g. in US
4894397) impart a pronounced odour, while halogenated hydrocarbohs
(such as bromoform or carbon tetrachloride) are environmentally
suspect. The process of the invention thus allows low odour both in
the oligomer and in the final composite polyﬁer emulsion.  &-Methyl
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aq) 71.961g The resulting latex had a solidg contehg 00T 4986
(W' w) and a residual styrene content of 0.16% (% v/v). Exa e 5An- JOQUenus:

-emul si on polyner systemwas nade accorging to the invention using the [ow
nol ecul ar wei ght pol ymer aqueous | atex LMP6 prepared as described above.
The polynerisation apparatus consisted of a 2 litre baffled flanged flask
fitted w thseysirecasdither ctriown PHEM Stransier ghemd,, ancdmdenber haad, is
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of the res“h&%'}ﬂe 28k t100 ‘V%/ E%?:Skﬁ.&‘x “%e%gu co%f:beixfi avl:§t9%i§%§.8r at
20[err] C givi a val ue of 4 e neutralsed 0 tion was
t aken and af¥ a@\gert Om comparison to conventional chain transfer agents for

achieving comparable molecular weight reduction. This allows a much
purer product tc be made.

.The low molecular weight polymer formed by the ccT

" polymerisation can have a narrower molecular weight distribution than
when a polymerisation process using a conventional chain transfer
_agent is employed. Thiéknarrow molecular weight distribution
provides a number of advantages in terms of the lower solution
viscosity of an aqueous alkaline solution of the low molecular weight
polymer: e.g. one can have lower solution viscosity for a given
number average molecular weight; one can have higher oligomer number
average molecular weight for a given soclution wviscosity {and hence
improved performance properties); and one can use certain comonomers
which would otherwise lead to excessive solution viscosities.

When the low molecular weight polymer is wmade using an
aqueous emulsion polymerisation process, there are the advantages
that the entire process can be made "one pot" if desired (as
discussed above) and that the product can be totally free from
organic solvent.

In a further embodiment of the invention, one or both of
the low molecular weight polymer and the hydrophobic polymer possess
functional groups for imparting latent crosslinkability to the
composition (i.e. so that crosslinking takes Place e.g. after the
formation of a coating therefrom). For example, both polymers can
carry coreactive groups, e.g. amino groups on one of the polymers and
epoxy groups on the other, or keto or aldehyde carbonyl groups on one
of the polymers and amino groups on the other, so that a

' selfcroéslinking (1-pack) system could be envisaged. Alternatively,
one or both polymers could carry functional groups such as hydroxyl _.
groups and the composition subsequently formulated with a
crosslinking agent such as a polyisocyanate, melamine, or glycoﬁril;
or the functional groups on one or both polymers could include keto
or aldehyde carbonyl groups and the subsequently formulated

crosslinker could be a polyamlne or polyhydrazide such as adipic acid
dihydrazide.

The solids content of the'aqueous emulsion of the
invention is usually within the range of from about 20 to 65 wt% on a
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Water (131.4g), sodiumlauryl sul phate (1.0g), styrene (ZOZQ%EHandU@ng)‘QI
per sul phate (1.0g) were taken in a glass beaker and stirreg rte

serul si on was produced. The enul sion was added to the dropping T.unnel and
stirred. A portion of the enulsified feldd (109 was added to the

pol ynmerisation flask. After 5 mnutes the enulsified feed was resuned. The
feed was conpl eted over 60 m nutes and the ymerisation heated for
a further XP53ki YRS Patis . cRoFeiuSHalAE I0hER %Hng SRLA8% FTERPer@lure. A
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preferably such that the weight % of the low molecular weight
polymer, based on the weight of the low molecular weight polymer plus
the hydrophobic polymer in the polymer emulsion, is within the range
of from 1 to 60 weight %, more preferably 3 to 40 weight %.

The agqueous emulsions of the invention may be used in
various applications ‘and for such purposes may be combined or
formulated with other additives or components, such as defoamers,
rheology control agents, “thickeners, dispersing and stabilizing-
agents (usually surfactants), wetting agents, fillers, extenders,
fungicides, bactericides, coalescing solvents, wetting solvents,
plastiéisers, anti-freeze agents, waxes and pigments. :

: The aqueous emulsions may e.g. be used, appropriately
formulated if necessary, for the provision of films, polishes,
varnishes, lacquers, paints, inks, sealants and adhesives. However,
certain of them (as discussed supra) are particularly useful and
suitable for providing the basis of water-based ink or overprint
lacquer formulations for the graphic arts market, in which case they
will be formulated with additives such as pigments (such as TiO;, or
carbon black). The polymer system of the aqueous emulsion is found
to be particularly suitable as the binder material in such inks and
will'provide high performance, particularly in terms of giving a good
balance of properties between press reversibility and wetting during
application, and film resistance and adhesion in the dried ink. )

‘The aqueous emulsions of the invention can also be usged -
by recovering the polymer system thereof as dry powder, e.g. by spray
drying or coagulation using an electrolyte, and the dry powder used
in various applications, e.g. in aqueous compositions after
redispersion or in dry powder-modified cements, where the powder is
mixed with dry cement mixture to form a useful composition which can
be mixed with water when required for use.

The present invention is now further illustrated, but in
no way limited, by reference to the following examples. Unless
otherwise specified all parts, percentages, and ratios are on a
weight basis.

In the following examples the following abbreviations are
used: .

MMA = methyl methacrylate
MAA = methacrylic acid
St = styrene
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‘on a water bath at 70[err]C. The solid was ground to a powder using a
nortar and pestle and dried for 60 m ndes in a vacuum oven at 80[err]C. A
portion of the oligonmer powder (66.7g) was taken in a conical flask and.to

this was added water M5Q-@)n-@§%i%%%%8?§fa@@mi a solution was added unti |
e

the pH was 9. The visCOsity © resu ng sol uti on was neasured using a
Brookfi el d vi sconet erBfat 23@-bYEVE RFH18E% ue of 481cps. The ol i goner
sol uti on was added t ot he polupberi aeeriage fdlesklandehgbted with stirring to

85[err]C. A styrene pQipiiTeLigalHospayas tiheratRer &0 Mmsn Asdescin bad cher

Exanpl e 5. A sanple of the | si.o ed by GPC giving a
val ue of 246492 for M and SJQ\} %eg%eﬁggs @&T%%}l%@@%gnpl e 7 An aqueous

t

4
enul si on pEYIRRYRLETEE AGifas 4rddeazRRIS 4T MPTaLeRtS AFLE®M i on using the | ow
nmol ecul ar wei ght pol yfeBFaeReaddd DHIR BF,1\Mexs BPIB dé 3s3descri bed above.
The pol ynerisation appar at usgieeRsnsictthtghea 1 litre -

CoPY = Co-pydiene = 2,12-dimethyl-3,7,11,17-
tetraazabicyclo{il.3.1]jheptadeca-
1(17),2,11,13,15-pentaene cobalt (II) bromide
monohydrate. .

COPhBF= CoII (DDE-BF,) where DDE is
1,2-diphenyl-1, 2-dioxyimincethane

PTFE = polytetrafluoroethylene

GPC = gel permeation chromatography.

AIBN = =, ~-azoisobutyronitrile
tBHPO = tertiary butyl hydreperoxide

PREPARATION OF SOME LOW MOLECULAR WEIGHT POLYMERS .

' A series of aqueocus latices of CCT-prepared low molecular
weight acid-functional polymers, IMP1 to IMPO were prepared as
follows. :

IMP1

This was based on a MMA (70 wt%)/MAA (30 wt%) oligomer.

The polynerisation apparatus consisted of a 5 litre
baffled 3-necked round bottomed flask fitted with a stirrer, _
condenser and dropping funnel (500ml capagity). The polymerisation
temperature was monitorable uéing a thermocouple and a digital read
out. The reaction was heated using a thermostatically controlled
wéter bath. _

' The apparatus was evacuated and flushed with nitrogen
before use.
Brocedure |
. All monomers and water were degassed (deoxygenated) by
-passing a stream of nitrogen gas through them for at least one hour

before use.
. Degassed de-ionised water (1750ml) was added to the
polymerisation flask, which was heated by a water bath at 75°C.

Sodium lauryl sulphate (15g) was taken and added to the reactor with
stirring. '
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fitted with a stirrer. The foll ow ng ? bst ances were m xed Cstifring: -
133.3g of LMP7 aqueous latex (not neutralised) 56.7m of dei on| sed water
10.4m of 0.88 aqueous amnmoni a solution. After conplete dissolution, the
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acid (222ml) were taken and added to the flask containing the CoBF
with stirring. The CoBF/monomer mixture was stirred for about 30
minutes to allow the COBF to dissolve and was then transferred by
syringe to the droppihg funnel.

_ Cyanovaleric acid (9.5g) was taken and added to the
reaction flask. _ . :

When the cyanovaleric had completely dissolved (2-3
minutes), the monomer/CoBF mixture was added at a linear rate over 60
‘minutes and was left for a further 60 minutes before cooling to room
temperature. The polymerisation temperature did not exceed 77°C.

GPC analysis was carried out on a sample of the latex,
which gave the following result: Mn 1396, PDi 2.36 (as determined by
GPC calibrated using a polymethyl methacrylate standard).

Neutralis n .viscosity measuremen _

A sample of the latex (250g) was taken which was diluted
with water (65.5ml) and neutralised with 25% aqueous ammonia solution
(17.3ml) to give a clear solution with a pH 9.0. The viscosity was
measured using a Brookfield viscometer, spindle no 1, spindle speed
60 rpm at a temperature of 28°C. Under these conditions the measured
value was 8.9cps.

IMP2
' This was based on a MMA (85 wt%)/MAA (15 wt%) oligomer.
The apparatus used was identical to that described for
IMPl1.
' The experimental procedure followed was as described for
LMP1.
- The components and the amounts used are listed below.
Water 1750g
Sodium lauryl sulphate 15g
Cyanovaleric acid 9.5g
Methyl methacrylate 681ml
Methacrylic acid 11iml
CoBF : ' 0.2854g

The monomer/CoBF was added at a linear rate over 120
minutes. The reaction was continued for a further hour before



_pol ynerisation flask was maintai ned at 85[err]C during the f%Eé:&'AE "E;“?“H—rs’éEET
further. 60 m nutes before cooling to anbi ent tenperature. ag Qg@
pol ymer | atex produced was taken and anal ysed by GPC. The %t OUr amr’

.bi nodal giving a value of M 35096 and Mv 436748. Exanple 8 An aqueous
emul si on pol ymer systemwas nmade accoriding to the invention using the low
nol ecul ar wei ght pol yner aqueous | atex LMP7 prepared as descri bed above:
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and anount | vgr}, b‘ewa?vxg4 I th lally in reaction vessel 133.3g of LMP7

aqueous | a 3 neutra |se 56. 7m of deionised water 10.4m of O.88
aqueous armmoni a soI utThgnTesitdnaciahfretas Anedvred itynCPe 19 viny it di4has
adj ust ed t engHPIg. @.8%. dropwi se addition of 0.88 aqueous amoni a sol ution.
Enmul si fi ednbeesh1488r idn Shill €iR-cd8t Pime@bMEdnidnk et hacryl ate 40g water 0. 4g
sodi um | auryl Su' phat}? sample of the latex (250g) was diluted with water
{94.3ml) and adjusted to pH 9.0 with 25% agqueous ammonia solution
(9.2ml). The viscosity of the resulting solution was measured as

described for 1LMP1 giving a value of 5.4cps.

IMP3

This was based on a MMA ({50 wt¥%)/MAA (30 wt%)/St (20 wt%)
oligomer: o . ' ‘ ' s
The apparatus and procedure were the same as described
for IMP1 except that the monomer was added over 120 minutes. '

The components and the amounts used are given below.

Water 1750g

Sodium lauryl sulphate 15g

Cyanovaleric acid 9.5g

Methyl methacrylate 400.6ml

Methacrylic acid 221.9ml

Styfene 165ml

CoBF 0.2976g

The final latex was analyzed by GPC to give Mn 4504 and
PDi 4.14.
Neutralisation and viscosity measurement

A sample of the latex was taken and diluted with water
'(113.7Sm1) and 25% aqueous ammonia solution (20.0ml) in a conical
flagk. After mixing, a double surfaced water condenser was attached
to the conical flask and the mixture heated to 80°C for about 30
minutes. The mixture was allowed to cool to room temperature
overnight. The viscosity of the resulting solution was measured in
the same way as described for LMP1 to give a value of 47cps.

LMP4 o
This was based on a MMA (60 wt%)/MAA (30 wt%)/St (10 wt%)
oligomer.

The apparatus and procedure were the same as described
for LMP1 except that the monomer/CoBF soluted was fed lihearly over
120 minutes.

The components and the amounts used are given below.

Water 17509 '

Sodium lauryl sulphate = 1Sg .

" Cyanovaleric ;cid 9.5g9



e - v a o o 0r 0 emtm o rrmne,

0. 4g amoni um per sul phate Exanple 9 An aqueous emul sion pol yﬁﬁ?“’?&s‘\’*éﬁf Wa“ét‘
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aqueous | atex LMP7 prepared as descri bed above. The appar atlju at&nﬁ ‘procedure:
were as described in Exanple 7. The ?rrponents and anounts are given below
Initially in reaction vessel 266.6g 0f LMP7 aqueous |atex (not neutralised)

. 113. 4g of deionised water 20.8m of 0.88 aqueous amoni a sol ution After

conmpl et e di ssol ution, MerBYS Fefhprexviags adj uéB@BMlo pH 9.0 by dropwi se
addition of 0.88 aquecMﬁhacmmlcaamcﬂ ution. Eeul9m¥ied feed 44m of styrene
44.7m  of n-butyl acr\digtkendO.|n water 282050 sodi um | auryl sul phate

CoBF 0.2870g
The final latex was analyzed by GPC to give Mn 4860 and

PDi 2.13. .
Neutralisation and wvigscogity measurement

A sample of the latex (2509) was taken and diluted with
water (110.2ml) and 25% agueous ammonia solution (19.8ml) in a
conical flagk. After mixing, a double surfaced water condenser was
attached to the conical flask and the mixture heated on a water bath
at 80°C for about 30 minutes to give a clear solution. The solution
was allowed to cool overnight to room temperature. The viscosity of
the resulting solution was measured in the same way as described for
LMP1 to give a value of 14.8cps at pH 9.0. '
IMPS '

This was based on a MMA (40 wt%)/MAA (30 wt%) /St (30 wt¥%)
oligomer. :

The polymerisation apparatus consisted of a 1 litre
baffled flanged flask fitted with a stirrer, condenser and dropping
funnel. The dropping funnel was fitted with a PTFE stirrer. The
apparatus was evacuated and flushed with nitrogen before use. The
apparatus was heated to 75°C using a theérmostatic water bath. The
polymerisation temperature was monitored using a thermocouple and
digital readout.

Brocedure

All monomers and water were degassed by passing a
nitrogen stream through them for at least one hour before use.

An initiator. solution of cyanovaleric acid sodium salt
was prépared in a round bottomed flask uilder nitrogen by taking
cyanovaleric acid (6.2g), sodium hydroxide ag solution (33.2ml,
1moldm?) and water (84cm?).

An emulsified monomer feed was prepared by preparing a
solution of methyl methacrylate (85.5ml), methacrylic acid (59.2ml),
styrene (66ml) and CoBF (0.1591g). The resulting solution was
transferred by syringe to the dropping funnel. Water (90.8ml) and
sodium lauryl sulphate (2.17g} were added to the flask in which the
monomer solution had been prepared and was then transferred to the
dropping funnel by syringe. The mixture was stirred rapidly to
produce a yellow emulsion.

To the polymerisation flask was added water (246ml), and
sodium lauryl sulphate (2.17g) with constant stirring. When the
contents of the reaction flask had reached 75°C, an aliquot of
initiator solution (60ml) was taken by syringe and added to the
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giving Mn 5011 and PDi 2.62.
Neutralisatio viscosi measurement
A sample of the latex (168.27g) was taken in

A sample of the final latex was taken and analyzed by GPC

a conical

flask and diluted with water (72.2ml), and 25% agueous ammonia
solution (11.96g). After mixing a condenser was attached and the
mixture was heated on a water bath at 80°C. for 30 minutes, then left
to cool overnight to room temperature. Tﬁe solution viscosity was
measured uging the method described for LMP1l giving a value of 48icps

at pH 9.0.

1MP6 _
This was based on a MMA (40 wt%)/MAA (30 wt%
oligomer. '

) /St (30 wt%)

The apparatus, procedure and ingredients ({(including

amounts) were as described in IMP5 except that the emulsifier used
was ammonium dodecyl benzene sulphonate (instead of Na lauryl
sulphate) with 5.25g being used in the monomer feed in the dropping

funnel and 5.25g being added to the polymerisation flask

. Also the

amount of cyanovaleric acid sodium salt initiator solution added

initially to the flask was 35.7ml and the rest was added
polymerisation at a rate of 0.24ml/min.

over the

The final latex was analyzed to give a polymer Mn of 5392

and PDi of 2.37.
Neutralisation and viscosity measurement

The procedure followed was the same as described for
IMPS5. The measured vigcosity of the solution at pH 9.0 was 224cps.

IMP7

This was based on a MMA (50 wt¥%)/MAA (30 wt%
~oligomer.

)/St (20 wt%)

The polymerisation apparatus consisted of a 2 litre

baffled flanged flask fitted with a stirrer and condenser. The

apparatus was evacuated and flushed with nitrogen before

use. The

polymerisation temperature was monitorable using a thermocouple and
digital read out. The reaction was heated using a thermostatically

controlled water bath.
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descri bed above. The pol yneri sation apparatus consisted o |

baffl ed round bottomed flask fitted with a stirrer, a conde éﬁ“?ipggsﬂggﬁ
équal i si ng dropping funnels and a nitrggen inlet tube The 1€
was heated by a heating nmantle. The follow ng substances were added to the
reaction flask: 1400g of LMP8 aqueous |atex (not neutralised) 1180g of

dei oni sed E contents of the reaction flask wer e heat edI toh60[érr] C
with a snmall streamof I trogen bei assed t muntil the -
tenperature of 60[err wamgngmarcshgﬂgq"ﬁ%ﬁﬁoﬁe ﬁgs&?sra‘g‘?"’%’%ﬁ?‘[:ﬁdé Brid (69
in 180 nl dEFPSRIEE GRYAM Of rRitERErD theguegh tilsm for @i deastednwalian) wer e

prepared. 4®efibse (mfseeach of the ascorbic acid and t BHPO sol utions Were

added to the reaction fdaskgeiQa, O&e%ﬁé&jwﬁggﬂ Pfsaﬁf‘) egﬁﬁﬁp 4 m d)

of eroee!  Foapalat Skl butou LR Chend) il iRt

the reacti off°f F2ick 2a¢ %FH’&F@ of 600m / hour . The r emai ni ng 140rr1 s of bot h
the ~ An aqueous solution of the cobalt catalyst was prepared.

CoPY (1.0592g) was taken and added to a round bottomed flask. The
flask was evacuated and flushed with nitrogen three times. De-
oxygenated, de- ionised water (100g) was added via a syringe to the
flask.

_ The monomer mixture was prepéred in a round bottomed
flask. The flask was evacuated and flushed with nitrogen three
times. Styrene (88ml), methacrylic acid (118.3ml) and methyl
methacrylate (213.7ml) were taken by syringe and added to the flask.

Cyanovaleric acid (5.1g) and water (50ml) were added to
the reéction flask. The monomer mixture and agueous solution of CoPY
were fed using syringes attached to syringe pumps at a linear rate
over a period of 120 minutes. The temperature in the reaction flask
was maintained at .(75:2)°C during the feed time and for a further 3
hours before cooling to ambient temperature.

The molecular weight of the resulting latex was
determined by GPC and gave Mn 3053 and PDi 2.66.

eutralisation and vi ity m rement .

A portion of the latex was diluted with water and ,
neutralised with 25% aqueous ammonia to give a 20 wt% solution of the
oligomer at pH 9. The viscosity of this solution was measured as
described for IMP1l and found to be 1l2cps.

IMP8
This was based on a MMA (70wt%) / MAA (30wt%) oligomer.
The polymerisation apparatus used was the same as that described for

IMP 7.
Procedure

All monomers and water were degassed (deoxygenated) by .
passing a stream_of nitrogen through them for at least_one hour
before use. .

De-oxygenated deionised water (1150ml) and sodium lauryl
sulphate (10.2g) were .charged to the reaction flask which was heated
to. 75°C and stirred.

A clean dry 2-necked round bottomed flask fitted with a
nitrogen inlet tube and magnetic stirrer bar was evacuated and
flushed with nitrogen three times.
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to a syringe pump. T temperature inside the

reaction flask was maintained at (75 & 2)°C throughout the monomer
addition and for a further 4 hours before the resulting polymer latex

was allowed to cool.

GPC analysis was carrled out on a sample of the latex

which gave Mn 1953 and PDi 2.0S5.

IMP 9

The polymerisation apparatus was the same as
described for IMP7.

that

This was based on a MMA (70 wt%) / MAA (30 wt¥) oligomer.

The experimental precedure followed was as described for

LMPB.
' The components and the amounts are listed below.
Water 450 ml
Sodium lauryl sulphate 4.2g
Cyanovaleric acid 2.54g
MMA 150 ml
MAA : - 859 ml
CoBF S 0.0926g -

The mixture of monomers and COBF was added to the
reaction flask at linear rate over a period of 1 hour. The reaction

was continued for a further 4 hours before cooling.

The resulting latex was analysed by GPC giving Mn 2572

and PDi 1.65.
Neutralisation and viscosity measurement

A portion of the latex was diluted with water and
neutralised with 25% aqueous ammonia to give a 20 wt% solution at pH
9. The viscosity of this solution was measured as described for IMP 1

and found to be 8cps.

IMP 10

A CCT-prepared low molecular weight acid functional
polymer IMP10 was prepared in an aqueous suspension polymerisation as

follows:

=]
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.reaction flask at anbient tenperature: 229g of LMP9 aqueous I%%%'?G(E%?NT”%’LJW
neutral.ised) 579 of degassed deionised water 14.1g of 25% afiyeous [ROTMAT 4906
solution The m xture was stirred for 15 mnutes to obtain a gengus
spl ution. Additional 25% aqueous a i a solution was added dropw se unti |
the m xture reached pH9. 68.4g de%enat ed deioni sed water, 4.73g of .
Akyponox OP 250V (71 wt % aqueous solution) a non ionic surfactant and 1.15g
‘of amoni um per sul phate aner Biad€lahge thesk cdetedwithaskirrbie taigeizature

of the reagh) S wh &l t : f 4ShyT :
sol ution _on Bg??gggag %ﬁwng%iua?nﬁ%grghﬁgggfg%ﬁo? ?A%ttgdr}?ﬁea?ﬂlég to
the reacti dA®fT 350 ROWFRELG AP Foamnd &R G ¥abur s §|ﬁgas epar at e
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and dried. A sample of the polymer beads was analysed by GPC giving

Mn 3846 and PDi 2.87.

eutrali ion and vigcosi easuremen
A portion of the dry beads was added to water and

neutralised with 25% aqueous ammonia to give a 20 wt% solution at pH

9. The viscosity of this solution was measured as described for IMP 1

and found to be 10cps.

PREPARATION OF SOME INVENTION POLYMER LgTICES
Example 1

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer aqueous latex
LMP1 prepared as described above.

The polymerisation apparatus consists of a 2 litre
baffled round bottomed flask fitted with a stirrer, a condenser, a
nitrogen inlet tube, a 1 litre dropping funnel and a 100ml dropping
funnel. The polymerisation temperature was monitorable by using a
thermocouple and a digital readout. The reaction flask was heated by
using a S500W heating mantle.

While stirring, the following’substances were added to
the reaction flask at room temperature.

797.51g of IMP1l aqueous latex (not neutralised)

199.51g of demineralised water

49.17g of a 25% aqueous ammonium solution. .

This mixture was stirred for about 15 minutes to obtain a
homogeneous solution. To this solution was then added 238.6g of
demineralised water, 16.5g of Akyposal OP 245V (a 70 w/w% aqueous
solution of a non-ionic surfactant) and 1.15g of ammonium
persulphate. A monomer feed for a hydrophobic polymer was prepared
by charging 397.7g of styrene to the 1 litre dropping funnel. A
separate initiator feed was prepared by dissolving 2.19g ammonium
persulphate in 70.72g of demineralised water and charging this
solution to the 100ml funnel. |
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Bbaffl ed round bottoned flask fitted vv'itzla a stirrer, condenset
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nitrogen inlet tube. 60g of dry |ow nmolecular weight polyner beads LMP 10
were mxed with 220g of water and 9m of 25% agueous anmoni a sol ution

resulting in a sol utiBie FragHenr Flashaps Eiushe
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1.06g Water
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reaction fPERRPSFaSerd; Ay the igdtdargcteed prarepragtpdepimultgangousiit | Bne of
0.58g of apepemenfeed was fed into the reactor over 2 hours; the initiator

feed was also fed into the reactor over 2 hours. After completion of

both feeds, the reaction flask was'kept at the reaction temperature
for another hour before cooling to room temperature.

The resulting latex was sieved over a low mesh screen.

~ The resuffing latex had a solids content of 35.0% {(w/w)
and a residual styrene content of 0.6% {(v/v on latex).
xa 2 ' ,

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer agqueous latex
LMP2 prepared as described above.

_ - The apparatus and procedure were as described in Example
1. The components and amounts used are given below:

IMP2 691.456g
Water 243.83g

25% aq.ammonia ' 46 .582g
Sodium lauryl sulphate (30% ag solution) 28.409g
Ammonium persulphate - ) © 2.365g
Styrene _ 382.747g
Water (in feed) 94 .619g

The resulting latex had a solids content of 40% (w/w) and
a residual styrene content of 0%.
Example 3

An aqueocus emulsion polymer system was made according to
the invention using the low molecular weidht polymer agqueous latex
IMP3 prepared as described above.

The apparatus and procedure were as described in Example
1. The components and amounts used are given below:

IMP3 652.028g
Water 282.715g
25% ag ammonia 46 .554qg
Akyporox OP 250V (70%) . 16.374g
Ammonium persulphate 1.138g
Water (in feed) 106.526g
Styrene 392.515g
Ammonium persulphate (3% aq) 71.961g

The resulting latex had a solids content of 40% (w/w) and
a residual styrene content of 0.4% (% v/v on latex).
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LMP4

658.537g
Water 276.15g
25% ag ammonia 46 .554g
Akyporox OP 250V (70%) 16.373g
Ammonium.bersulphate 1.138g
Water (in feed) 106.5269g
Styrene . | 392.515g
Ammonium persulphate (3% aq) ' - 71.961g

The resulting latex had a solids content of
a residual styrene content of 0.16% (% v/v).

Example 5

An aqueous emulsion polymer system was made

40% (w/w) and

according to

the invention using the low molecular weight polymer aqueous latex

IMP6 prepared as described above.
The polymerisation apparatus consisted of a

2 litre

baffled flanged flask fitted with a steel stirrer, a PTFE stirrer
gland, a condenser, a thermocouple and a dropping funnel. ‘The
dropping funnel was fitted with a glass stirred gland and a PTFE
stirrer. The apparatus was heated using a thermostatically
controlled water bath. The apparatus was flushed with nitrogen

before use.

Procedure

The oligomer aqueous emulsion LMP6 (222g, not
‘neutralised) as prepared above was taken, diluted with water (s4.2g),
and the pH adjusted to 9.0 with 25% aqueous ammonia solution. The
?iscosity of the resulting solution was measured using a Brookfield

viscometer at 20°C giving a value of 224cps.
The neutralised oligomer solution was taken

the polymerisation flask. The solution was stirred and
85°C.

and added to
heated to

Water (131.4g), sodium lauryl sulphate (1. 0g), styrene
(200g) and ammonium persulphate (1.0g) were taken in a glass beaker
and stirred until a white emulsion was produced. The emulsion was

added to the dropping funnel and stirred.

A portion of the emulsified feed (10%) was added to the
polymerisation flask. After 5 minutes the emulsified feed was
resumed. The feed was completed over 60 minutes and the
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. The polymerisatlon apparatus used was as described for
Example 5. o

A sample of the oligomer aquecus emulsion LMP5 (not
neutralised) was taken and evaporated to dryness on a water bath at
70°C. The solid was ground to a powder using a mortar and pestle and
dried for 60 minutes in a vacuum oven at 80°C. A portion of the
oligomer powder (66.7g) was taken in a conical flask and to this was
added water (250ml). 25% Agqueous ammonia solution was added until
the pH was 9. The viscosity of the resﬁlting solution was measured
using a Brookfield ﬁiscometer at 23°C, giving a wvalue of 4B8lcps.

' The oligomer solution was added to the polymerisation
flask and heated with stirring to 85°C.

A styrene polymerisation was then performed as described
for Example 5. ' '

A sample of the emulsion was taken and analyzed by GPC
giving a value of 246492 for Mn and a value of 2,49 for PDi.
Example 7

An aqueous emulsion polymer system was made according to
the invention using the low molecular welght polymer agqueous latex
IMP7 prepared as described above.

The polymerisation apparatus consisted of a 1 litre
baffled round bottomed flask fitted with a stirrer, condenser, a
nitrogen inlet tube and pressure equalising dropping funnel. The
dropping funnel was fitted with a stirrer. '

The following substances were mixed with stirring:

133.3g of IMP7 aqueous latex (not neutralised)

56.7ml of deionised water .

10.4ml of 0.88 agqueous ammonia solution.

After complete dissolution, the solution was adjusted to pH 9.0 by
dropwise addition of 0.88 agueocus ammonia solution. The oligomer
solution go formed was added to the polymerisation flask and heated
to 85°C using a heating mantle.

Water (60g), styrene (120g), sodium lauryl sulpﬁate
(0.6g) and ammonium persulphate (0.6g) were taken in a glass jar and
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A sample of the polymer latex produced was taken and
analysed by GPC. The chromatogram was bimodal giving a value of Mn
35096 and Mw 436748. |
Example 8

An agqueous emulsion polymer system was made according to
the invention using the low molecular wexght polymer agueous latex
LMP7 prepared as described above. :

The apparatus and procedure was as described in Example
7. The components and amounts are given below:

Initially in reaction vessel

133.3g of IMP7 ‘aqueous latex (not neutralised)

56.7ml of deionised water

10.4ml of 0.88 aqueous ammonia solution.

After complete dissolution, the solution was adjusted to pH 9.0 by
dropw1se addition of 0.88 aqueous ammonia solution.

Emulsified feed

76g of styrene

4g of glycidyl methacrylate

40g water

0.4g sodium lauryl sulphate

0.4g ammonium persulphate

An aquecus emulsion polymer ;ystem was made according to
the invention using the low molecular weight polymer aqueous latex
ILMP7 prepared as described above.

The apparatus and procedure were as described in Example
7. The components and amounts are given below:

Initially in reaction vessel

266.6g of IMP7 aqueous latex (not neutralised)

113.4g of deionised water

20.8ml of 0.88 agueous ammonia solution
After complete dissolution, the solution was adjusted to pH 9.0 by
dropwise addition of 0.88 agueous ammonia solution.

Emulsified feed

44ml of styrene

44.7ml of n-butyl acrylate

40.1ml water
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(s). 13. Process according to claim12 wherein the
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and 95- 60 wei ght % dft-65oRedki™ Levrck seheat®nononer (s). 14. . .
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16 wherein sal

Ghefld Yardf:borne ink. FrOcess according to any one of clainms 11 to
d

acrd Tunctional c,ormn,om;r(s() conpri ses acrylic acid.
120g of titanium dioxide (grade TRBO supplied by Tioxide)

10g of n-propyl alcohol

50g watef .
The cémponents were mixed together in a high shear mixer at ca.
4000rpm resulting in a homogeneous dispersion of the pigment.' The pH
of the ink was 8.1. i

The ink was coated onto corona treated polyester film and
dried in an oven at 80°C for 20 seconds. The ink coéting was shown
to be water resistant as it was not removed from the £ilm by rubbing
with a cotton wool swab soaked in water. Reversibility of the ink
was demonstrated as the dried ink was réadily removed from the film

and redispersed in the wet ink when rubbed with a cotton wool swab

scaked in the ink..
BEx 1

An'aqueous emulsion polymer was made according to the
invention using the low molecular weight polymer aqueous latex LMP8
as described above.

The polymerisation apparatus consisted of a § litre
baffled round bottomed flask fitted with a stirrer, a condenser, 3
pressure equalising dropping funnels and a nitrogen inlet tube. The
reaction flask was heated by a heating mantle. _

The following substances were”added to the reaction
flask: .
1400g of IMP8 aqueous latex (not neutralised)
11809 of deionised water

The contents of the reaction flask were heated to 60°C
with a small stream of nitrogen being passed through them until the
temperature of 60°C was reached. Aquecus solutions of ascorbic acid
(6g in 180 ml deionised water) and tBHPO (6g in 180 ml deionised
water) were prepared. 40 mls of each of the ascorbic acid and tBHPO
solutions were added to the reaction flask. 630g of MMA and
630g of BA were mixed with 6g of Aerosol OT solution (75% wt/wt in
water/ethanol as supplied by Cyanamid) and added to one of the '
dropping funnels. This monomer mixture was addéd.to the reaction
flask at a rate of 600ml/hour. The remaining 140mls of both the

-~
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i taconic acid. 19. Process according to any one of 1

Wwherein said acid-functional conononer (89 conprises a sulphonlc acid
beari ng nononer, thereby to provide sul phonic acid functlonal groups |n_the
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and said styrenes are styr itself, a-neth styrene and t-butyl styrene.
22. yPr ocess a%ﬁrﬁﬁ*&téﬁgwe%‘% Bot ‘F’él ©f Wasc991&th&PeP P Gai d
non- aci d- f u@ed isdgued @yeono koW Besk sepeenesAansanndei of dliel gquetsat pohymed

nitrile(s), latexaprodiiednvdd|daket i uhatyrddaey icte( Sthe %ﬁromatogram wagPcess
accor di ng taumaoagf Abifid A Widd Jfomz%mer Sy ﬂ%h? YnaSghd sf:

: ONers conpri . ses f unct’ional nononer
.hon-aci d-functional C%pgry olymer powder was recovered by spray drying the

aqueous latex. A portion of the dry polymer powder was readily
redispersed in an aqueous solution at pH 8.5.

Example 11

An aqueous emulsion polymer system was made according to
the invention using the low molecular weight polymer agqueous latex
IMP 9 prepared as described above.

' The polymerisation apparatus consisted of a 1 litre
baffled round bottomed flask fltted with a stirrer, condenser and a
nitrogen inlet tube.

While stirring the following substances were added to the
reaction flask at ambient temperature:
229g of IMP9 aqueoﬁs latex (not neutralised)
57g of degassed deionised water
14.1g of 25% agueous ammonia solution

The mixture was stirred for 15 minutes to obtain a
homogenous solution. Additional 25% agueous ammonia solution was
added dropwise until the mixture reached pH9. 68.4g deoxygenated
deionised water, 4.73g of Akyponox OP 250V (71 wt% aqueous solution)
a non ionic surfactant and 1.15g of ammonium persulphate were added -
to the reaction flask. The temperature of the reaction flask was
raised to 85°C.

114g of styrene and a solution of 0.628g of ammonium
persulphate in 20.3g of water were fed to the reaction flask at a
linear rate over a period of 2 hours usiné Separate syringes attached
to syringe pumps . The temperature inside the reaction vessel was
maintained at 85°C for 6 hours after the feeds had finished
before allowing to cool. _ _

A sample of the agueous polymer latex produced was taken
and analysed by GPC. The chromatogram was bimodal giving a value of
Mn 5825, Mw 204206 and PDi 35.06. From the high molecular weight peak
in the chromatogram it was estimated that the high molecular weight
hydrophobic polymer had a value of Mn 90000, Mw 310000 and PDi 3.5.
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system 25. Process according to either claim23 of| P&

-wherein said functional nononer(s) is38lected fromal kyl, gryctayr, and
hydr oxyal kyl net hacryl ates and acryl ates, ketofunctional nononers, and
nonlketofugétiOQalianide nononers. 26. - Process according to claim
25 wherein functi onal nononers are acetoacetoxy esters of

hydr oxyal kyl acryl at eR AfeRBE HRF1R POLYIRT F¥ERIT FaicBidsn @ecexdiachp

nmet hacryl atuhe ktemtionnisiing hpe dinwdeslecplef evedghy mblyoet AMP a0rptepardd, and
sai d non- kit gbsRGhe@Nabov1i de nononers are acryl am de and net hacryl am de.
27. Process according to any one of clainms 11 to 26 wherein said
copol ymer is derived froma nonormer system which conprises 10-30 34

wei ght % of et hacryl Fe KlymesirabhonAngRTaMSOFoRBIThAE fotthdctiFER e, 0-30
wei ght % ofbagfited rroboé Hoarftomed UEhdsknEittedr witht @ avirmerbutorideaseylatdea and
0- 40 wei ghtni¥%reders tivih 80 Gube. Process according to any one of

claims 11 to 26 mhereka of dry low molecular weight polymer beads IMP 10 were
mixed with 220g of water and 9ml of 25% aqueous ammonia solution '
resulting in a solution of pH9. Further water (approximately 11g) was-
added to make the total mass of solution 300g. This solution of LMP
10 was added to the reaction flask together with:

"

sodium lauryl sulphate 1.5g9
Akyponok OP 250V (71 wt% agueous solution) 4.40g
ammonium persulphate 1.06g
_Water ' . - 30g

The temperature of the reaction flask was raised to 85°C.

116ml of styrene and a solution of 0.58g of ammonium
persulphate in 20ml of water were fed to the reaction flask at a
linear rate over a period of 2 hours using separate syringes attached
to syringe pumps. The temperature inside the reaction vessel was
waintained at 85°C for 4 hours after the feeds had finished before
allowing to cool. : )

A sample of the aqueous polymer latex produced was taken
and analysed by GPC. The chromatogram was bimodal giving a value of
Mn 36308, Mw 597563 and PDi 16.46.
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1, 3- polymer has a number average molecular weight within the
range of from 500 to 50,000;
b) conducting an aquecus emulsion polymerisation process to

form an aqueous emulsion of a hydrophobic polymer f£rom at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
the aqueous medium of said emulsion polymerisation
‘process before ‘the start of and/or during said emulsion.
polymerisation process and -becomes dissolved or dispersed
in said agqueous medium.

2. Process according to claim 1 wherein said transition
metal chelate used in step a) is a cobalt chelate complex.

3. Process according to either claim 1 or claim 2 wherein
said low molecular weight polymer in step a) is prepared using an
aqueous emulsion or suspension polymerisation process.

4., Process according to any one of the preceding claims
wherein said low molecular weight polymen is fully dissolwvable in an }
aqueous medium.

5. Procegs according to claim 4 wherein said low molecular
weight polymef becomes dissolved in the aqueous medium of the
polymerisation of step b), and wherein dissolution is achieved by
neutralization of the acid-functional groups thereof.

6. Process'according to claim 5 wherein neutralization is
effected by raising the pH of the agqueous medium.

7. Process according to any one of claims 4 to 6 wherein

. said low molecular weight polymer becomes dissolved in the aqueous
medium of the polymerisation of step b), wherein, subject to when it
is added to the agueous medium, dissolution is effected or takes
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Process according to claim33 wherein Sa’I_zd functi onal nonone
subsequent crosslinkability in the resulting polynmer system d3f5. I
Process accqrding to either claim33 or claim34 wherein sai unctional -
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hydr oxyal ky] acryl ates and net hacy,yl ates, preferab]y acetoacet oxyethy
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the concentration of acid functional nmononer units in the
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9.. Process according to claim 8 wherein said low molecular
weight polymer becomes colloidally dispersed in the aqueous
_ polymerisation medium of step b).

10. Process according to claim 9 wherein said dispersion is
facilitated by neutralization of the acid-functional groups of the
low molecular weight polymer.

11, Process according to any one of the preceding claims
wherein the monomer system used for the preparation of the acid-
functional polymer is that to provide a’copolymer of at least one
olefinically unsaturated acid-functional comonomer and at least one .
olefinically unsaturated non-acid-functional comonomer.

12. Process according to claim 11 wherein the monomer system
used comprises 1-60 weight % of acid-functional monomer(s) and 99-40
. weight % of non-acid-functional component (s).

13, Process according to claim 12 wherein the monomer sYstem

used comprises 5-40 weight % of acid-functional comonomer(s) and 95-

60 weight % of non-acid-functional comonomer (s) .

14. Process according to claim 13 wherein the monomer system

used comprises 15-40 weight % of acid-functional comonomer (s) and 85-
60 weight % of non-acid-functional comonomer(s).

15. Process according to any of claims 11 to 14 wherein said
acid-functional comonomer (s) comprises a carboxyl-functional
comonomer (s) thereby to provide carboxyl-functional groups in the
resulting low molecular weight polymer.

16. Process according to claim 15 wherein the acid-functional
comonomer (s) comprises methacrylic acid.

17. Process according to any one of claims 11 to 16 wherein
said acid functional comonomer(s) comprises acrylic acid.
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the non-acid-functional comonomer(s) comprises at least one monomer
selected from alkyl methacrylates, alkyl acrylates, styrenes, dienes
and vinyl esters.

21. Process according to claim zolwherein said alkyl
methacrylates are Cl to Cl10 alkyl methacrylates, said alkyl acrylates
are Cl to C10 alkyl acrylates and said styrenes are styrene itsgelf,
c-methyl styrene and t-butyl styrene.

22. Process according to any one of claims 11 to 21 wherein
said non-acid-functional comonomer(s) comprises an olefinically
unsaturated nitrile(s), or an olefinically unsaturated halide(s).

23. Process according to any one of claims 11 to 22 wherein
part of said non-acid-functional comonomers comprises a functional
monomer (s) . '

24. Process according to claim 23 wherein said functional
monomer (8) provides subsequent crosslinkability in the resulting

polymer system. : » -
25. Process according to either claim 23 or claim 24 wherein

said functional monomer(s) is selected from alkyl, glycidyl, and
hydroxyalkyl methacrylates and acrylates, ketofunctional monomers,
and non-ketofunctional amide monomers.

26. Process according to claim 25 wherein said ketofunctional
monomers are acetoacetoxy esters of hydroxyalkyl acrylates and
methacrylates, preferably acetoacetoxyethyl methacrylate, keto-
containing amides, preferably diacetone acrylamide, and said non-
ketofunctional amide monomers are acrylamide and methacrylamide.

27. Process according to any one of claims 11 to 26 wherein
said copolymer is derived from a monomer system which comprises 10-30
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to act as aﬁbf%ﬁﬂké'fdﬂdng 35 weight % of styrene.

29. Process according to any one of the preceding claims
wherein at least 50 weight % of the monomer system used in the
polymerisation in stage a) is a monomer(s) having a c&kac(CHz)—
moiety. -

30. Process according to any one of the preceding claims
wherein said low molecular weight polymer has a number average
molecular ﬁeight within the range 1000 to 10, 000.

31. Process according to any one of the preceding claims
wherein the monomer(s) used in the preparation of the hydrophobic -
polymer comprises at least one monomer selected from styrenes, aikyl
acrylates, alkyl methacrylates, vinyl esters, vinyl halides,
vinylidene halides, and dienes.

32. Process according to claim 31 wherein the styrenes are
styrene itself, &-methyl styrene, o-, m- and p- styrene, o-, m- and
p-ethylstyrene, p-chlorostyrene and p-bromostyrene; the alkyl
acrylates and methacrylates are those having C1-10 alkyl; the vinyl
halide is vinyl chloride; the vinylidene halide is wvinylidene
chloride; the vinyl ester is vinyl acetate; and the dienes are 1,3-
butadiene or isoprene. L

33. Process according to any one of the preceding claims
wherein part of the monomer system used in the preparation of the
hydrophobic polymer comprigses a functional monomer(s).

34, Process according to claim 33 wherein said functional
monomer (s) provides subsequent crosslinkability in the resulting
polymer system. '

35. Process according to either claim 33 or claim 34 wherein
said functional monomer(s) is selected from alkyl, glycidyl, and
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37. : Process according to any one of the preceding claims

wherein the concentration of acid functional monomer units in the
hydrophobic polymer is less than the concentration of acid functional
monomer units in the low molecular weight acid functional monomer.
38. Process according to any one'of claims 1 to 36 wherein
the monomer system used in the preparation of the hydrophobic polymer
contains less than 10 weight % of any acid-functional monomer.

39. ' Process according to claim 38 wherein the monomer system
-contains less than S weight ¥ of any acid-functional comonomer.

40. Process according to claim 39 wherein the monomer system
contains no acid-functional comecnomer.

41. Process according to any one of the preceding claims
wherein the hydfophobic polymer is made from a monomer system
comprising at least one of styrene, C1-10 alkyl acrylate, and C1-10
alkyl methacrylate.

42, Process according to claim 41-wherein the hydrophobic '
polymer is a styrene homopolymer.

43, Process according to any one of the preceding claims
wherein the hydrophobic polymer has a number average molecular weight
of at least 50,000. '

44, Process according to claim 43 wherein the hydrophobic
polymer has a number average molecular weight of at least 100,000.

45, Process according to any one of the preceding claims
wherein in said process, the low molecular weight polymer in the form
of a solid isolated from its préparative polymerisation medium, is.
dissolved or dispersed in an aqueous medium which is then used as the-
basis for the aqueous medium of the polymerisation of step b).
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hydr ophobi cERfoPPhEPeFisghion e85 e ol ef i nical |y unsaturated mononer,
wherein the | ow nol ecul ar wei ght polynmer of step a) is introduced to the

aqueous nedgpm of sai @rebd s iaBoRBIngTebi AL bR of claim 3 to 44, wherein in
said process, an aqueous emulsion of the low molecular weight polymer
resulting from polymerisation in step a) is used as the basis for the
aqueous medium of the polymerisation of step b).

48. - Process according to claim 47 wherein the polymerisation
processes in steps a) and b) are carried out in the same
polymerisation vessel.

49, ' Process according to either claim 47 or claim 48 wherein
the low molecular weight polymer is deployed to act as an emulsifying
agent in the polymerisation of step b).

50. - Aqueous polymer emu151on whlch is formable by a process
according to any one of the preceding claims.

51. Aqueous polymer emulsion which is formable by a process
which comprises: '

a) preparing a low molecular weight polymer containing'acid-
functional groups using a free-radical polymerisation
process which employs a free-radical initiator and, for
the purpose of controlling molecular weight, a transition -~
metal chelate complex, wherein said low molecular weight
polymer has a number average molecular welght within the
range of from 500 to 50,000;

b) conducting an aqueocus emulsion polymerisation process to
form an aqueous emulsion of a hydrophobic polymer from at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
the aqueous medium of said emulsion polymerisation
process before the start of and/or during said emulsion

polymerisation process and becomes dissolved or dispersed
in said aqueous medium.

52. Composition comprising an agqueous polymer emulsion
according to either claim 50 or claim 51.



process”mHuﬁmﬂa m “of and/or duri ng said enul si on poljly REPLAGEMENT SHEET
pr ocess II ﬁ ol ved or di spersed I n said aqueous |redi u

wherein Turthér &aié | bw nol ecul ar pol % is derived from Dmnﬁn%ﬁziyiggﬁ .....
ém whi ch conprises 15-40 wei ght % aci d- unctlonal conononmer{sr—ant—85-60—
wei ght- % of non-aci d-functional conmononer(s) . 55. Use according to

cl ai'm 54 wagrein the gl def up Me&é 3?@%199 rn{aassw%t bgeudd © acid.

56. Use.accordi nh to sal m)no em conpri ses
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and 0-35 wei ght % of styrene. 57. Use of an aqueous pol yner
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59. An aqueous pol ymer conposition conprising an aqueous di spersion

of a powderg)form pol ygpspAa68" &I 1% h1 @b weight polymer containing acid-

' - functional groups using a free-radical polymerisation.
process éhich-employs a free-radical initiator and, for
the purpose of controlling molecular weight, a transition
metal chelate complex, wherein said low molecular weight
polymer has a number average molecular welght within the
range of from 500 to 50,000; '

b) conducting an aqueous emulsion polymerisation process to
form an aqueous emulsion of a hydrophobic polymer from at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
the agquecus medium of said emulsion polymerisation
process before the start of and/or during said emulsion
polymerisation process and becomes dissolved or dispersed
in said aquecus medium. .

and wherein further said low molecular polymer is derived from a

monomer system which comprises 15-40 weight % acid-functional

comonomer (s) and 85-60 weight % of non-acid-functional comonomer (s) .

585. 'Use according to claim 54 wherein the acid-functional
comonomer comprises methacrylic acid.

56. Use according to claim 55 wherein said monomer system
comprises 15-40 weight % of methacrylic acid, 50-85 weight % of
methyl methacrylate 0-30 weight % of one or both of n-butyl
methacrylate and n-butyl acrylate, and 0-35 weight ¥ of styrene.

57. Use of an aqueous polymer emulsion made by a process
according to any one of claims 1 to 49 in the provision of films,
polishes, wvarnishes, lacgquers, paints, sealants and adhesives.

58. A polymer in powder form which has been recovered from an
aqueous polymer emulsion according to either claim 50 or claim 51.

59. An aqueous polymer composition comprising an aqueous
dispersion of a powder form polymer according to claim S8.
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60. ' Use of a powder form polymer according to claim 58 asg a
cement additive.
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~ PRODUCTION OF POLYMER EMUL'SIONS

ABSTRACT

- Process for the production of an aqueous polymér emulsion

which process: cqmprises :

a)

b)

preparing a low molecular. weight polymer-containing acid-
functional groups using a free-radical polymerisation
process which employs a free-radical initiator and, for
the purpose of controlling molecular weight, a transition
metal chelate complex, wherein said low molecular weight
polymer has a number average molecular weight within the
range of £rom 500 to 50,000;

- conducting an agqueous emulsio;r polymerisation process to

form an aqueous emulsion of a hydrophobic polymer from at
least one olefinically unsaturated monomer, wherein the
low molecular weight polymer of step a) is introduced to
the aqueous medium of said emulsion polymerisation
process before -the start of and/or during said ‘emulsion
polymerisation process and becomes dissolved or dispersed
in said aqueous medium.
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