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.The present invention relates to water- ners
particularly to water- di spersi bl e pol yesters, polyam des and
.polyethers as 5 well as copol yners thereof. Balsyve Sney
resins, as well as polyam de and pol yet herg\re®orRRS26\0 350 0hpetS B350 Jawadl
variety of applications, including coatings, paingamr igkglnss and
the like. Such resins are typically soluble in 10 org @R’ e and
ex_hibit I|ttle|fF |ﬂ b m 35 AERE II\ifJ:c ystens in
whi ch water and R : .F- gd sol vent -
based resin sol uti ons hgf gkghi cl e of choice
for use im formng coatlngs an [ e o However, many
organi ¢ sol vents Cofh®nby¥esShe iﬁvgﬂgi@@cfép@t@gt@oswghefe5|ns pr esent

envi ronnent al _probl e assogi at ed MAt their toxj There has been a
gr owi ng concé?f% %ﬂg% iy@$¥%ct%n mox¢ gﬁﬁﬁlﬁ?%%ﬁ}¥ E%IV%E?E on the
envi ronnrent c&issp@th]@l?eapobpesheréprgelﬁami@eal ahd opolyeitherdsiohs who cone
into contac if §§C$q58i¥ﬁ8£§ tﬁ@? ¢ has, therefore, been a grow ng

i nt er est |n the use ueous reS|n conposi tions as a neans of
el i mnating tOX|C|t@ObY%%t%ﬁBIQSS@%la@%dwﬂllha%rgﬁﬁWQmB@¢v@m@s 25 and

as a neans of &RP@EHéf‘gré\éiﬁsgofﬁﬁ@r@@éaine&“@éflety kth respect to the
use of such solvents gg_es of a ueous(ggl%fster and ot her

resin di spers@%l%ﬁ%l%%vm“i‘ﬂl‘ﬂ‘?ﬂen%r?o Hgs. Pyt Véfe resin
into the aguemd thesli 1dkdas %chwéﬁmd:;/ebegm@a:mxevwlmﬂs&@ug’m t he use of

10 organic solvents, and exhibit little if any solubility
in agqueous solvents or in systems in which water and a
second water-soluble are empld&ed. Organic solvent-
based resin solutions have thus typicaliy been the
vehicle of choice for use in forming coatings and the

15 1ike of the resins. However, many organic solvents
commonly used 1n conjunction with such resins present
environmental problems associated with their toxicity.
There has been a growing concern based on the effects
of such organic solvents on the environment, as well

20 as on the long-term health of individuals who come
into contact with such solvents. There has,
therefore, been a growing interest in the use of
agueous resin compositions as a means of eliminating
toxicity problems associated with organic solvents,

25 and as a means of complying with governmental edicts
with respect to the use of such solvents.

Examples of aqueous polyester, and other
resin dispersions are known in the art. The
dispersion of the resin into the aqueous medium has

30 customarily been achieved through the use of
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35 A - 2- 1 dispersing or

-enul si fying agents such as nonionic or lonic surfactants. However, the
-use of surfactant- stabilized aqueous resin dispersions is far from
desirable, since a proportion of free surfactant can 5 be carried through
to the final product, which can result in a dimnution of the desired
properties of the final product. The prior art has thus
attenpted to i ncorporate noieties dphrectly into the polymer 10 nol ecul e
which affords greater water dispersibility to t he polyner. Typically,
these attenpts invol ve copol yneri zation of a water-soluble or water-

di spersi bl e conononer together with the other nononers whi ch react

together to formthe desired polyner 15 nolecule. Typical of this approach
is U S Phtedisgersing S5einl4d fyiric aglintd aaeh eapalogmemizatdon of an

ot ¢ sul L9 ARk " SRUMIGE! Y Il gr sffilSghOO L eRLer
No. 4,525, 524tabidizest @aquedus 4eplim Rispensdons is far from
desirable, since a proportion of free surfactant can
5 bpe carried through to the final product: which can
result in a diminution of the desired properties of
the final product. '
The prior art has thus atteméted to
incorporate moieties directly into the polymer

10 molecule which affords greater water dispersibility to
the polymer. .Typically{ these attempts involve
copolymerization of a water-soluble or water-
dispersible comonomer together with the other monomers
which react together to form the desired polymer

15 nmolecule. Typical of this approach is U.S. Patent No.
3,563,942, which discloses copolymerization of an
aromatic sulfonate moiety in the synthesis of the
desired polyester polymer.

Similar approaches are disclosed in U.S.

20 patent No. 4,525,524, U.S. Patent No. 4,910,292, and
U.S. Patent hb. 4,973,656, which disclose other
techniques for copolymerizing a sulfonate-type monomer
directly into the polymer when it is formed from its
monomeric constituents. These techniques require very

25 high reaction temperatures, whereas the process of the
present invention can be carried out at much milder,
less energy-intensive conditions.

The prior art approach to the objective of
incorporating a water-dispersible moiety into the

30 polymer molecule has other drawbacks in addition to
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U S. Patent No. 4,973,656, which disclose other t echni ques for

‘copol yneri zing a sul fonate-type nmononer ~directly into the pol yner when
it is formed fromits mononeri c constituents. These techniques require
very 25 high reaction tenperatures, whereas the process of the pr esent
Jnvention can be carried out at nuch'm | der, | ess energy-intensive
condi tions. The prior art approach to the objective of

i ncorporating a water-dispersible noiety@-into the 30 pol yner nol ecul e has
ot her drawbacks in addition to 35

- 3- 1 the severe reaction conditions thenselves. Notable anong
these is the fact that under such severe reaction conditions, the

pol yrer eisily deconposes .,and/or _is converted to a yellow sh or dark
product. =5 Chf SeHRXMPRIIEN iconiitiong tthemeekresdl ofotablelni nate.

Al so, aromat igimdny faedesi £ ane apser lsat unddrt siedli ®bvembi ch is
ordinarily aépreferred react ant, to be converted to tetrahydrofuran;

and can caus eacmtﬁrbt(fﬂﬂcgintel‘ﬂﬁ/cot#}e RROARET FF LY LPTIRPSBY to be 10
converted to aidfmnels ddresercahviss Sa oSl Dowildh bef adisfk product.

5 his decomposition is difficult to control or
eliminate. Also, aromatic sulfonates can cause 1,4-
butanediol, which is ordinarily a preferred reactant,
to be converted to tetrahydrofuran; and can cause
diethylene glycol, another preferred reactant to be

10 converted to dioxane. These conversions occur because
of the strong acidity of the aromatic sulfonate. Both
such conversions are undesirable as they lead to
losses of yield and to unsatisfactory properties of
the product. It is also difficult to identify

15 satisfactory water-dispersible, e.g. sulfonate-based,
comonomers which can successfully copolymerize with
the other comonomers to form the desired copolymeric
product. The reaction conditions that become
necessary are constrained by the additional comonomer

20 present, such that harsher reaction conditions are
often required that are in turn more difficult to
control.

The present invention thus is directed to an
improved technique for forming water-dispersible

25 polymeric resins, particularly resins formed by
‘condensation polymerization such as polyesters,
polyamides and polyethers, which technique affords
improved ease of operation, more satisfactory yields,
improved properties (such as a desirable light color

30 of polyesters and polyethers produced by this
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of thesstrong acidity of the aromatic sulfonate. Both such conversions
are undesirable as they lead to | osses of yield and to unsatisfactory
properties of the product. It is also difficult to identify 15 _
satisfactory water-di spersible, e.g. sulfonate-based, conononer s whi ch
can successfully copolynerize with the other conpnoners to formthe
desired copol yneric product. The reaction conditions that becone
necessary are constrained by the additi-onhal comononer 20 present, such
that harsher reaction conditions are often required that are in turn
nmore difficult to control . The present invention thus is

directed to an i nproved technique for form ng water-dispersible 25
pol ymericqresjins, particularly resins formed by condensati on

pol ymeri zat i o ERRH QR pRRdsthfers a gperteni vesiekd pol feehers, which
techni que af faslisction i OProvect£R6E hdODE! Bhé OPandB! 6f SpEbséaci gLy Vi el ds,
| mpr oved prog§gt£§§ ég%ﬁﬁ €§ éhg§5'r§hﬂg é$9§£n§8[or 30 of polyesters and
pol yet hers produced T K15 _ _
-4- 1 invention), dfkegpfesent imeateionatsefyrtilet h@irected to
5 an improved process for obtaining such water-

dispersible polymers which can be used as final

products or can be used as intermediates for the

subsequent formulation of other polymeric derivatives

such as polyurethanes.

10 One aspect of the present invention is a
process for producing a water-dispersible polymer
comprising: (a) forming an ethylenically unsaturated
polymeric precursor which is terminated at one or both
its ends with -COOH, -NH,, or -OH, by condensation

15 polymerization of reactants which upon said
condensation polymerization form said ﬁolymeric
precursor wherein at least a portion of at least one
of said reactants contains ethylenic unsaturation; and
(b) sulfonatiﬁg said polymeric precursor by reacting

20 it with a sulfonating adent such as a compound
selected from the group consisting of bisulfites,
metabisulfites, and mixtures thereof, under conditions
such that said sulfonating agent reacts with said
ethylenic unsaturation and sulfonates said polymeric

25 precursor.

The polymeric precursor can be all of one
type of polymer, or can comprise two Or more
(preferably up to four) blocks each of which is a
polyester, a polyamide, or a polyether, wherein the

30 blocks are either bonded directly to each other or are
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sel ection of reactants and in the range of properties of the products

that can be obt ai ned. The present invention is further
directed to 5 an inproved process for obtaining such water-

di spersi bl e polynmers which can be used as final products or can be
used as internediates for the subsequent fornul ation of other

pol yneric derivatives such as pol yurethanes. 10 One aspect
of the present invention is a process for producing a _

wat er - di spersi bl e pol yner conprising: (a) formng an ethylenically
unsat ur at ed pol ymeric precursor which is termnated at one or both

its ends with -COCH, -NH err], or -OH by condensation 15 polynerizaéion
of reactafts which upgn_sajd condensation polymerization form sa
polynerlcﬂ' eﬁﬁggﬁ?gg?dmﬁgF%?ﬂhaf T%é@i“ﬁ‘pof@ Qh- oPT at Ot ebirkage of
sai d react ant o cant fhbereéhyhenaTkvnsnbiéeyi eontabfing 2(8d 36! fonating

u fonatln??agent such

I
2o & bompoundaFESE 5 &8s el S oS fBrat ednat ceonCA tRS oKV TrRES,
met abi sul fi t eysatuirat konr esrovbdedf thandadjscant thbocks bosded t hat said

Sulfonat] B SENCEERcls Uik ol arectiUbEnE SORMMEALLERANS,

sul f onat es sal precursor.
precur sor carﬁ%“a‘ﬁc%fo'@h@r type of pol yrrer or can conprise two or

hor e (preferably UPTH® pRéSan®| DE¥EnLAGH £f ﬁh%a% %ol yester, a
pol yam de, egé) %;_Ltheré erein the 30 blocks are eit ed directly
to each other W sper l%i? polymers, particularly water-

dispersible condensation polymers. The products of

10  the process of this invention can be used per se
to form coatings, film and the like. The products of
the process of this invention can also be used as
intermediates in the formation of other polymeric
species, for instance by reacting appropriate di-

15 isocyanate compounds or other di-substituted cross
linking agents with the carboxylic acid, amino, or
hydroxyl substituent groups present on the polymers
produced by the present invention.

The condensation polymerization reactions

20 with which the present invention may be used include
any reactions among reactants in which appropriate
functionalities on the reactants react to form a
covalent linkage, the reaction. typically (but not
always) resulting in the formation of a.byproduct

25 molecule, typically water, as a result of the
reaction. The functionalities present on the
reactants usually include one or both of -COOH (or
anhydride) and/or -COH, and one or both of -OH and -
NH,. The reactants that enter into .such condensation

30 reactions are .usually substituted with two, or more,
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1 each bonded through a -C(ONH, -C(O- or -O I|inkage to an

|nterven|ng al kyl noiety containing 2 to 20 carbon atons which is
saturated or contains ethylenic unsat uration; provided that adjacent
bl ocks bonded 5 directly to each other are types of polynmer different
from each other. The present invention is useful in making
wat er - di spersi bl e polyners, particularly water- di spersible
condensati on pol ymers. The products of -0 the process of this invention
can be used per se to formcoatings, filmand the |ike. The products
of the process of this invention can al so be used as

I ntermedi ates in the formation of other polyneric speci es, for

i nstance by re roprlate di - 15 isocyanate conpounds or ot her
di - subst i éi‘f'a "H'g'g filile Ctionad iy erenteng (H ke BN e d, ami no,

or hydr CBqHstSlLﬁ]Hied Weth o) psaniy eRaidt ihd hie: 1 ynéergs , produced

by the prese v ondensa on nerlzatlon
reactions ZOIHWI ‘#(%]ﬂ c cf]hse’ queaéré]rﬂesi)ﬂvé?ﬂm Lki%e"’d& any
reacti ons anwigl et aont sndmre whi ffre sy (ﬁ)mwunmnallﬁmtde)r@,l t ies on the

react ant ssreaglidd d 4B a | i nkage, the reaction typically (but
not al Wa% rd;su t1ng rﬁldlf féofdn%)t Ton of a byproduct 25 nol ecul e,

typically water, as a rRxafierngd texamples exfctdandenfatfamctional ities
present on t fiﬁlymer“ﬁﬁﬂﬁﬂi Sdbaldns '1%1% P i iy Qvl'fifch %( or

anhydri de) and/or -COH one or both of -OH and

reactants t h&CTHRSHeT St @W&?%ﬁ%tﬂ%ﬂ’aﬂl}d%acﬁ%@ lusual | y
substit ut ed Wnidwmi WpolsfedBdrs form by the reaction of, for

10 instance, diols with dicarboxylic acids or anhydrides
thereof. Polyamides form By the reaction of, for
instance, diamines with dicarboxylic acids or
anhydrides thereof. Polyethers within the scope of.
the present invention can be formed by the

15 polymerizatiion of, for instance, ethylene oxide or
propylene oxide under ring-opening conditions.
Condensation polymerization reactions also include
such reactions of glycol or alkoxy-terminated
polyethylene glycol with a diacid or anhydride to form

20 a polyester of the polyethylene glycol.

The polymers within the scope of the present
invention also include those composed of blocks
wherein blocks adjoining each other are different
types of condensation polymers. Examples include

25 polyester/polyamide, polyester/polyether, and
polyamide/polyether. Other examples include triblock
polymers, wherein the inner block is different from
each of the outer blocks which can be the same as each
other or different from each other. Examples include

30 polyether/polyestgr/polyether, and so forth.
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35 " - 6- 1 of such
functionalities. Mre often, reactants are substituted with the sane
functionalities (e.qg., di acids, diols, diamnes), but they can be
substituted ~ with two or nore different functionalities (e.g., 5

am no acids, hydroxyacids). Preferred exanpl es of

condensati on pol ynmeri zation reactions include reactions which form
pol yesters, polyethers and pol yam des. A is well known, pol yesters
formby the reaction of, for 10 instance, diols wth dicarboxylic acids or
anhydri des t hereof. Pol yam des formby the reaction of, for

I nstance, diamnes with dicarboxylic acids or anhydri des t hereof.

Pol yetherg within the scope of the present invention can be fornmed by
the 15 pilynerization-%ﬁ%Ofkﬁc1¢€ﬁQNﬁ%§ nelgtehes oxieeen one gropyl ene

eact ons. Bl S Ll e T e Y R L nat ed
reactions al so .include such. reac -
pol yet hyl enesl'lg?ﬁ/é(:iorf I mend L&'ac%]ao%ra%n%i o‘go]?/%tﬁ’ o?‘?ﬁ%lnh‘y?)o? veQter of
t he pol yet hyl¥hecaptbyarolatoms through a -'Im(ao.m{y.rrem((wih; rbfhecsomﬁpe of the
pr esent AV gt | sOp € : o Wherein
bl ocks adj50i rﬁlnqrheﬂac %t hg}ﬂ a@%aéfgﬁ?lf%g‘r)%n%ﬁfgp&?@%e%-oé) r@%gn%%%sja?l on
pol yners. Exdiftefomedidey esterifying both carboxylic
functionalities of maleic acid or maleic anhydride

with polyethylene glycol or polypropylene glycol at a
molar ratio of glycol to maleic acid or anhydride of
10 at least 2:1. In such molecules the necessary
ethylenic unsaturation is in the polymeric chain or
chains, in the C,-C,, moiety, or both.
One essential aspect of the process of the
present invention is that the condensation polymer
15 that is obtained contains ethylenic unsaturation, that
is, a carbon-carbon double bond, either in the main
chain of the polymer, or in a moiety or moieties of 2
to 20 carbon atoms linking polymeric blocks, or
pendant from the main chain of the polymer (connected
20 directly to the main chain by a covalent bond, or
incorporated in or pendant from a longer chain which
is itself pendant from the main chain of the polymer),
or both. This ethylenic unsaturation is provided by
carrying out the condensation polymerization with one
25 or more reactants which participate in the
condensation polymerization reaction and which also
contain ethylenic unsaturation. Under conventional
condensation polymerization.conditions the ethylenic
unsaturation survives the condensation polymerization.
30 Of the different types of reactants present (e.g.,
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25 pol yester/pol yam de, pol yester/pol yether, and pol yam de/ pol yet her.

Ot her exanpl es include triblock pol yners, whereipn the inner block is
different from each of the outer blocks which can be the sane as each
other or different fromeach other. Exanples include 30

pol yet her/ pol yester/ pol yether, and so forth. 35

-7- Al so included are nol ecul es wherein one or t wo
pol ymeric chains neeting any of the descgiptions herein i s pendant
froman alkyl noiety containing 2 to 20 carbon atons through a -C(O
N+, -C(OO, or -GO 5 G linkage. An exanple of this type of conpound
IS that fornmed by esterifying both carboxylic functionalities of
mal ei ¢ aci.d or mal ei ¢ anhydri de wi t h pol yet hyl ene gl ycol or

polypropypenedbagtél diok, diamiméarhydrorybamijhgcohndosonFerehci d or
anhydri de of ' I he_ne at

eth%lenic uns%?%rgﬁ?%ﬁéﬁéc%%i¥h%ﬁggﬁgﬁéF c %%%%ﬁg%% Gati §§§$ﬁ%¥eln t he
Clerr]-Cerr]2hbi@¥y2 RPrbbon. of one of the rempbamtsbwpeal aspatl of the

process of ther a pdFeseAtof WEPEI ERahSohBabs t PRe CPOLEPSAL T PPpRY! YITer
5 Thus, for instance, the desired ethylenic
unsaturation can be provided by incorporating into the
reactant mixture an ethylenically unsaturated diacid,
an ethylenically unsaturated anhydride (such as maleic
anhydride), an ethylenically unsaturated diol, an

10 ethylenically unsaturated diamine, or mixtures of any
two or more of such compounds. Depending on the
properties desired of the final product produced by
the process of the present invention, all or part of
the diacid component can comprise ethylenically

15 unsaturated dicarboxylic acid and/or anhydride, all or
part of the diol component can comprise ethylenically
unsaturated diol compound, and all or part of the
diamine component that may be employed can comprise
ethylenically unsaturated diamines.

20 It will be understood that the reactants
present in the reaction mixture, which undergoes
condensation polymerization in the first step of the
process of the present invention, can include one or
more reactants customarily employed in the synthesis

25 of such condensation polymers.

One reactant preferably employed in the
desired condensation polymerization reaction is a
diacid component by which is meant one or more
dicarboxylic acids, one or more anhydrides of

30 dicarboxylic acids, or mixtures thereof.
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15 that is obtained contains ethylenic unsaturation, that s, a

‘car bon- car bon doubl e bond, either in the main chaln of the polyner or
in a noiety or noieties of - 2 to 20 carbon atons |inking polyneric

bl ocks, or pendant fromthe main, chain of the polymer (connected 20
directly to the main chain by a coval ent bond, or I ncorporated in or
pendant froma | onger chain which Is itself pendant fromthe main chain
of the polyner), or both. This ethyBenic unsaturation is provided by
carrying out the condensation polynerization with one 25 or nore reactants
whi ch participate in the condensati on pol ynerization reaction and which
al so contain ethylenic unsaturation. Under conventional _
condensat#on pol ymeri zati on conditions the ethylenic unsat uration

survives the condensat i phisarhexukiomcts ‘é”fa‘% anike aad ¥pes of
reactants pregahtphdhdht 1nvent£ﬁh include aliphatic dlcarb0¥sllc

- 8- 1 diac] d|oJ dr am ne, and so fort t he
et hyl eni cal | éﬁﬁﬁtgéﬁéﬁggnﬁ %é; aromaticr a3 portion of
one of the rmaﬂoxm,add@ lethylemical porinsatwfated eal¥@nyone of the
reactant Byp%ﬁxmrboxylic acids, or mixtures of two or more of

these acids. Preferred are alkyl dicarboxylic diacids

which generally contain 4 to 36 carbon atoms, and

aromatic dicarboxylic diacids which generally contain

9 to 20 carbon atoms. Examples of useful dicarboxylic

160 acids include oxalic, malonic, dimethylmalonic,
succinic, glutaric, adipic,'trimethyladipic, pimelic,
2,2-dimethylglutaric, azelaic, sebacic, suberic, 1,3-
cyclopentanedicarboxylic, 1,2-cyclohexanedicarboxylic,
1,3-cyclohexanedicarboxylic, 1,4-

15 cyclohexanedicarboxylic, phthalic, terephthalic,
isophthalic, tetrahydrophthalic, hexahydrophthalic,
2,5-norbornanedicarboxylic, 1,4-naphthalic, diphenic,
4,4'-oxydibenzoic, diglycolic, thiodipropionic, 4,4°'-
sulfonyldibenzoic, and 2,5-naphthalenedicarboxylic

20 acids. Anhydrides of any of the foregoing are also
contemplated.

Preferred difunctional dicarboxylic acids
include isophthalic acid, terephthalic acid, phthalic
acid, adipic acid, tetrachlorophthalic acid, pivalic

25 acid, dodecanedioic acid, sebacic acid, azelaic acid,
1,4-cyclohexanedicarboxylic acid, 1,3-
cyclohexanedicarboxylic acid, maleic acid, fumaric
acid, succinic acid, 2,6-naphthalenedicarboxylic acid,
glutaric acid, and any of the anhydrides thereof.

30
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5 " Thus, for instance, the desired ethylenic unsat uration

‘can be provided by incorporating into the reactant m xture an

ethyl enically unsaturated diacid, an ethylenically unsaturated
anhydride (such as nmaleic anhydride), an ethylenically unsaturated
diol, an 10 ethylenically unsaturated diam ne, or m xtures of any t wo
or nore of such conmpounds. Depending on the properties desired of the
final product produced by t he procegg- of the present invention, all or
part of t he di acid conponent can conprise ethylenically 15 unsaturated
di carboxylic acid and/or anhydride, all or part of the diol conponent
can conprise ethylenically unsaturated di ol conpound, and all or part
of the di am ne conponent that nay be enpl oyed can conprise

et hyl eni c&l |y unsat ur atAsl ididigatesd, Athe diacid compongnt dan under st ood
that the reacggﬂﬁ;lsj s PRESENE dP {d6ed AL Bl A Gt BV &Y goes
condensati on po ymesrel zlation I n tlﬂelr?% sxte@gt ep of nﬁ]e_ H%lrégghess of the
present i nveMisFELERed RIIHBREWYLIC aciffe SRR cust omarily

enpl oyed i n tdieaHEhesic Zhdd stladhaondasaitie)0l MENsding but
%Fy:rgﬁftzggit Jﬁ’rtsgg&‘la%% ?gop!ifo‘y“%jrjlocipa?tc‘fhj(%'c&?&gﬁe%{ae%sffﬂ?ﬁn?%r?&tg{%ant one or
nor e di cardiaky|dic mexatsic aeldy moraeniantaaird des. oof 3fans dardroxyl i
acids, or mxtwes d NEH -and itadbhic acid, and any anhydrides

thereof, such as maleic anhydride. In general, the

preferred ethylenically unsaturated dicarboxylic acids

10 and anhydrides will contain 4 to 8 carbon atoms but

may contain anywhere from 4 tq 36 carbon atoms.

Diacids wherin the ethylenic unsaturation is
pendant from the principle chain of the diacid are
also contemplated within the scope of the present

15 invention. Examples include any of the foregoing
dicarboxylic acids and anhydrides having a pendant
chain containing 2 to 8 carbon atoms at least two of
which are connected by a carbon-carbon double bond,
such as vinyl, propenyl, butenyl, and the like. One

20 example is 2-vinyl-butane-1, 4-dioic acid.

Diol compounds that can be used in the
present invention include glycols, of which ethylene
glycol is the preferred diol.

In cases where glycols in addition to, or

25 instead of, ethylene glycol are utilized, it is
preferable for them to contain from 3 to 10 carbon
atoms. In cases where glycol ethers are utilized in
conjunction with ethylene glycol in the diol
component, it is preferable for them to contain from 4

30 to 10 carbon atoms. Some represenatative examples of
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-9- 1 The di carboxylic acids that can be used in t he
‘present invention include aliphatic dicarboxylic acids, alicyclic

di carboxylic acids, aronmatic di carboxylic acids, ethylenically
unsaturated al kenyl 5 dicarboxylic acids, or mxtures of two or nore of
these acids. Preferred are al kyl dicarboxylic diacids whi ch generally
contain 4 to 36 carbon atons, and ar-omati ¢ di carboxylic diacids which
generally contain 9 to 20 carbon atbbhs. Exanpl es of useful dicarboxylic
10 acids include oxalic, malonic, dinethylmalonic, succinic, glutaric,
adipic, trinmethyladipic, pinelic, 2,2-dinmethylglutaric, azelaic,
sebaci c, suberic, 1, 3- cycl opent anedi car boxylic, 1,2
-cycloheXﬂnedlcarboxyllc 1, 3-cycl ohexanedi car boxylic, 1,4- 15

cycl ohexahediddaiandhey ithat sambe dlsetfbrléprﬁqm\i%tlon Wity e hal i c,

t et rahydr Ophtﬁﬁﬁé‘asd1@?.aré@{ﬂ£ﬁélfélfcol indngador bpfﬂk%iﬁﬂl&?é bOXY' ic,
1, 4-naphthalic, dlph 4, 4" - dlben20|c |%Wycol3_

t hi odi pr opi oyt 4 L 2 Pr%]f‘?ﬂﬁll‘ﬂi

2, 5- n?pht hal wa}wdii@gyljlz: , 2 ingedidsl -1 Bﬂpﬁg&pa:iﬁédd Idﬁ]];,arw-afhy?a-f or egoi ng
are al so nt.e te err i-functiona

di car boxy'lil cbélgzl nl'p fqﬁ?@%dll%]dplﬁ hedttl'%l %llaso “é‘?‘@p TC#aI I c acid,

pht halic pﬁneﬂﬁqﬂm:kﬂﬂtbuﬁanedmdﬁxnkuﬂﬂbuﬂanﬁd&nli idalic 25 acid,
dodecanedi oi aci{€ g ﬁga? C A .

1, 4-cycl ohex%ne? I car g’f}yl |1c am%( & )d%/ el>?:31enteh 1car b60x lic acid,
mal ei ¢, aci d, hexamaddol, Zd dimathyiZ- et h@(@ﬁfaﬂplﬁm@ne AT boxyl i c
aci d, ol WhRNiched@iba i, any Qydihanmelisamdder eaof 430 35

10 cyclohexanedimethanol, p-xylenediol, and 2,2,4,4-
tetramethyl-1,3-cyclobutanediol.
As the diol component, polyether glycols can
also be used, such as polypropylene glycol having a
molecular weight of 200 to 6,000 (examples of which
15 include “Rezol ED-1000” and “Rezol ED-2000", sold by
Witco Corp.); polyethylene glycol having a molecular
weight of 200 to 6,000 (examples of which include
“Rezol PEG-400" and *Rezol PEG-1000", sold by Witco
Corp.):; and block and random copolymers of propylene
20 glycol and éthylene glycol, having a molecular weight
of 200 to 6,000 (examples of which include “Rezol EPD-
112», “Rezol EPD-225", “Rezol EPD-56", and “Rezol EPD-
28", sold by Witco Corp.) ) |
Preferred ethylenically unsaturated diol
25 compounds contain 4 to 10 carbon atoms. Examples of
such compounds include allyl diglycol, as well as any
ethylenically unsaturated analogs of the exemplary
glycols set forth hereinabove.
Included within the scope of the
30 ethylenically unsaturated diols useful in the process
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-10- - As indicated, the diacid conponent can conpri se
in whole or in part one or nore ethylenically unsat ur at ed
pol ycar boxylic acids, especially di carboxylic acids or their _
anhydrides, including but 5 not limted to fumaric acid, nmaleic acid,
mesaconi c acid, citraconic acid, muconic acid (e.g. trans-trans
muconi ¢ acid) and itaconic acid, and any arhydri des t hereof, such as
mal ei ¢ anhydride. In general, the pieferred ethy] enically unsaturated
di carboxylic acids 10 and anhydrides will contain 4 to 8 carbon atons but
may contain anywhere from4 to 36 carbon atons. Di aci ds
wherin the ethylenic unsaturation is pendant fromthe principle chain
|ated within the scope of the present 15

?Lvtegf i gln:aLCI %ﬁﬁ%ﬁ %l%?sﬁ‘agfgﬂtﬁ%nn&-% hRT ¢ oFReBE ngherein aeboxyl i ¢ acids
and anhydri destHyvempc aupeatiarition £§abﬁe§§ﬂ%aiﬂin@ﬁgﬁﬁggﬁbfgrgggdatonﬁ at
such asvi nyl R RToRE BeEAF Hiom.  rhe) FReTR ianaeC LhnbRe Fuo
2-viny|-butewdiq; grolaps c dRreferred examples IholudenbhgnManEat ﬁgn be
G ycol |15 e rErEren Pl ko e tRELLDEa LY 161 Per IOLRIEP FLEID BT
addi tion to, NEHINIRG 2280040, c2NG| MALE gpgTheTrabby u2i tdzed, carbos
preferabl e foftdmem $@ci08s a4y EEPM 3 HRedi 8RO My droRy PG rohPs CaSeSs
where glycol f§£§¥§ éggifgﬁiézgg égoperate in the formation of the
polyester molecule. Other examples of satisfactory
10  ethylenically unsaturated diols include 1,4-
butenediol, 1,4-butynediol, glycerine allyl ether and
glyceryl monostearate.
If branching is desirable, thén it will be
advantageous to use a branching agent in the
15 condensation polymerizarion reaction. Such branching
agents may contain three or more functional groups,
and they preferably contain three or four functional
groups. The reactive groups may be carboxyl or
aliphatic hydroxyl. The branching agent may contain
20 Dpoth types of groups. Examples of acidic branching
agents include trimesic acié, trimellitic acid,
pyromellitic acid, butanetetracarboxylic acid,
naphthalene tricarboxylic acids and cyclohexane-1,3,5-
tricarboxylic acid. Examples of hydroxyl branching
25 agents (polyols) include glycerin, trimethylolpropane,
pentaerythritol, dipentaerythritol, 1,2,6-hexanetriol
and 1,3,5-trimethylolbenzene. Examples of hydroxy
acid branching agents are 2,2-dihydroxymethyl
propionic acid, 10,11-dihydroxy-undecanoic acid, and
30 5-(2-hydroxyethoxy)isophthalic acid. Generally from 0
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conjunction with ethylene glycol in the diol conponent, it is
preferable for themto contain from4 30 to 10 carbon atons. Sone

Fepresenat ati ve exanpl es of 35 1 glycols that can be
used in conjuction with or i nsteasd of ethylene glycol include

1, 3- propyl ene gl ycol, 1,2-propylene glycol, 2,2-diethyl-1,3-
propanedi ol , 2,2-dinethyl-1, 3-propanediol, 2-ethyl-2- 5 .

butyl -1, 3- pr opanedi ol , 2-ethy|-2-isobutxbzl,3- propanediol,

1, 3-butanediol, 1,4-butanediol, 1,5- pent anedi ol , 1, 6- hexanedi ol ,
2,2,4-trinmethyl -1, 6- hexanedi ol , 2, 4-di net hyl - 2- et hyl hexane- 1, 3-di ol ,
1, 2- cycl ohexanedi ol , 1, 3-cycl ohexanedi net hanol, 1,4- 10

cycl ohexanedi net hanol , p-xylenediol, and 2,2, 4, 4-

tetr amﬁt hyl [ 1t<3|-;cypé@@gﬁan@fii 8l polyol contajF]nin@nglt:&ﬁ‘r%LQ{)eﬁgngfgggf ' havi ng
| yet her col.s can a e used, such as

go ye nnlegu¥%?r9@99$F°%? ngft%e6?ﬁﬁg f%x%ﬁ%l%ggB?g§h9c 98t 'ncl ude

"Rezol ED- 100(based "Weon| tED- 20041, dsol dedyponenty t co Corp.); pol yet hyl ene

gl ycol having a mol ecul fisteadq ¥k 9Ny Ol n 20801 01 8n OP9, (EXERISS YfqWhi ch

I ncl ude ..
5 polyol components, there can be present a diamine

component. One type of suitable diamine is di-amino-
substituted alkyl, and alkyiene compounds, preferably
containing 3 to 8 carbon atoms, examples of which
include compounds analogous to the aforementioned

10  saturated, and ethylenically unsaturated, glycols and
diols, wherein the hydroxyl substituents are replaced
by amino groups.

Another type of suitable diamine is diamine-

substituted polyoxyalkylene compounds, preferably

15 poly {ethoxy} or poly(propoxy) compounds encapped with
aminopropyl groups. Examples of this type of reactant
include compounds generalizable by the formula

20 HZN‘ClH"'CHz-. (o-cﬂz-ﬁi})l “x NHZ
3

known as Jeffamine D230, D400, D2000, and D4000
(previously sold by Texaco Chemical Co., now Huntsman

25 Chemical) corresponding to said formual wherein x is
2-3, 5-6, about 33, and about 68, respectively.

As indicated, condensation polymers useful
in this invention also include bifunctional compounds
such as hydroxyacids and amino acids, which are

-30 polymerized head-to-tail in known manner. Such
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"Rezol-. PEG 400" and "Rezol PEG 1000", sold by Wtco Corp.); and bl ock
arid random copol yners of propylene 20 glycol and ethyl ene glycol, having a
mol ecul ar wei ght of 200 to 6,000 (exanpl es of which include "Rezol EPD
112", "Rezol EPD- 225", "Rezol EPD-56", and "Rezol EPD- 28", sold by
Wtco Corp.) Preferred ethylenically unsaturated diol 25
conpounds contain 4 to 10 carbon atons. Exanpl es of such conpounds
include allyl diglycol, as well as any-14- ethylenically unsaturated

anal ogs of the exenpl ary gl ycols set forth herei nabove. _

I ncl uded within the scope of the 30 ethylenically unsaturated diols useful

in the process 35 . ) vl en -gz;ationl
's prosent | reartnts Wolld hats tdcEhChunnanene  8HIVINRTEREL connect | ng
the two ahsd tgrated. conpdbended emampaésiofgfdﬁrlltheaae@ggitﬂ hing 2 to
20, "and more. HrT SR80 JRSAY 0% tof gphind) (Begekodtols aciarBefol
wher ei n two hikie okike gr oups remai n avail able to cooperate in the
formationZof the The acid component (which, as defined above,
comprises one or more acids and/or anhydrides) and the
one or more reactants destined to react with the acid
or anhydride component are selected so that the
reactants that enter into the condensation
10 polymerization include a sufficient amount of
ethylenic unsaturation so thay the sulfonation which
- occurs in the second step of the process of the
present invention provides a satisfactory degree of
‘water dispersibility in the polymer.
15 Thus, the amount of reactant bearing
ethylenic unsaturation can comprise 1 mol.% to 50
mol.% of the reaction mixture. Generally, the
unsaturated reactant(s) comprise about 1 mol.% to
about 10.% of the reaction mixture. The reactnts are
20 otherwise selected to be approximately equimolar in
relationship to each other with the provisoc that the
component which carries the substituent group
identical to the desired terminal group or groups of
the polymer should be provided in stoichiometric
25 excess. '
Thus, for instance, if it is desired that
the polymer product contains carboxylic terminal
groups, then an excess of the acid component should be
provided. If it is desired that the poiymer should be
30 endcapped with hydroxyl terminal groups, then an
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polyester nolecule. Qther exanples of satisfactory 10 ethylenically
unsaturated diols include 1, 4- but enedi ol , 1, 4-butynediol, glycerine
allyl ether and gl yceryl nonostearate. | f branching is
desirable, then it wll be advant ageous to use a branching agent in the
15 condensation pol ynerizarion reaction. Such branching agents may
contain three or nore functional groups, and they preferably contain
three or four functional groups. " Thgskeactive groups may be carboxyl or
aliphatic hydroxyl. The branching agent may contain 20 both types of
groups. Exanples of acidic branching agents include trinesic acid,
trinmellitic acid, pyromellitic acid, butanetetracarboxylic acid,
napht hal epe tricarboxylic acids and cycl ohexane-1, 3, 5- ._trlcarboxyllc_
acid. Exaﬂpl xSy e dirahcerrernt agfeonkd (pol sapp)iedcl woe gl ycerin,
trimethyl ol proRantther hdifl)! a8 Vidrid Yes LFHENIREL ye% Iaér%%ner

s of hydroxy

1, 2, 6- hexanet r.i ol trimet hyl ol benzene.

and. 1, 3, 5- |
aci d branchi i AgshRe fmdcApbed Wik hyfermingt SHHHRE. dehen
10, 11- di hydr @y -exubsmsrod cineidhamite Abrpdrertty dlyEd hoxydisephedal i c

acid. Generaldy JHAWD pe recé%%ized that for these purposes the
terms “diacid component,” “diol component, “ and

-13-

“diamine component” are intended to include all
components of the reaction mixture whether or not
ethylenically unsaturated. It will also be recognized

10 that to ensure that the polymer is capped with the
desired terminal groups, it may be necessary to
provide in the reaction mixture more than simply a
slight stoichiometric excess of the indicated
component; the degree of excess is tempered, however,

15 by the effect of that excess on the distribution of
polymeric chain lengths formed by the condensation
polymerization.

The condensation polymer can also be one
which contains only one terminal carboxylic acigd,

20 hydroxyl or amino group. For instance, a C,-C; alkoxy
(e.g. methoxy) -capped polyethylene glycol is reacted
with ethylene glycol, acetic anhydride and méleic
anhydride to form a polyester which is capped with a
hydroxyl group and a methyl group, and which contains

25 ethylenic unsaturation. In addition, one can prepare
a polymer that is mono-capped with a desired
functional group by preparing a condensation polymer
which is disubstituted with functional terminal
groups, and then capping one end of the molecule. For

30 instance, a diamine-capped or di-hydroxyl-capped
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1 to 3-percent of a polyol containing from3 to 12 carbon atons w il be

used as the branchi ng agent (based upon the total diol conponent).
tnstead of, or in addition to, the diol and 5 polyol conponents, there
can be present a diam ne conponent. One type of suitable diamne is
di - am no- substituted al kyl, and al kyl ene conpounds, preferably
containing 3 to 8 carbon atons, exanples of which i ncl ude conpounds
anal ogous to the aforenentioned 10 satwgated, and ethylenically
unsaturated, glycols and diols, wherein the hydroxyl substituents are
repl aced by am no groups. Anot her type of suitable diam ne
I's diam ne- substituted pol yoxyal kyl ene conpounds, preferably 15

pol y(et hoxy) or poly(propoxy) conmpounds encapped with am nopr opyl

gr oups. Ei QLYTRAY t¢AR by pecattedaeitinta lowenclOdeLoapkanddic

I bI r r Oe ffam ne D230,
%%SraDIZSSO and 65?1{@ éwi@p{rivﬂ%us Iglgso?% %f %Iﬁgxa é% ‘gg??lcgt;n now
Hunt sman 25 SHHESH QF )aeide esp%Hﬁ?%bS@o %a@%ﬂ#b@%ﬁﬁllwmnc&ppsd 2-3,

5-6, about 3390351@@% z@@ré@@@@&tw@hya (C,-Cy) alcoh6‘§ bedieaie
condensat5on ner s, usef ul I pcl ude blfunctlonal

nventi on 0
conpounds SRR o&?/a%?%soré%oognﬁ% LHQ fear %ﬂ%#%r%c%@ pol yneri zed
head to-tail moiednicash withinean Sitdr or amiBfe.

The reaction mixture is then subjected to
condensation polymerization conditions effetive to
cause the reactants to react with each other to form

10 the desired condensation polymers. In general,
effective condensation polymerization conditions are
readily familar to (and ascertainable by} the
practitioner. It is preferred not to carry out the
reaction in a solution. However, if a solvent is

15 desired, it should be high boiling (i.e. a boiling
point above about 140°C.) Examples of suitable
solvents include DMF (dimethylformamide), DMA (N,N-
dimethylacetamide), xylene and DMSO.

Preferably, the reactant mixture for

- 20 carrying out the condensation polymerization includes
a small but effective amount such as up to about 0.02
wt.% of a catalyst for the polymerization. Useful
catalytic compounds include protonic acids, tin
compounds, titanium compounds and antimony compounds.

25 Typical condeﬁsation polymerization
conditions are provided by exposing the reactants to
temperatures on the order of about 150°C to about
250°C. During the progress of the reaction, it .is
preferred to draw off water of condensation. To

30 effectively carry out the desired condensation
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-14- . reactants woul d have to include sone ethylenically
unsat ur at ed conpounds. Exanpl es of such reactants I ncl ude 6-hydroxy
(or 6-am no) hexenedioic acid, and the like. 5 The acid
conponent (which, as defined above, conprises one or nore acids and/or
anhydrides) and the one or nore reactants destined to react with the
aci d or anhydri de conponent are selécted so that the reactants
that enter into the condensation 10 pol-ywYerization include a sufficient
anount of et hyl eni ¢ unsaturation so thay the sul fonati on which

occurs in the second step of the process of the present invention
provi des a satisfactory degree of wat er dispersibility in the polyner.
15 Thus, the anount of reactant bearing = ethylenic

unsat ur at i%on RahvReRpEREEOR bl 19 PEeferred kel useonitKegrBa&PLi on m xture.

General |y, thpurge thearuaateonrpagtask () oe@ERr tsecabeyt ohtMhe% t O
about 10% of thggreaction m xture. The reactnts are 20 ot herw se sel ected

to be approxi%% Fy equi nolar in rel ationship to each other with the
provi so that the cofthenchainmhilehgthr oremolbeuiabsiveli ghnt ogr edp

I dentical go LI eLuLn u r o] t he pol yner shoul d
be providé% i%BEY%gﬁﬁigﬁ%%r%gbzggggggsgga pgéaﬁgad En t?ﬁuEFOESngnstance,
if it is desieBdth@apresenthingenyien pandfisllcwathinsacaabbeyl wifeer mi nal

PLOURS o T A R Ipetalig SR BORGHAr ALY Rive o prOVIced. 1T T
) molecular weight in the range of about 200 to about
50,000. Thus, amounts and identities of the reactants
10  can readily be tailored to acheive any desired
- molecular weight and distribution.

At the end of the condensation
polymerization, the product can be recovered and
separated from the reaction mixture, or can be

15 subjected to the sulfonation reaction in situ without
first being recovered. ' | '

Sulfonation is carried out by reacting the
polymer under appropriate sulfonating conditions with
a sulfonating agent which comprises one or more

20 pisulfites and/or one or more metabisulfites.
Preferred sulfonating agents are the ammonium and
alkali metal sulfites and alkali metal metabisulfites.
Thus, the more preferred sulfdﬁating agents are sodium
bisulfite and sodium metabisulfite. Other preferred

25 sulfonating agents include lithium bisulfite, lithium
metabisulfite, potassium bisulfite, potassium
metabisulfite, ammonium bisulfite and émmonium
metabisulfite.

Sulfonation should be carried out using a

30 stoichiometric excess of the sulfonating agent,
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30 endcapped w th hydroxyl term nal groups, then an 35 :

- 15- 1 excess of the diol conponent should be supplied. On t he
other hand, if it is desired that the polyner shoul d be endcapped with
am no term nal groups, then an excess of the diram ne conponent shoul d
be supplied. 5 It should be recognized that for these purposes the

ternms "diacid conponent,"” "diol conmponent, " and "di am ne conponent”
are intended to include all conporieht s of the reaction mi xture whet her
or not ethylenically unsaturated. It will -al so. be recogni zed 10 t hat
to ensure that the polymer is capped with the desired term nal groups,
It may be necessary to provide In the reaction mxture nore than

sinply a ht stoichionetri,c excess of the indicated |, conmponent ;
the degret ofad f@gés‘:quoﬁ’e sigofy dhe Peanee F SHWLETIC t hat excess

on the distriubshtwratfion pmeymarm: mimldmddﬁwalﬁd‘m@m@n@r t he

condensati on (¢] t|on ndensati on pol yner can
al so be one T®° e WIJ altrlllse ofrﬂrfg(?r%élgt erorrnl% 5121gcalr%oxyl ic acid,

polymerlzatlon step. The sulfonation is preferably
5 carried out in a suitable solvent such as water.
Satisfactory sulfonation conditions include
maintaining a temperature of about 10°C to about 120°C
for a time on the order of 2-15 hours. The
sulfonation also can be catalyzed by fine air bubbles
10 purged through the reaction medium. BAny peroxide can
also be used as a catalyst in this step, such as
hydrogen peroxide, benzoyl peroxide, t-butyl hydrogen
peroxide, and many others known in this field.
The process of the present invention affords
15 several significant advantages compared to other
processes for producing water-dispersible sulfonated
polymers. In particular, each of the foregoing steps
can be carried out under relatively mild conditions
and are not particularly constrained by the choice of
20 reactants. In particular, a much greater freedom in
choice of reactants is provided, as the reactants in
the condensation polymerization step can be '
polymerized under relatively straightforward
condensation polymerization conditions and the
25 sulfonation step can be carried out under fairly
conventional sulfonation conditions. This freedom in
the choice of reactants is an advantage in that it
affords greater range in the tailoring of the
properties of the final, water-dispersible product.

30
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20 hydroxyl or am no group. For instance, a (err]-Cerr] alkoxy

(é.g. nethoxy)-capped pol yet hyl ene glycol is reacted w th ethyl ene

gl ycol, acetic anhydride and nal eic anhydride to forma pol yester

whi ch is capped with a hydr oxyl group and a methyl group, and which
contains 25 ethylenic unsaturation. In addition, one can prepare a

pol ymer that is nono-capped with a desired functional group by
prepari ng a condensation pol yner whigh is disubstituted with functional
t erm nal groups, and then capping one end of the nolecule. For 30

i nstance, a di am ne-capped or di-hydroxyl - capped 35 1
pol ymer can be reacted with a lower (Cerr]-Cerr]) al kanoic

carboxylii acid to cap one end of the polyner with an ester or am de.
Li kewi se, ~a di car boxyl i ¥ s&44df ebprpedthe abibl yyetocseleetrebeted with a

(Clerr] - Ol er r{dertl ol ofnd Aditdnd @5 dlps o il 991 et 0 cap one of

the two car box ééc aci.d noieties wth an ester 'or am de.

The reaction 1% Hhe (QRETFAAY J%eRteH freedemnirniRePBRORREiMer i zat i on
condi tions eftflsd ipmodess of tlipeIgPrdédent ehgFaid forl iR rykdds&ach other to
form 5 that use the water- dispersible product as an
intermediate in the synthesis of, for example,
polyurethanes by reaction of the appropriately end-
capped polymer with other reactive species such as
diisocyanates or additional quantities of dicarboxylic
10 acids, as the case may be.
The invention will be described further in
the following examples. These examples are intended
for illustrative pruposes, and are not intended to

limit the scope of the invention.

15

20

25
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10 the.desired condensation polyners. In general, effective

‘condensation polynerization conditions are readily famlar to (and
ascertainabl e by) the practitioner. It is preferred not to carry out
t he reaction in a solution. However, if a solvent is 15 desired, it
shoul d be high boiling (i.e. a boiling poi nt above about 140[err]C.)
Exanpl es of suitable sol vents i nclude DVF (di nethyl formam de), DVA
(N, N di met hyl acet am de), xyl ene a-DVSO. Pref erably,
the reactant m xture for 20 carrying out the condensation polynerization
I ncl udes a smal |l but effective amount such as up to about 0.02 wt . %
of a catalyst for the polynerization. Useful catal yti c conpounds
i nclude pyotonic acids, tin conmpounds, titanium conmpounds and anti nony
conmpounds+ 25 Typi cal COE¥éM£&ELén pol ymeri zati on condi tions
are provided by exposing the reactants to tenperatures on the order of
about 150[err] C to about 250][ . pr ogr ess of the
reaction, it is or ef er PGS aPEy-330 nsation. To 30
effectively carr S e et T SRR, . o
-17- 5
Raw Materials: _
1,4-Butanediol 857 grams
1, 6-Hexanediol 1,124 grams
10 Adipic Acid 2,074 grams
Maleic Anhydride 155 grams
Total Load 4,210 grams
Organotin Catalyst 0.30 grams
Water to distill 540 grams
1 Theoretical Yield 3,670 grams
5 Sodium Bisulfite 162 grams
Water 379 grams
Procedure:
A four neck glass flask, equipped with a
20

nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with catalyst, 1,4-
butanediol, 1,6-hexanediol, and maleic anhydride, and
the contents were heated to approximately 80°C.
Adipic acid was added at an appropriate rate for the
25 reaction to proceed under control. The temperature
was increased to 225°C, while the column was kept hot
using steam. The nitrogen and agitation were
increased, as the reaction proceeded, to facilitate
the water removal, but not rapid enough to expel the
30 glycol.
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polymerization it is preferred to use nitrogen to purge the reaction

m'xture in order to carry out the wat er . The chain
ength or nol ecular weight of the 5 polyners that are useful and produced
in the process of the present invention can fall within a rather wife
range; typically, useful polynmers will have a nmol ecul ar weight in the
range of about 200 to about 50, 000. Thus, anounts and identities of
the reactants 10 can readily be tailocgg.to acheive any desired

nol ecul ar wei ght and distribution. At the end of the
condensati on pol ymeri zation, the product can be recovered and

separated fromthe reaction m xture, or can be 15 subjected to the

sul fonatign reaction in situ w thout first being recovered.

Sul fonation is carried The lhydraeacl i valudeand aq'.xbaiyniimﬁbemd@ér@ppr opriate
sul fonatin S n ch, conpri ses one or
9 ldPN5s Wddhea afa SHhd Of) ré%é e #iyéggyﬁurlng, %rred

nore 20 bisu tes and/ or one Or nore abl's
sul fonati ng é@%afﬁtsl% ahadiypredntanteach thaatlieometaicall fites and

| kal i t al |
alkali neta tﬁ rAUIA RS Readtitsn ¢d€ ('EEH F%fré&ﬁb%’tlher pref erred

agents arg sodi u bisulfite and sodlun1net ite

25 sul fonati QFX%KHQHR?W|§4ﬂLﬁﬁ?ﬂ%ﬁﬂﬁlﬂ%ﬂb¢¥t¥ﬁiﬁhed the

nEtabISLHflt(éxghﬁﬁﬁﬁﬂvﬂm¢é§u|flte pot assi um met abi sul fite, ammoni um
bi sul fite and amoni um onation shoul d

bi sul fi
be carried out using a%ﬁ%ﬁ%ﬁ%k‘f’f%?}‘ﬁﬁe t?h?rhec%‘a? nding agent,

35 85°C. The column was replaced with a water condenser
and nitrogen was shut off. A clear water solution of

10  sodium bisulfite was added under constant agitation,
and the temperature was maintained at 75 to 80°C for 8
hours. Vacuum was then applied in order to strip the
water, and reaction was considered complete when the
percent moisture wvalue reached the desired result.

15 fThe final product had a hydroxyl number of 93.6, an
acid number of 0.65, a moisture content of 0.06%, a
viscosity at 40° of 16,300 cps, an active anionic
group of 0.344 meqg/g, and a sulfonation conversion of
88.3%. The polymer, a sulfonated polyester, was

20  dispersed in water very easily, and the dispersed
polyester demonstrated good stability.

25
30
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1 calculated on the basis of the degree of ethylenic unsat uration
present in the condensation pol yner resulting fromthe foregoing
condensati on pol ynmeri zation step. The sulfonation is preferably 5
carried out in a suitable solvent such as water. Sati sfactory

sul fonation conditions include mai ntai ning a tenperature of about
10[err]C to about 120[err]C for a tine on the order of 2-15 hours. The
sul fonation al so can be catal yzed by fir@@-air bubbles 10 purged through the
reacti on nmedium Any peroxi de can al so be used as a catalyst in this
step, such as hydr ogen peroxi de, benzoyl peroxide, t-butyl hydrogen
peroxi de, and many others known in this field. The process of
t he present invention affords 15 several significant advantages conpared to
ot her processes for produci ng waBEAMBLE S2r sj bl e sul f onat ed

polynmers. In particular, each of the foregoing steps can be carried out
under relatively mld condiré ié)ns nd are not particularly constrained
by the choice of “Pﬁ R %1'C,°Ihtﬁ‘§gf‘%%e er freedomin
choi ce of react afft g-Didvdroxyl Cerminaced End Groupsiensation -
pol ynmeri za&aion step can be pol ymerized under relatively straightforward
condensati on pol ynerization conditions and the 25 sulfonation step can be

carried out LﬁgwwMéﬁ%figisz conventional sulfonation conditions. This

freedomin the choice of reactants is an advantage in that it
affords greater range iFRERYEERRi EBYFRY of the pt.ob®7 tyE@MSf the final,
wat er - di spersi bl e produkdipf® aAciad 2,163 grams
10 Maleic Anhydride 156 grams
Total Load _ 3,506 grams
Organotin Catalyst ' 0.30 grams
Water to Distill 562 grams
Theoretical Yield 2,936 grams
15 Sodium Bisulfite 165 grams
Water 660 grams

Procedure:
A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a column, and a
20 thermometer, was charged with catalyst, ethylene
glycol, and maleic anhydride and heated to
approximately 80°C. Adipic acid was added at an
appropriate rate for the reaction to proceed under
control. The temperature was increased to 225°C,
25 while the column was kept hot using steam. The
nitrogen and agitation were increased, as the reaction
proceeded, to facilitate the water removal, but not
rapid enough to expel the glycol.
The hydroxyl value and acid number were

checked as needed, and the loss of glycol during the

30

35



35 . -19 - 1 In
addition, the ability to select the identity of the term nal groups on
t he pol yners affords the operator greater freedomin incorporating
the process of the present invention into processes 5 that use the
wat er - di spersi bl e product as an Intermediate in the synthesis of, for
exanpl e, pol yuret hanes by reaction of the appropriately end-
capped polymer with other reactive spechgs such as di i socyanates or
additional quantities of dicarboxylic 10 acids, as the case may be.
The invention will be described further in the foll owm ng exanpl es.
These exanpl es are intended for illustrative pruposes, and are not
i nt ended EP limt the scope of the invention. 15 20

reaction was adjusted to reach the theoretical hydroxy

value. Reaction was considered complete when the
hydroxyl number and the acid number reached the
expected values.

5 The reactor contents were then cooled to
85°C. The column was replaced with a water condenser,
and nitrogen was shut off. A clear water solution of
sodium bisulfite was added under constant agitation,
and the temperature was maintained at 75 to 80°C for 8

10 hours. Vacuum was then applied in order to strip the
water, and reaction was considered complete when the
percent moisture value reached the desired result.
The final product had a hydroxyl number of 96.6, an
acid number of 1.00, and a moisture content of 0.08%.

15 he polymer, a sulfonated polyester, was dispersed in
water very easily, and the dispersed polyester
demonstrated good stability.
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: Sodi um Sul f onat e- Cont ai ni ng

Pol yesters with Hydroxyl Term nated End G oups 5
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PLE

Sodium Sulfonate-Containing

Polvamide with Dismino Terminated End Groups

Raw Materials:

Jeffamine D-400 * ' 357.2 grams
Maleic Anhydride 30.6 grams
Total Load 387.8 grams
Water to Distill 5.6 grams
Theoretical Yield 382.2 grams
Sodium Bisulfite 32.6 grams
Water 76.0 grams

* (*Jeffamine D-400" has the structure
H,N-CH (CH,) CH,- (OCH,CH (CH,) } _,-NH,) .

Procedure:

A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with Jeffamine D-400 and
maleic anhydride. The temperature was increased to
200°C, while the column was kept hot using steam. The
nitrogen and agitation were increased, as the reaction
proceeded, to facilitate the water removal.

Amine value and acid number were checked as
needed. Reaction was considered complete when the
amine number and the acid number reached the expected
values.

The reactor contents were then cooled to
85°C. The column was replaced with a water condenser,
and nitrogen was shut off. A clear water solution of
sodium bisulfite was added under constant agitation,

1



Raw Mat.eri al s: 1, 4- But anedi ol 857 gr anms 1, 6- Hexanedi ol

1,124 grans 10 Adipic Acid 2,074 gr ams Mal ei c
Anhydri de 155 gr ans Total Load 4,210 gr ans
Organotin Catal yst 0. 30 gr ans Water to distill 540

grans 15 Theoretical Yield 3,670 gr ans Sodium Bisulfite

162 grans Wat er 379 grans Procedure:

A four neck glass flask, equipped with.a520 nitrogen inlet, a stirrer, a
colum, and a t hernoneter, was charged with catal yst, 1, 4-

but anedi ol , 1, 6-hexanedi ol, and mal ei ¢ anhydride, and the contents were
heated to approximately 80[err]C Adi pic acid was added at an
appropriate rate for the 25 reaction to proceed under control. The

t enper at ufe and vkke i temperature PaS[mailaindd| &t the col 80TC visr kept hot
using steam ﬂgﬁkgﬂtr@gky&n@qg?%g£%§%L YELE in %£§@%g egtrgg the reaction

proceeded, to facilitate L er-renoval, raprd enough to
expel the 30W§§Q§M_and reaggion was considered complete when the

percent moisture value reached the desired result.

5 The polymer, a sulfonated polyamide, was dispersed in
water very easily, and the dispersed polyamide
demonstrated good stability.
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-21- 1 The hydroxyl value and acid nunber were checked
"as- needed and the | oss of glycol during the reaction was adjusted to
teach the theoretical hydr oxyl val ue. Reaction was consi dered conplete
when 5 the hydroxyl nunber and the acid nunber reached the expect ed
val ues. The reactor contents were then cooled to
85[err]C. The colum was replaced with a water condenser and nitrogen
was shut off. A clear water solution of280 sodium bisulfite was added under
constant agitation, and the tenperature was maintained at 75 to
80[err]C for 8 hours. Vacuum was then applied in order to strip the
wat er, and reaction was consi dered conpl ete when the percent noisture
val ue reaihed the desired result. 15 The final product had a hydroxyl
nunber of ©93.6, an aci d number SXBMBEIE 45 noisture content of 0.06% a
viscosity at 40[err] of 16,300 cps, an active anionic group of 0.344
nmeg/ g, and a sul fonati0 LCONVer i on . of a sul fonated
|

pol yester, was 20 di ,éﬁg gersed
pol yester denonstr 9]0 0 o
5
Raw ia
Diethylene Glycol 1,394 grams
Adipic Acid ' 2,082 grams
Maleic Anhydride 171 grams
10 Total Load 3,647 grams
Water to Distill 448 grams
Theoretical Yield 3,200 grams
Sodium Bisulfite 181 grams
Water 726 grams
15
Procedure:
A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a column, and a
0 thermometer, was charged with diethylene glycol and

maleic anhydride and heated to approximately 80°C.
Adipic acid was added at an appropriate rate for the
reaction to proceed under cont}ol. The temperature
was increased to 225°C, while the columh was kept hot
using steam. The nitrogen and agitation were
25 increased, as the reaction proceeded, to facilitate
the water removal, but not rapid enougﬁ to expel the
glycol.
Hydroxyl value and acid number were checked
as needed, and the loss of glycol during the reaction
30 was adjusted to reach the theoretical acid value.

35



35 - 22- 1

EXAVPLE 2 Sodi um Sul f onat e- Cont ai ni ng .

Pol yesters with Di hydroxyl Term nated End G oups 5 - Raw Materi al s:
Et hyl ene d ycol 1,187 grans Adi pic Acid

2,163 granms 10 Mal ei ¢ Anhydri de 156 grans

Total Load 3,506 grams Organotin Catal yst
0.30 grans Water to Distdigd- 562 grams
Theoretical Yield 2,936 grans 15 Sodium Bisulfite
165 grans Wat er 660 grans
Procedure: A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a colum, and a° t her nonet er, was charged

wi t h cat al‘yst Reachjpanwas cogisiideredacdmpiletiec wheny dihied yadirbxydat ed 't o
appr oxi mat el yngRbet’ hha AHePheidCndmpRt 24defed! tA2 expected
values.
The reactor contents were then cooled to
5 85°C. The column was replaced with a water condenser,
and nitrogen was shut off. A clear water solution of
sodium bisulfite was added under constant agitation,
and the temperature was 'maintained at 75 to 80°C for 8
hours. Vacuum was then applied in order to strip the
10 water, and reaction was considered complete when the
percent moisture value reached the desired result.
The final product had an acid number of 95.0, an
active anionic group of 0.464 meq/g, and a sulfonation
conversion of 86.4%. The polymer, a sulfonated
15 polyester, was dispersed in water very easily, and the
dispersed polyester demonstrated good stability.
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appropriate rate for the reaction to proceed under cont ﬂlﬂlmu lllﬂﬂllll”“l
tenperature was increased to 225[err]C, 25 while the col um

usi ng steam The nitrogen and agitati on were increased, as the rehctdon
proceeded, to facilitate the water renoval, but not rapld enough to
expel the glycol. The hydroxyl value and aC|d nunber were 30
checked as needed, and the | oss of glycol during tffe=

- 23- 1 reaction was adjusted to reagh the the rEﬁﬁiﬁhEEﬁyﬂﬁbﬁﬁEN

val ue. Reaction was consi dered conpl ete when the hyoﬁ’é&ﬁ,ﬂcmnber nd

t he aci d nunber reached the expect ed- val ues. 5 act or
contents were then cooled to 85[err]C. The colum was replaced with a
wat er condenser, and nitrogen was shut off. A clear water solution of
sodi um bi sul fHHATWES AUAFMEDNEE: constant agitation, and the

tenperature was maintai ped ﬁtgzéﬁEQSBQEgr?LSEL reagggéﬁ WaV'acuumwas

then applied in order to st s consi dered
conpl et e whendifgersibler pehymesi soupsisinge reached the desired result.

(a) forming an ethylenically unsaturated
polymeric precursor terminated at one or both ends
thereof with a functional group selected from the
group consisting of -OH, -NH, and -COOH; by
condensation polymerization of reactants capable of
undergoing condensation polymerization, wherein at
least one of said reactants contains ethylenic
unsaturation; and

(b} sulfonating said ethylenically
unsaturated polymeric precursor by reacting it with a
sulfonating agent under conditions such that said
sulfonating agent reacts with said ethylenic
unsaturation and sulfonates said precursor.

2. A process according to Claim 1 wherein
said sulfonating agent is selected from the group
consisting of bisulfites, metabisulfites, and mixtures
thereof.

3. A process according to Claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyester. )

4. A process according to Claim 3 wherein
said ethylenically unsaturated precursor polymer is
terminated at one or both ends thereof with the same

This Sheet Has Been Re

WA fill




1100, “and & ol Sture content of 0.08% 16 The pol ymer aa;;mummnunn ||III ll lIlI
pol yester, was dispersed in wat er very easily, and the dlsp%rs da”

pol yest er denonstrated good stability. 20 25 30 35
« 24- : ,

-29-

functional group selected from the group consisting of
-OH and -COOCH.

5. A process according to Claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyamide.

6. A process according to Claim 5 wherein
said ethylenically unsaturated precursor polymer is
terminated at one or both ends thereof with a
functional group selected from the group consisting of
-OH, -NH, and -COOH.

7. A process according to Claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyether.

8. A process according to Claim 7 wherein
said ethylenically unsaturated precursor polymer is
terminated at one or both ends thereof with a
functional group selected from the group consisting of
-OH, -NH, and -COOH.

9. A process according to claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyester formed by condensation
polymerization of a diacid and a diocl one or both of
which are ethylenically unsaturated.

: This Sheet Has Been Re ﬂ
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Sul' onat o va SLIMIIHIIIII II!IIJII JHIII
Sul'f onat e- Cont ai ni ng Pol yam de with Diam no Termn I

5 Raw Mat eri al s: Jef fam ne D400 *
gr ans Mal ei ¢ Anhydri de 30.6 grams Tot aI
toad 38789rams Water to Distill

5.6 grans 10 Theoretical Yield ap. 2 gram;
Sodi um Bisul fite j §§"%S @E@%BEE&
76.0 grans * ("Jeffam ne D 0"

Herr]NNCH(CH err])CH err] - (OCI-l[err]Cl—l(Cl—l[err]) Ylerr]- NH[err]). 15
Procedure: A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a colum, and a t her nonet er, was charged
with Jeffanmine D 400 ant0: A PFPRP2S RCGArdirg theclaipel @Ur2 was

i ncreased to wierO0] esdid, euﬁyi@nié@lwlﬁw&hm?amtpctﬁwﬁag Stga(rjn tThe_
ni t rogen andaltatlon were i as the reaction pr oceede 0
facil ?t ate tf%xg% nyam& formed by cRNAERSALEOR acid number

wer e checked pxslymermttmh @atdﬁcﬂﬁ%ﬁ@@l@b&rﬁh@%@é&bﬁ wéER the 25

ani ne nunber an e val ues.
The reactor contents \;\a%l'r‘% Wé o?gﬁ%ﬁgat% 1C. The col um was

replaced with a water condenser, and ni-trogen was shut off. A clear

wat er sol ution of 30 sog Uk biskk&dd CadESrELIPCINRI1£ONSSAY agi Tati on,

wherein said ethylenically unsaturated polymeric

precursor comprises two or more blocks, each of which
is a polymer selected from the group consisting of
polyesters, polyamides, and polyethers, which blocks
are either bonded directly to each other or are each
bonded through a -C(O)NH-, -C(0)O- or -0O- linkage to
an intervening moiety codntaining 2 to 20 carbon atoms
which is saturated or contains ethylenic unsaturation;
provided that blocks which are bonded directly to each
other are of types different from each other.

12. A process according to Claim 11 wherein
said polymeric precursor comprises a polyester block
and a polvamide block.

13. A process according to Claim 11 wherein
said polymeric precursor comprises a polyester block
and a polyether block.

14. A process according to Claim 11 wherein

said polymeric precursor comprises a polyether block
and a polyamide block.

i liu
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and reaction was consi dered conpl ete when the percent noi stute wal'ues *
reached the desired result. 5 The polyner, a sulfonated pol yam de, was
di spersed in water very easily, and the dispersed pol yam de
denonstrated good stability. 10 15 20
-31- W THIS SHEET HAS BEEN \
REPLACED

15. A water-dispersible polymer prepared by
the process of any one of claims 1-14.
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1 EXAMPLE 4 Sodi um Sul f onat e- Cont ai ni ng
Pol yest er wi th Di carboxylic Acid Term nated End G oups 5
THIS SHEET HAS BEEN
REPLACED
-32-
1 B T OF THE D E

Disclosed is a process for producing water-

dispersible polymers, particluarly condensation

5 polymers such as polyesters, polyethers and
polyamindes, by forming an ethylenically unsaturated
polymeric precursor by condensation polymerization of
reactants including ethylenically unsaturated
reactants and then sulfonating the ethylenic

10 ynsaturation of said polymeric precursor by reacting
it with a sulfonating agent such as bisulfite,
metabisulfite, or a mixture thereof.

15
20
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Raw Mat eri al s
Adi pic Acid
1171 granms 10
Water to Di st
3,200 grans
Wat er

four neck gla
"colum, and a
mal ei ¢ anhydr
-added at an a
The tenperatu
hot using
reaction proc
enough to exp
nunber were c

: Di et hyl ene G ybol_ 1.394_grans

de

2,082 grans E@HE KEEDhydr i
Total Load REPLA ,u~7sgr ne
i1 448 graps Theoretf{chl Yield

19 FEB 198 g} alrs
Procedure:
rogen inlet, a

Sodi um Bi SUTTite
726 grans 15
ss flask, equipped with a ni

rrer

t hernoneter, was charged w t ol and
| de  ghctaahag ' '

pproprrate
re Was R ReYERGEE

eeded, to i Ipdedent invdrecio ereYatewalo wakemot rapid
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reaction 30 wakisngusitde tpelvesiienthe ndlammides|andipblygihers as
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well as copolymers thereof.

Polyester resins, as well as polyamide and
polyether resins, find use in a variety of
applications, including coatings, paints, adhesives,
and the like. Such resins are typically soluble in
organic solvents, and exhibit little if any solubility
in agueocus solvents or in systems in which water and a
second water-soluble are empld&ed. Organic solvent-
based resin solutions have thus typicaliy been the
vehicle of choice for use in forming coatings and the
like of the resins. However, many organic solvents
commonly used in conjunction with such resins present
environmental problems associated with their toxicity.
There has been a growing concern based on the effects
of such organic solvents on the environment, as well
as on the long-term health of individuals who come
into contact with such solvents. There has,
therefore, been a growing interest in the use of
agqueous resin compositions as a means of eliminating
toxicity problems associated with organic solvents,
and as a means of complying with governmental edicts
with respect to éhe use of such solvents.

Examples of aqueous polyester. and other
resin diépersions are known in the art. The
dispersion of the resin into the aqueous medium has
customarily been achieved through the use of

d
35
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colum was kept
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&9, PON %e under control.
steam The nitrogen and agitation were I ncreased, as the



ool A ¥
-27- . 1 Reaction was considered conpl ete é?ézééggﬂﬂgﬂﬁ nunber
and the acid nunber reached the expected * jvdl ues. The
#eactor contents were then cooled to 5 85[err] . TSeFEBI988 Was$ repl aced
with a water condenser, and nitrogen was jshut off. A cl ear {water
sol ution of sodi um bi sulfite was added urfder constant agitdtion,
and t he tenperature was mai ntained at 75 to 80ferrl.C.for. 8 hour s.
Vacuum was t hen applled in order to strgp-the 10 water, and reaction was

" consi dered caogm

ofs] i & hed the desired

result. - active
-ani oni ¢ gr oup2% '.‘l“ Aelatx R AL | et erbn of 86. 4%
The pol yner, T RAEE RS mas dlspersed in water very easily,
and the i 311§ DREDI | 1 20

25 30

Disclosed is a process for producing water-
dispersible polymers, particluarly condensation
5 polymers such as polyesters, polyethers and
polyamindes, by forming an ethylenically unsaturated
polymeric precursor by condensation polymerization of
reactants including ethylenically unsaturated
reactants and then sulfonating the ethylenic
10 ynsaturation of said polymeric precursor by reacting
it with a sulfonating agent such as bisulfite,
metabisulfite, or a mixture thereof.
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1. A process for producing a if R - e Sl G

(a) f'orming an ethylenically unsaturated pQIynerIRE AGE&E@@TSHEEi ated at

one or both ends thereof with a functional groupis e} group

consisting of -OH, -NHerr] and - COOH, by conden$a1 tj on of

nononeri c reactants capabl e of .undergoi ng condensaiio ty on,
i

wherein at | east one of said nononeric.pgactantsjc
unsaturation, provided that if said precursor isja polyester then §t is
formed by condensation pol ynerization of -an ethylEnrcarty-unsaturat ed
diacid and an ethylenically unsaturated diol; and (b) sulfonating
said ethylenically unsaturated polymeric precursor by reacting it with a
sul fonating aggAtr mgderACHROI £8ens such that said sul fonating agent reacts

with said ethylenic unsg{urg}b%gcegg gyl 89%&82138'9 pLesyrsor.
dispersible polymer comprising :
(a) forming an ethylenically unsaturated

polymeric precursor terminated at one or both ends
thereof with a functional group selected from the
group consisting of -OH, -NH, and -COOH; by
! condensation polymerization of monomeric reactants
A capable of undergoing condensation polymerization,

wherein at least one of said monomeric reactants
contains ethylenic unsaturation, provided that if

said precursor is a polyester then it is formed by

condensation polymerization of an ethylenically
unsaturated diacid and an ethylenically unsaturated
diol; and

{b) sulfonating said ethylenically
unsaturated polymeric precursor by reacting it with a
sulfonating agent under conditions such that said

sulfonating agent reacts with said ethylenic
unsaturation and sulfonates said precursor.

2. A process according to Claim 1 wherein
said sulfonating agent is selected from the group
consisting of bisulfites, metabisulfites, and mixtures
thereof.

3. A process according to Claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyester. )

4. A process according to Claim 3 wherein
said ethylenically unsaturated precursor polymer is
terminated at one or both ends thereof with the same



2 A process according to d ai mmﬁﬂ Lng..agent |
~sel ected fromthe group consis A&ﬁﬁgﬁNﬁ‘ﬂﬁﬁgTand
m xtures thereof. 3. A process accor i &b I=pr | 2

wherein said ethylenlcally unsat urated polynericip éﬁ2§§£ s a po yester.
4. A process according to Caim3 wherein said efhyl Ryiﬂhsaturated
precursor polymer is termnated at one or both ehd f..withithe same

- 29- functional group selected frongbhe grouE consi sting of -EH and
- COOH. 5. A process according to da +-sai d
ethylenically unsaturated polyneric precursor is a polyam de.

6. A process according to Caimb5 wherein said ethylenically unsaturated

precursor polyner is ternmnated at one or both ends thereof with a
functional gr6upcsébeeledrbnpnsehecgedupromnthet gngupf consisting of

-OH and -COOH.

5. A process according to Claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyamide.

\ 6. A process according to Claim 5 wherein

ot said ethylenically unsaturated precursor polymer is
terminated at one or both ends thereof with a
functional group selected from the group consisting of
-OH, -NH, and -COOH.

7. A process according to Claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyether.

8. A process according to Claim 7 wherein
said ethylenically unsaturated precursor polymer is
terminated at one or both ends thereof with a
functional group selected from the group consisting of
-OH, -NH, and -COOH.

9. A process according to claim 1 or 2
wherein said ethylenically unsaturated polymeric
precursor is a polyamide formed by condensation
polymerization of a diacid and a diamine one or both
of which are ethylenically unsaturated.



\_mO;T el- EH[szlr (r:I] e?ESI eﬁlot?z;ll ly u m“ ‘mﬁmlumwm ?;S Egé;r dqiNr-]rIqwit; ,Clag: ;/netlhgﬁ. ’

8. A process according to Clai™m7 wheréin’said e vk} bl Wgaturated
precursor polyner is terminated at one or both ers thereof W { hia
ti

functional group selected fromthe group consi §tifngO@MARYE92 NH krr] and

~ COCH. 9. A process according to cliaiim 1 _or 2 whereih said
ethyl enical ly unsaturated polyneric prggursor iis a polyam de forped by
condensation polynerization of a diacid and a h of which
are ethylenically unsaturated. - 30-

10. A process according to CGaiml or 2 wherein said ethylenically

unsat urated pol yneric precursor conprises two or nore bl ocks, each of which
is a polymer sel ected ﬂmqwmtb@o@b@&pa@mwﬁdih@ngcotladhyeskﬁfSa pol yani des,

and pol yet her ich _Blo e .ei_ther bon ctl o ;each other or
are each bonH@greﬁPoﬁaﬁd %ﬁﬁgl) c Hq éﬁﬁdiPQHgﬂf

precursor comprises two or more blocks, each of which

is a polymer selected from the group consisting of

polyesters, polyamides, and polyethers, which blocks

are either bonded directly to each other or are each

bonded through a -C{(O})NH-, -C{0)0- or -0- linkage to

an intervening moiety containing 2 to 20 carbon atoms

e’ which is saturated or contains ethylenic unsaturation;
provided that blocks which are bonded directly to each
other are of types different from each other.

11l. A process according to Claim 10 wherein
said polymeric precursor comprises a polyester block
and a polvamide block.

12. A process according to Claim 10 wherein ;
|
said polymeric precursor comprises a polyester block
and a polyether block.

R 13. A process according to Claim 10 wherein
said polymeric precursor comprises a polyether block
and a polyamide block.



s

an intervening noiety contalnl ﬂlm” l ﬂﬂﬁl HH atons which is saturated or
bl o [ e bonded

‘contalns et hyl eni ¢ unsaturatio
RINIACEMENT SHEET

directly to each other are of types different fro
11. A process according to Caim 10 wherein said -GS
12§ A
ppﬁ%ﬁﬁgdwgﬁonprises a

conprises a polyester block and a pol yam de bl ock.
pr ocess according to Caim 10 wherein said pol yner

pol yester bl ock and a pol yet her bl ock. 13—-A.pracess ag¢cordi ng
to Claim 10 wherein said polyneric precu%sor conpiii ses a pol yet her pl ock
and a pol yam de bl ock. 34

14. A water-dispersible polyner prepared by the process of any one clains
1-8 or 10-13.

14. A water-dispersible polymer prepared
by the process of any one claims 1-8 or 10-13.




