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-1- FUNCTI ONAL GROUP TERM NATED PQOLYMERS

CONTAI Nl NG SULFONATE GROUP VI A POLYMERI ZATI CJ\I9 g:SSLEJVI?CF;O\IA BT 3 -
MONOVERS The present invention

di spersi bl e polyners, and nore particularly §§k§%§§uRﬁa§9 °€Bg}?Fble

pol yesters, polyam des and pol yethers as wel | as copol yners thereof.

Pol yester resins, as well as polyanlde and polyether resins, find use in
a variety of app| BUNGTXON UR|| TR ATH OL¥NERS, adhesives, 10 and

the |ike. Such reS|ns kAyyani ¢ sol vents, and

exhibit Hittle if - ‘ v ' 3 QNATE QMERSOr in systens in
whi ch water and a second mater-soluble solvent are enployed. Organic

sol vent - based resin &hbubr@@%nhaﬁﬁvbh&iobymexﬂdes heewalter-he vehicl e of
choice for use in %?rn1n coat i ngs t he |i.ke.of .the resins.

However, nHRyPEFGARLE PO YE‘&F\?engé‘da B‘r‘ﬁJF(?nP;?r&Ea”waﬁlé’orﬁ Ut@SH with such
resins dpspeestiibdev pedyesiteas , p pollvamd dess anidaped vethenshas

tOX|C|tyE5 VQ?&GaQaEOPEQQm%rQrQW%E%O&Oncern based on 20 the effects of such
Y

organi c solvents on environment, as well as on the long-termhealth
of i ndi vi dual s wh8O3uRs tieat &esdmsacBswwelt Ls @h Pedmasride and There has,

therefore, pBQ?@tﬁeﬂ'r Qwsriasl ntf&h@Shslen i@ vard¥yologaqueous reésin
conposi tions a |n1natae% tOXIQIty prgﬂ}ens associated with

or gani ¢ a?Bﬂ&EﬁFéonénd1&§1&d&§§h§°@F Bl PR S§F RS nment a
edi cts _w t Andeghecllike.t hGudhe refsingclare ﬁyyroaﬂmy soluble in Exanpl es

of aquddls ;pel ¥&3' §61988:8. "Sha et L4RRTSHP 0ndy SR ey the art.
: in aqueous solvents or in systems in which water and a
second water-soluble solvent are employed. Organic
solvent-based resin solutions have thus_tYpically 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

15

present environmental problems associated with their
toxicity. There has been a growing concern based on
the effects of such organic solvents on thé '
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 aqueous resin compositiéns as a means of
eliminating toxicity problems associated with organic
solvents, and as a means of complying with
governmental edicts with respect to the use of such

20

25

solvents. _
Examples of aqueous polyester and other
resin dispersions are known in the art. The
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35- -2- di spersion of the resin
into the aqueous nediumhas 1 customarily been achieved through the use of
di spersing or emrul sifying agents such_as noni onic or ionic surfactants.
However, the use of surfactant- st4bi | i zed aqueous resin dispersions is
far fron1 5 desirable, since a proportion of free surfactant can be
carried through to the final product, which can result in a dimnution

of the des red g% éfegh§ore 1Bhfngbn%hep5§ggghs medl ha The prior

art has th % %? Or porat 6 ot es directT™y Pt o the pol yrner
mol ecul & mbushomarmlﬁsbgeaaaehlaﬂeérthrspehstbelus# od the pol ymer .

ypically. g éfs%{;eazﬂamﬁﬂg@kwn 2G8RELYBREL7 LI ABndbrd@er - Sl uble or

wat er - G EREFeIBY e Cofononer togef nonomers 15 whi ch
react togeipeictaurbaatanksdesHpwaves)ykbe usenﬁﬁeéHFéacFQQFcal of this

approach igtdh$)iFagesudBus rediR6diffdrsiBhehidi 5@@&%@%0' ymerization
of an aromatic_sulfonate noiety in the_s

nt hesi s of .t desired
pol yest 8r gesikapleppsince a Proppriigp 86p¥658h§§r§PEtBP§CF5§bd in US.
PagethNg bﬁh@aﬁrgaa thkéhgﬁatenthébf1ﬂa91@r83?ctandh1chUcSn Pat ent - No.
4,97 5 | se, ot t l,ques _f.or rzing a
sul f onat e-¥59 f{jm:h%n%r lml]aﬁl S Vf ﬁfi fi% 58&%?8\%%%'@% Zfls formed from

its 25 nnnﬁherfrnabnprodwehts These techni ques require very hi gh
reacti on te”peratUref%eﬁﬁf%S?SaEQePQEOEﬁﬁé QEtEH?ted Rppesent i nventi on can

be carried out at ess energy-i ntensive conditions
t hensellQesincorporate mOlqhéeﬁrﬁéreﬁFiYabBFQaéhetEOQHEGEbJectlve of 30

i ncor por atphfedu @t 9hi&hSREESHALegPBAGEY WAtert Bespersibility to
the polymer. Typically, these attempts involve
copolymerization of a water-soluble or water-
dispersible comonomer together with the other monomers

15 which react together to form the desired polymer
molecule. 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. '

20 Similar approaches are disclosed in U.S.
Patent No. 4,525,524, U.S. Patent No. 4,910,292, and
U.S. Patent No. 4,973,656, which disclose other
techniques for copolymerizing a sulfonate-type monomer
directly into the polymer when it is formed from its

25 monomeric constituents. These techniques require very
high reaction temperatures, whereas the process of the
present invention can be carried out at much milder,
less energy-intensive conditions themselves.

The prior art approach to the objective of

30 incorporating a water-dispersible moiety into the
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35 . - 3- pol ymer nol ecul e has ot her
drawbacks in addition to 1 the severe reaction conditions. Notable anong

t hese is the fact that under such severe reaction conditions, the

pol ymer easily deconposes and/or is=-3- converted to a yellow sh or dark
product. This 5 deconposition is difficult to control or elimnate.

Al so, aromatic sul fonates can cause 1, 4-butanediol, which is ordinarily

a preferred reactant tao b converted to tetrah pf uran; and can cause
di et hyl en@OLYRRE fple ﬁ@s ‘%‘EF Radksntn %&éb‘é 1eBnt8rted to 10
di oxanep E@&mﬁerﬁemmwwnm OchbiEmole anonggthesdity of the

aromati ¢ sul f.gnat Bat ve sirable as they |ead

to | osses Tof the ﬁeae(ft Otkﬂadt q'grb%%%a%?é}f %$ %%%{F_’f&gs of the product.

It is al scsccmdlfhmns tthe ctem‘tymeyr s@asslsacdmgmmw -anéd/drspersible, e.g.

sul f onat e-Naskbt &P f%P or Ca4ri® g@@éyllyTﬁpgolynerlze with the
rn1t e

ot her cormnorrers to sired co ymeric £roduct The

reacti dn mm%ﬂst%%tl%é%bﬁ%l%'és%%r‘iplﬁ@l OEoR5iRERAESA- by t he

add't'0”a|AlG.§BTDmaﬁr@5§IEﬁor§é!§$s 28a1t hedud@r shes - peeghéqiotpndi tions are
of ten reqU|re %EH are.jn turn pore difficult to contro

The preserit high, it irinathlig iReRtere rea%?ﬂalil?rprB‘ae]Betechnl que for

form ng vvaicﬁfvéirtséaartﬁo il et rahypt yfera; rasd NSan pestse ullbetyleaens fornmed
by 25 cond%psatlon nerl églon uch est.ers agbdes and

oly
polyether§'Xﬁﬁkﬁ1q 5t rea$ BVeﬁoé%%ec%?V%ggéétlon nor e
sat i sfE®t @ipoxsrsd ds These nqoroweacs jonp evddws Yacahsasofiesheabl y |ight col or

of pol S P ﬂqilw yc.?f hale QLD QY1 £ShSed NVeBbERNSuch

conversions are undesirable as they lead to losses of
yvield and to unsatisfactory properties of the product.
It is also diff;cult to identify satisfactory water-

15 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 present, such

o0 that harsher reaction conditions are often required
that are in turn more difficult to control.

The present invention is thus directed to
an improved technique for forming water-dispersible
polymeric resins,'particularly resins formed by

25 condensation polymerization such as polyestefs,
polyamides and polyethers, which technique affords
improved ease of operation, more satisfactory yields,
improved properties (such as desirably light color of
polyesters and polyethers produced by this invention),

30 and offers a greater variety in the selection of
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30 and offers a greater variety in the sel ection of 35

+4- reactants and in the range of properties of the 1 products that
can be obt ai ned. The present invention is further directed to
an inproved process for obtaining such-water- di spersi bl e pol yners

whi ch can be used as final 5 products or can be used as internediates for
t he subsequent fornul ati on of other polyneric derivatives such as
pol yur et hanes. One aspect of the present i nvention is a

process forSFCERESHGNY idt dheiraneasiaf SrsRsntees P dhft i sing: (a)
sul f onatl ngredueitsy Itéiaitc any be obtdaidd.at ed nononeric precursor which has

no aronmatic ri ngﬂ%dngggﬁ%glt I S svubﬁ__t | tut ed g at c1east'_ﬁﬁ¥\ot_r roups
on

sel ected fromthe group to form
a sul fonat & m@@‘medcpmo@@mscﬁor @zbcta(ﬂm)ln:gS suedc twatgersai d sul fonat ed

TONOMEr| C g SEUESAL1Y Hoidmers YHIWAC U Be SRANAJTEIGH capabl e of

under goi ng condensat i on pol yneri zation w sal d sul fonated
nonomer iT BrEEUFESr OTuRd@dr beondied @fs inferagddatesaif@r theprecursor and

sai d seconeuﬁeegﬁehtu HS MY atQ e BFA DL HR 2 PR YN FiriVatives
Preferably, sul onat| n |s carried out wi th a sul fonating agent

sel ected fFB & BPodY |st|ng of bisulfites, netabisulfites, and
m Xt ures t her eof , Onedespeandicfi ¢he @u@hehhahnv@nirmﬂ'henailng 25 agent

sul f onat e.sgg_aegs@v@e@%&%dwc%w 30 baltlr-338He 151 S HoiGhiL, St Y1 eni o

unsat urati .
10 comprising: (a) sulfonating an ethylenically

unsaturated monomeric precursor which has no aromatic
ring and which is substituted with at least two groups
- selected from the group consisting of -OH, -COOH and -
NH,, to form a sulfonated monomeric precursor; and (b)
15 reacting said sulfonated monomeric precursor with a
difunctional second monomer capable of undergoing
condensation polymerizatien with said sulfonated .
monomeric precursor, under conditions whereunder said
precursor and said second monomer undergo condensation
20 polymerization. i
Preferably, said sulfonation is carried out
with a sulfonating'agent selected from the group
consisting of bisulfites, metabisulfites, and mixtures
thereof, under conditions such that said sulfonating
25 agent sulfonates said monomeric precursor by reaction
at said ethylenic unsaturation.
Optionally, the monomeric precursor is
simultaneously sulfonated and end-capped with a
difunctional precursor to form a sulfonated,

30
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Optionally, the nononeric precursor is si mul t aneously sul fonated and
end- capped with a di functional precursor to forma sulfonated, 30

35 - 5- di functional "dinmer" which
i s capabl e of undergoing 1 condensat-iSon pol ynerization in step (b).

The pol yneric product can be all of one type of polymer, or can conprise
two or nmore (preferably up to four) blocks each of which is a polyester,
a 5 polyanide, or a polyether, wherein the blocks are ei t her bonded
directly t®ifeRetbe timer” cubich iporrRaPlerefighnderePeitH-, -Cc(O O or

-0 |inkaggodd@ensaioh HEIyREr NEaed by | imoseéy @oNtaining 2 to 20 carbon
atons which is saturated or contains &th{lenic 10 #gsagurati n grovided
3 5%, gl bR

that adjacent bl ocksTBBrRRHMEIHF (RED CRARE o7 r 81y of pol ymer
di fferent of poDymenchoptdsn . comprise two oflmopeespnefenabiyi up is usefu

I n maki ng ter-.dj Sj I - tJ - 15 di I bl
condensat i &h %%?§*€&¥§B$%eé%#%d§€t%ﬂ%§ﬁ 18?%éb%¥%§%éérg?gsais inv;zﬁfgzlcaﬁ
be usedSpepokyanide, énranpokyétiger, fwhesetmdthecblogls ane products of

t he procqu%g% %géén%€aagifggagfntglé@b@ tis&F 88 arei Bhennediates in the

formati on OfF - pol ymeri c specl es or 1 nstance, by reacting
appr opr i atkonfied threydy Mar@ (@UBountS (Q}O ot PEr -Ar - L1BXRFLUERD cross

|i nki ng aggt snMéibed 118y CATIDEX hdLetE donedifdng 02 to 20 carbon
atoms which is saturated or contains ethylenic

10 unsaturation provided that adjacent blocks bonded
directly to each other are types of polymer different
from each other.

The present invention is useful in making
water-dispersible polymers, particulafly water-

15 dispersible condensation polymers. The products of
the process of this invention can be used per se to
form coatings, films and the like. The products of
the process of this invention can also be used as
intermediates in the formation of other polymeric

20 species, for instance by reacting appropriate di-

. 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. -

25 The condensation polymerization reactions
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

30 always) resulting in the formation of a byproduct
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hydr oxyl substituent groups preseni on the polyners produced by the

present invention. 25 The condensati on pol ynerization reactions
wi th which the present invention nay be used include any reactions anong
reactants in which appropriate fup6tionalities on the reactants react to
forma coval ent linkage, the reaction typically (but not 30 al ways)
resulting in the formati on of a byproduct 35

- 6- nol ecul e, typically water, as a result of the reaction

The functi BRdErbles SYEIERL 1oh wakeredd antresultyQfal4he i ncl ude one or both

of -COOH (eeaarhydri de) “and/ or -COH, and one or both of -OH and - NH2.

The reactants that % ter. intq suih condensatign re%ﬁ{ions e usually
=

r
substituted with twoll§r fHBEEIoRAldkiRs PIASFTS Sk q(§§a$&ﬁi}%ﬁten,
react ant s asaallysibsfutet edeworhbolth ofme OOt (conanhvidsides. g.

di acids, dpLgl di_apine e n B i 4 uf; 10t h two or nore
di fferent ?ﬁﬁZPFongﬁFfiééd(ggg.%q £q§% ﬁgeagﬁgg%ﬁtyaggkyagl_s).

Pref err éd trasppagsothasnedsedt iiafo sush wandensdtden &RAGYRNS ncl ude

reactions whiClsh8iTy suPtYel@ES wikdl XKooy atalolopmEutas. As is well
15 known, polyesters formby the reaction of, for I nstance, diols with

di car boxyl fangéiggaddtigmydr MP&e ofteRer dSRCtBAEGE Fes form by the
reaction obubkeh tutedNsiidhC ¢hedisafieN Eundtilbondildarikexyld g .aci ds or

anhydridesd&gggggt.d@g&ggt%g%%fgé%@hnbh eéﬂ%%“%éﬁ be substituted
10 with two or more different functionalities (e.g.,
amino acids, hydroxyacids).

Preferred examples of condensation
polymerization reactions include reactions which form
polyesters, polyethers and polyamides. As is well

15 known, polyesters form by the reaction of, for
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

20 the present invention can pe formed by the
polymerization of, for instance, ethylene oxide or
propylene oxide under ring-opening conditions.
Condensation polymerization reactions also include
such reactions of glycol or alkoxy-terminated

25 polyethylene glycol with a diacid or anhydride to form
a polyester of the polyethlyene glycol.

The polymers within the scope of the present
invention also ;nclude those composed of blocks
wherein blocks adjoining each other are different

30 types of condensation pglymers. Examples include

35



20 the present invention can be formed by the pol yneri zation of, for

t nstance, ‘et hyl ene oxi de or propyl ene oxi de under ring-opening

condi tions. Condensati on pol ynmeri zation reactions al so include such
reactions of glycol or al koxy-term naled 25 pol yet hyl ene glycol with a

di acid or anhydride to form a polyester of the polyethlyene glycol.

The polyners within the scope of the present I nvention al so include
t hose conposed of bl ocks wherein bl oc adj ol ni ng each other are

di f f erent BOLY§HESTLPOLYABAACAt PEHYESES pel BkRRE e@Denc! ude 35
-7- 1 pelyemniae/pelyanhde. potha&tekémpu¢ethﬁeluaadtrlblock '

I I de/ t h h l, t wh
Phe’ i ner BPGYRSTS- dFRPERLRT CRPOMIeroBLCH 1Pna  S4EEFRST GERE wh ch can be
t he sane asaehcbf thetbetenrbmo&ksrwhtchroanehehtheheameEnanpbeh include 5
pOIyetherlggégfséfréggkgggggrfrgmd ethEﬁQﬁalnExam les inO1¥ ﬁ# ncluded are

nol ecul es E neric c ting any of the
descri pfi apelyetherfpalyvesperdnalyetbarananfkgp fershy containing 2 to

20 carbon atons thrOMngalngiﬁhHH'areQﬁSlgbuleé wﬁégblﬁooﬁe birhkage. An
oun esterifying both

oAt boxyl | CEVO. PORPREBAGI FERLSS oReREABECARY| BEoF BRalBbET AREIORE.  wi t h
pOlyethylem@r@iﬂcpé pengahy pf opl eanealikylomodety contmbiadinyali aoof
OLoot T S elPodh AR Bhedief] arigto kB Eibio-, or coo- O
- 10 C- linkage. An example of this type of compound is
that formed by esterifying both carboxylic
functionalities of maleic acid or maleic anhydride
with polyethylene glycol or polypropylene glycol at a
molar ratio of glycol:maleic acid or anhydride of at
15 least 2:1.

One essential aspect of the process of the
present invention is that at least one of the
difunctional monomeric reactants contains ethylenic
unsaturation, that is, a carbon-carbon double bond,

20 either in its main chain or pendant from its main
chain.

Thus, for instance, the desired ethylenic
unsaturation is present as an ethylenically
unsaturated diacid, an ethylenically unsaturated

25 anhydride (such as maleic anhydride), an ethylenically
unsaturated diol, an ethylenically unsaturated
diamine, or mixtures of any two or more of such
compounds. Also, ethylenically uhsaturated compounds
which contain nonidentical functional groups can be

30 used.
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present invention is that at |east one of the di functional nononeric
reactants contains ethylenic unsaturation, that is, a carbon-carbon
doubl e bond, 20 either in its main chain or pendant fromits main chai n.
Thus, for instance, the desired ethyi&nic unsaturation is present as an
et hylenical ly unsaturated diacid, an ethylenically unsaturated 25
anhydri de (such as nal eic anhydride), an ethylenically unsaturated diol,

an ethylenically unsaturated .diamine, or mxtures of any two or nore of
such conpounds. ATBe, eEhy}eBifablyyungasigrsedddddrpbunds whi ch

Contai”]ﬂ086ﬂ98h5ﬁ€|%%Hné?ﬂﬁFibegiﬁrﬁﬁoién?bei?ogagtdopg or m¥fre
- O- . e e enli ca nsa ra | t
conpri se | AtWKOEBIGRILY Bﬁﬁgtﬂﬁétﬁg ﬁﬁﬁxcarg8ﬁﬁ anﬁgghﬁycazgg?ﬁpatggn

pol ?/cg_r bOX%b'pécﬁailfiy, dicaebperyl dtl gcddsavboxhpkeic anhge€rddeshei r anhydri des,
including but.nqt _lijmted to aaLi.C. ac| el 45 0, saconi ¢ aci d,
lﬁE%Halﬂ%cgh%cgggiégﬂgg%é.ﬁs Fgmaggf L&iad fGhdidTe :

citraconi c™ ( rans=trans ruconi ¢ acid) and
i taconi & aacild, amdsaconng aahddr ciesachpicoaciducmugonisl @cddanhydride. In

general, the Bleteuhedeebhy! fRLGA1LY 28! HhA! slacondcaichany iy acl ds and

anhydrides W FI con carpon atons but may contain anywhere

from4 to @6y anbwdbbdeat bhereof, such as mplgdrdanierdde -t hdTet hyl enic
unsaturati @gnerat$ PREJBPE£ELPEH! BEnpPLeAttARlyChALAtAlrakla diacid are

dicarboxylic acids and anhydrides will contain 4 to 8
10 carbon atoms but may contain anywhere from 4 to 36
carbon atoms.

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

15 invention. Examples include any of the dicarboxylic
acids disclosed herein, and their 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.

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

Preferred ethylenically unsaturated diol
compounds contain 4 to 10 carbqn atoms. Examples of
such compounds include allyl diglycol, as well as any
ethylenically unsaturated analogs of the exemplary

25 glycols set forth herein.

Included within the scope of ethylenically
unsaturated diols useful in the process of the present
invention are those wherein the ethylenic unsaturation
is present in, or in a substituent pendant from, the

30 chain connecting the two.diol groups. Preferred
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al so contenplated within the scope of the present 15 invention. Exanples

i ncl ude any of the dicarboxylic aci ds disclosed herein, and their

anhydri des, having a pendant chain containing 2 to 8 carbon atons at

| east two of which are connected b9-a carbon-carbon doubl e bond, such
as vinyl, propenyl, butenyl, and the like. 20 One exanple is

2-vinyl - butane 1, 4 di-oic aC|d Preferred ethylenically
unsat ur ated di ol conpounds contain 4 to 10 carbon atons. Exanples of
such conpog®@®priael Belydeythgi BrpesRCrydakes) agd mpo- ethylenical ly

Fns?tgrgt eﬂe@ﬂ&b?ﬁia@&st be ];emssﬁb?@mc%ael Yi9cersAt, wetﬁglgﬁn?m

ncl ude i n e scope of et hyl eni unsat ur at e igQls useful in
Lhe pre ooy grOrxs oReuBs: Bemaifly akaniIabLE, ton GORATERE 1 Nt hoi eni ¢
unsaturatlﬁ@rmatienpoESEhé polyesterr modeksiliel.ueditheandamflresm the 30

chain connge! Lngs LbEctm,dbeL 9RYRs1 1B Bhetiadacea it

-9 - nono-a nmet hacryl at es of
triols Suchnasudeycds rbukkeedinltwd,4- bhy&n@ﬂyblgr@ﬂW§aﬁyﬂﬁrlavailable to

cooperat e éfl%ﬂeet e?ogﬂatb@gcggyghﬁoaggﬁgggg%ennlecule Q her exanpl es

of satisfactory et eni cal'l y unSaturated. dials i-ncl ude 1, 4- butenedlol
1, 4- but ynedi ol | egcEFPMéeﬂlCQFPYIu@ﬁﬁéPréﬁ&dgﬁ%@@ﬂﬁesnﬁﬁﬁh

Et hyl eni capbyuygaat upabedrdbagi RBeyCaandbsa 2 toe msesirb'arrﬁfaefoitﬁ y t hey
gontaln 2 ;gdlgaga gogtgggnﬁt orag%a%%ﬁeggc %&%Lgh$refé%&a%Fhed chain.
referred

10 diamines include straight and branched chain diamino-
substituted alkenes, esters and amides such as diamino
analogs of any di-hydroxyl (e.g. glycol)derivatives
disclosed herein. .

In the first sﬁep of the process of the

15 présent invention, the ethylenically unsaturated
monomeric precursor (e.g. diacid, anhydride, diol, or
diamine) is sulfonated. Sulfonation is carried out by
reacting the compound under appropfiate sulfonating
conditions with a sulfonating agent which comprises

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

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

Sulfonation of the monomeric precursor
30 should be carried out using a stoichiometric excess of
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10 di ami nes include straight and branched chain di ani no- substituted .

al kenes, esters and am des such as di.am no anal ogs of any di - hydroxyl
(e.g. glycol)derivatives di scl osed herein. In the first
step of the process of the 15 presentlO-nvention, the ethylenically
unsatur at ed nmononeri c precursor (e.g. diacid, anhydride, diol, or
diamne) is sulfonated. Sulfonation is carried out by reacting t he
conpound under appropriat'e sul fonating conditions with a sul fonating

agent "whi chheoaplEsrgtindoagent - nofBephsydEpnasd oandso Preferdblyor e

”Etab'5q|fh&??leargﬁ%rEﬁdasﬁhEQaﬁibngoigéﬂESsﬁbﬁ ke watednoni um and al kal i
nmetal sulfites and al kal i net ahi sul fites.. Thus, the nore preferred

sulfonatlnéat1S§§€HP§YaF81§SHFGﬁPB|§8P§9Fé°&ﬁdl§8&ﬁﬂﬁ metabi sul fite. 25

a heL pr le;ﬁéiﬁdaihhﬁ@nat tagpagantmel o€ abeulti Lbi’dmto abosatl fIR20EC |ithium
met abi su te 2P SSiL U e _Ret Lym bi sul fite, amoni um
bisulfite 8 -ﬁDﬁPnE? g F%uPFi?eRg RRRET Mind Sul fonation of the
nmononer itc pubﬁonabnoaoaéhoubdnbbecaataéuzedtbusﬁngeaaSﬂbk%%*ﬂﬁﬁﬁr|c excess
of the sul fonating
agent . Thegsu??gngPFSthstgsefg?gt Vi gg?%?@ﬂ 85tb§2aSYEU|table sol vent
such as maPéFOXlde§a§P§haé§thd§89?8nQFF@ﬁléendP@P§H¥ i Rerexdde,

nalntaln|ngratt§ﬁ§91ahyagoggnapggbxiaberr]C to about 120[err]C for a

tinme on the order of
by fine air bubbl eg Optlonaghfy, O-II;gemay %%lc gat ! Ont%.le re%acntl%% cat al yzed

10 mixture of ethylenically unsaturated difunctional

monomeric precursor and sulfonating agent, a second
difunctional precursor reactant which enters into a
condenéation reaction with the ethylenically

unsaturated monomeric precursor and endcaps it. If

15 such another reactant is-presént, the reaction product
is a sulfonated difunctional dimer which contains an
amide, ether or ester linkage, depending on the
chemical identity of the reactants and thus the nature
of the endcapping reaction. Compounds suitable for

20 use as the second difunctional precursor include
compounds substituted with at least two groups
selected from the group consisting of -OH, -NH, and
-COOH at least one of which can enter into a
condensation reaction with the monomeric precursor.

25 Examples include diacids, diols and diamines
containing 2 to 8 carbon atoms, such as 1,6-hexanediol
and 1,6-diaminohexane.

Whether or not the indicated optional
reactant was also present, the product of the first

30 step of the process of the present invention is a
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purbed t hrough the reaction nedium or by any

per oxi

Optional |y,
unsat ur at ed di functi onal

second

condensation reaction with the ethylenically

de,

benzoyl peroxide, or t-butyl hydrogen peroxide.

di functional precursor reactant which enters into a

precursor and endcaps it. If 15 such another reactant is present,
reacti on pswiifenated|prodectf ontit belagt f dhcsnbabl tutadr wikhch contains an

hgir:]o@;%%e§éféc£é@kf‘ﬁ&n 9&8%‘%@19 E8nk{8tingChEM cal identity of the

he nature t he endcapplng reaction. Conpounds
sui tabl e fdPH20 (E@%Ha%n@heN%ecoeruﬁ RRRIGn S FERES A i ncl-ude
conpounds mefﬁeﬁrw:ﬁbs@f 1gashat Wot gh@sipsithesehogt 8¢ Geom the group

whi ' .
condensat i ?F?e%%%1on ﬁ??ﬁgth%rngaiﬁ¥$l%l€€%éﬁgge ﬁ1§59%§§H§?236P;§{u52t0 °

am de,

reactants

consistin

di aci dsg dhwéts bedcapaivl @esf undengaing ngoidéwsdtianbon at ons,
1,6-hexan
I ndi cat ed

et

%%%g onaﬁgggl&naw éﬁ”&n83f§$ﬂfe sdifunctional progsﬂ r or

reactant was a

30 step ofmememer otesthefse¢endretentof nvbﬁtpmsestalnventlea-
sul f onat ed product, ?I§@§5n§|s§%§x}thﬁngI g@ntllgogﬂe§ogebgﬁted from
(o} H

t he group conS|st|

a
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err Thi s product
be carried out with any of a considerable numbeg g

reactants. The choice depends on the nature of the
functional groups present, and in part on the
propertles desired of the eventual product.

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
dicarboxylic acids, or mixtures thereof.

The dicarboxylic acids that can be used in
the present invention include aliphatic dicarboxylic
acids, alicyclic dicarboxylic acids, aromatic
dicarboxylic acids, ethylenically unsaturated alkenyl
dicarboxylic acids, or mixtures of two or more of
these acids. Preferred are alkyl dicarboxylic diacids
which generally will contain 4 to 36 carbon atoms, and
aromatic dicarboxylic diacids which generally contain
9 to 20 carbon atoms. Examples of useful dicarboxylic
acids include oxalic, malonic, dimethylmalonic,
succinic, glutaric, adipic, trimethyladipic, pimelic,
2,2-dimethylglutaric, azelaic, sebacic, suberic, 1,3-
cyclopentanedicarboxylic, 1,2-cyclohexanedicarboxylic,

per oxi des such as hydrogen

one may include in the reaction 10 m xture of ethylenically
nononer g1precursor and sul fonati ng agent, a

unsat ur at ed nononeri c

t he

such as

not the

of the first

is terned



nmononeric precursor in that it has either no, or at nost one, -C(O NH
-C(O O linkage. This product . 5 nust be capabl e of undergoi ng

condensati on pol ymeri zation with a suitable difunctional second

nmononmer in the second step of the pragent invention. The

second step of the present invention can be carried out wwth any of a

consi derabl e nunber of 10 reactants. The choice depends on the nature of

t he functional groups present, and in part on the properties desired

of the evehtmatyplgUexenedlcarboxyl1C Ohedreactant: preferably enployed in

t he qesé%éﬁaﬁéﬁgﬁaé%h?ﬂoﬂﬂiEE‘r pﬁehawcr e%@rb%ﬂt'h%.l@.cl5 di aci d

conponent i s neant_. one Of di car é%&% Gids, one or nore
anhydrldesl%@Phthﬂiéﬁrb5§§FPEY§€PBEth641ﬁvXPGF€§Y§W a The
di car boxyl 2 £5 agbgBothahedfbabbosgtdci N1, 4 -haphpheddet, idipdemian incl ude

o LRnal) © LEPLBRALgy 0,30t 1o bhotgl | EndiBapRaIORn Gy ar o <

di car boxyl fca ansa “di ar boxylic
aci ds, or sukfonytdibenmoioy ﬂnde205 naphhbgéea@ddgarprWéﬂﬁbd are al kyl

dlcarboxyl aci hogengi-abkey | EogaBbang 40 a3@ocar bon at ons,
and 25 aro%g%gé dlgg?%g§$@F§ 8?a§?gsb§hF§% ggng?allg contgin 9 to 20

carbon at opentemakpred-of useful dicarboxylic aci ds include oxalic,

mal O|m c, dinethyl nal Pﬂéﬁerredsdiﬁuﬂbeloﬂhﬂlt diicarbasiypiie, alciideet hyl adi pi c,
pi nelic,

cyclopentah%ﬂ%%gghggégﬁkgggggr8§390h %é@&tﬁﬁﬁﬁg;éFﬁgﬁb%HEﬁagiéy >0
-12- 10 acid, adipic acid, tetrachlorophthalic acid, pivalic
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,
15 glutaric acid, and any of the anhydrides thereof.

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

o0 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

o5 to 10 carbon atoms. Some representative examples of
glycols that can be used in conjunction with or
instead of ethylene glycol include 1,3-propylene
glycol, 1,2-propylene glycol, 2,2-diethyl-1,3-
propanediol, 2,2-dimethyl-1,3-propanediol, 2-ethy1-2-

30 butyl-1,3-propanediol, 2-ethyl-2-isobutyl-1,3-
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1,310chohexanedicarboxylic, 1,4- cycl ohexanedi carboxylic, phthalic,

terepht hali c, I sopht halic, tetrahydrophthalic, hexahydrophthalic,

2, 5-nor bor nanedi car boxyl i c, 1,4-naphthalic, diphenic, 4, 4" - oxydi benzoi c,
di gl ycolic, thiodipropionic, 4,4' - 5%3ul fonyl di benzoic, and

2, 5- napht hal enedi car boxylic aci ds. Anhydrides of any of the foregoing
are al so cont enpl at ed. Preferred difunctional dicarboxylic

A 07 aciBEOHEReb2OP h“ﬂggtﬁugghgaisgre Ni0BLiGng6idy PRLBAl I c 10 acid

adi pi ¢ aci rachl éro I'C acl 8 dodecanedi oi ¢ aC|d
sebaC|clacpdntanedaob:abvﬂ hexanedigje¢l h@xéné@ﬂ@&tbﬁ%yﬂué acid, 1,3-

cycl ohexang g@g&%yl g, ?Caﬁmeggbf'-ﬁ éEh?lhEi&HBé' §,3- d%ud 1SIz<:CI nic acid,

2, 6- naphth I car boxy[i ¢ aci aric acid, any of the
anhydr|desCY%b@B%$aned1°1 cYEﬂ@he§Bﬁﬁ€&HG§hPHQ@'c&m Be used in the

present Inady@ibﬂéxaﬂéayﬂétﬂauspl Sp- ﬁifléﬁé&ﬂoﬁ hghang, 2, 4glaycol is the
preferred dio in addition to, or 20

re glycols
i nst ead? ofte%E?N¢EH%lg*y%o?yﬁigbﬁF?F?Qéaf preferable for themto
contain from3 to 1QAsathendlolatomponéntcapesyahhee gllycollsetchers are

s or et BT e RieD B8 BalYPFPBy et B0y "BaPiBY 2 ome. Some
r epr esent atoecekanpiesghbt of 30Qcbbs6ti fBd demwabplesedfi whiehj unction with
or_ instgadh Qde et%g&g gbwng?hnséadeaézélpﬁﬁpgb@ae sodly 89 -

1, 2-propylene g ropane
2, 2- dlﬁﬁtﬁwitQQEg ROEREHPB) ; EoéYﬁ9hY1§ne391¥GP}lhﬁvanﬁrépanedloI
2-ethyl - 2-ispoeiVAr lwdight of 280 to 6,000 (examples of which
include (”"Rezol PEG-400" and “Rezol PEG-1000", sold by
Witco Corporation); and block and random copolymers of
propylene glycol and ethylene élycol, having a
15 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 Corporation).
If branching is desirable, then it will be
advantageous to use a branching agent in the
20 condensation polymerization 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
25 both types of groups. Examples of acidic branching
agents include trimesic acid, trimellitic acid,
pyromellitic acid, butanetetracarboxylic acid,
naphthalene tricarboxylic acids and cyclohexane-1,3,5-
tricarboxylic acid. Examples of hydroxyl branching
30 agents (polyols) include glycerin, trimethylpropane,
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- 13 - propanedi ol , 1, 3-butanediol, 1, 4-butanediol, 1,5-

pent anediol, 1, 6-hexanediol, 2,2,4-trinethyl-1, 6- hexanedi ol ,
2,4-dinethy| 2- et hyl hexane- 1 3- d|oI 1, 2- cycl ohexanedi ol ,

1, 3- cycl ohexanedi net hanol , 1, 4- c%érohexanedlnethanol p- xylenediol, and
2,2,4,4- 5 tetranethyl-1,3-cyc|obutaned|ol As the dio
conponent, polyether gl ycol s can al so be used, such as pol ypropyl ene

I | h | I ht f f which
ol yecl e ferpp ARLESH ML Bl 0n 20051 0 £0%9, LEXBRBL ERe0" W
Cor por at.i cand xmﬁy&th@imﬁmhglqbb¢nheneng Examph@$e@ﬁlhydmexght of 200 to
6, 000 (exqﬂgé %ﬁgﬁ%ﬁ ta%ségglgpgbé"geggﬁyé¥g§gﬁgth pd '"Rezol PEG 1000",

sol d by and ock and_random copolyners of
pr opyl ene @wcymmnh%oa@mylb@nelbr%lavdrwm@d%c%owé@:aﬂara&é. ght of 200

to 6,000 (exgrphesrek é\ﬂh@ thisei ¢ Re@pd . ERfeddZa11yRezen BPD- 225",
"Rezol EPéf é%§r y %g%ls ?£>2 "1c old by Wtc a Ygration).
0

| f branBhi ¥R 3§P%E%??EU?% a PRk g?mpaﬁglng £Hmn? abR to use a
branchi ng egesén i dcéhe wiLTopdensadi a8 Phéybranchingnagencti on. Such

br anchi ng agent s may, cont ai hree or nore functional groups, and
t hey prefeF%ﬁﬁggéﬁﬂ?ﬁi ?h?%gagré+% rc?%ﬂg??%ﬁg groupg. Tﬁe reactive
groups may be carboxyhsoead oﬁlighaihca@@ﬂtbayltoIhéhbréhohiagdagent may
o 2l n 2ot | S0l BL DR EX8IR 58 géeegﬁ dig biapehbng  agents

i ncl ude tr¥ |c acl |t c acid
but anel6t reempdeyt i ¢ Gre dtype efpsehbakbhe @l@%b@%ok?l@é aBiBe-and

CyC|0hexa”$hﬂ?§ Lite éik§ffbﬁf¥féfa@§ydcoﬁ¥§£ﬁiﬁ§ 9f £Bydr exybolar anchi ng 30
agents (po 3 I ncl ude cerin, trineth grogang 35
toms, examples o which include’ compounds analogous

to the aforementioned glycols and diols, wherein the

hydroxyl substituents are replaced by amino groups.

15 Another type of suitable diamine is diamine-
substituted polyoxyalkylene compounds, preferably
poly (ethoxy) and/or poly(propoxy) compounds endcapped
with amino groubs. Examples of this type of reactant
include compounds generalizable by the formula

20 '

' H,N-GH-CH,~ (0-CH,-CH) -, NH,
CH, CH,

known as Jeffamine D230, D400, D200Q, and D4000
25 (previously sold by Texaco Chemical Co., now Huntsman
_Chemical) corresponding to said formula 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 "
30 such as hydroxyacids and amino acids{ which are .

35



- 14- pentaerythritol, dipentaerythritol, 1,2,6-hexanetriol and

1, 3,5-trinethyl ol benzene. Exanpl es of hydroxy acid branching agents are
2, 2-di hydr oxynet hyl propi onic acid, 10, 11-di hydroxy-undecanoi c acid, and
5- (2- hydr oxyet hoxy) i sopht hal i ¢ aci d.-15Generally fromO 5 to 3 percent of a
pol yol containing from3 to 12 carbon atons will be used as the
branchi ng agent (based upon the total diol conponent).

Instead of, or in,addition to, the diol and po&yol conponents, there can
be presentPﬁlﬁmﬁﬁﬂﬁédléeéénﬁBnéﬁﬂl R kPPYE BANIGT-ablSM W anine i s

di - am nad- rea&uaﬁtst wbeddah&yka tpr &he&&bbysbm@t aithiyleni dad 187 car bon

at ons, exa ncl ude c ds a alo to.the
aforenent|8 Em@ °8ﬂ8°8P§Fs %%g B0t R %ﬁyéFﬁﬁﬁangﬁbstltuents are
repl aced bynahude §rbyproxys (or 6-aminghohksanedieics! anuid.aleindd di anine is
di am ne- fiktuted pol yoxyal kyl ene conpounds, .preferably
poly(ethoxy?

an /or Eoly(propoxy) conEounds endcapped W th am no groups.
Exanpl e of this typ&hefagédcrafponentndwbdehe omsodeddngshabaviexabl e by the

formul a [ egbhp2ses one 590mﬁré5aéQHEaHhH?oPQéﬁhyQQQ@esWQQ@@ tqyd D4000 25

(preV|ousI¥ sol d by Texaco
R

e )
correspond?R§ b Barg FSFﬁEPHtﬁhéﬁﬁFﬁn?d|§° r§a§t yléh &ggh 9£§ and about
68, respecbdrvehliydride componenfsaredsedbetedcsndehast ithve pol yners usef ul

in this |nvggékgﬁggléﬁaLnghgggmgbgﬁng#éogghdgggggqggs 30 such as

hydroxyaC| m no aci
10 polymerization :include a sufficient amount of

- sulfonation so that the sulfonated reaction product of
the present invention provides a satisfactory degree
of water dispersibility in the polymer. _

Thus, the amount of sulfonated reactant can
15 comprise 1 mol.% to 50 mol.% of the reaction mixture

| in the second step of the process. Generally, the
sulfonated reactant(s) comprise about 1 mol.% to about
10 mol.% of the reaction mixture. The reactants are
otherwise selected to be approximately equimolar in

20 relationship to each other with the proviso that the
component which carries the substituent group
identical to the desired terminal group or groups of
the polymer should be provided in stoichiometric

excess.
25 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 polymer should be
endcapped with hydroxyl terminal groups, then an

30 excess of the diol component should be supplied. On
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35 - 15 - pol ynmeri zed head-to-tai
in known manner. Such reactants would have to include sonme ethylenically
unsat ur at ed conpounds. Exanples of such reactants i ncl ude 6-hydroxy (or
6- am no) hexanedi oi ¢ acid, and thel@ike. 5 The acid conponent
(whi ch, as defined above, conprises one or nore acids and/or anhydri des)
and the one or nore reactants destined to react with the acid or
anhydri de conponent are selected So that the reactants that enter into

t he condendd€ @rbeF pandherdifdih & |qﬁﬁ1|.ﬁféi Fhalr fihe SRL IRt of
sul f onatj ogheRlidhde (dMRicEPdaaliath r@HEcd AeriiaHICtgriups, ttﬂeerpr esent

I nvention provides a ti sf tor degr ee of .water .dis ity in the
pol yner. @B excess osfa Lﬁ%‘mﬂneﬁﬁ f%]e% a"g"c%ﬁi 1%%n 15
conpri se 1Inolshyild 5;@: mdcd@mfzdme:haaacﬂomrthesd purposes the second step

of t he pro%(?%?ns G%rl{%@l# )&W?P)%[ nt, sul,f eg) bqgérg__nt.(sg &OITDI’I se about 1

.%to a Fe r eac |on Mo ‘The Teactants are
ot herW| e ¢dientiod tconpeongiroxaneatisibensied rhs azrnQMudzo gl ati onship to each

other wi th LhSMEas®ds! g%?e%cgl&pmmﬁe WHAh SRS Gt he substi tuent

group Ical to th sired termna roup or groups of t he

pol ymer shethyleaisediviedsatunadiedhi oddt rW &8 regpgnized Thus,
for instanggatl ko %nls%r‘éescllfaétd tqiéatpolyn{éie mldafwed)rmttm@nt ai ns

car boxylic term nal 12; Qups, then an exc the acid conponent shoul d
be pr ovPg&dreds term adeﬁrroé’t?st hadtt fR, 8§99 e endcapped

wi t h hyxy opybviideminalthgr awast ildne mistuie mdms:mfn tehianpsliyola conponent

shoul d be Sﬂpghle%tSQthometrlc excess of the indicated
component; the degree of excess is tempered, however,
by the effect of that excess on the distribution of
polymeric chain lengths formed by the condensation

15 polymerization.

The condensation polymer can also be one
which contains only one terminal carboxylic acid,
hydroxyl or amino group. For instance, a C,-C; alkoxy

- (e.g. methoxy) -capped polyethYIene glycol is reacted

20 with ethylene glycol, acetic anhydride and maleic
anhydride to form a polyester which is capped with a
hydroxyl group ‘and a methyl group, and which contains '
ethylenic unsaturation. ' In addition, one can prepare
a polymer that is mono-capped with a desired

25 functional group by preparing a condensation polymer
which is disubstituted with functional terminal
groups, and then capping one end of the molecule. For
inetance, a diamine-capped or di-hydroxyl-capped
polymer can be reacted with a lower (C,-C;) alkanoic

30 carboxylic acid to cap one end of the polymer with an
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t hen

be recogni zed that for these purposedz-he

_ : -16- . the other hand, if it is
desired that the polyner should be endcapped with am no term nal groups,

an excess of the diam ne conponent shoul d be supplied.

It shoul d

terms "diacid conmponent,”

"di ol conponent,” and 5 "diam ne conponent” are intended to include al
conponents of the reaction m xture whether or not ethylenically
unsaturated. It will also be recognized that to ensure that the pol yner
i s capped wstert by amidesi r ddkesigienala glearboxnl igaypraidl-

providel n
excess of

however,

alkyli pRiger et GRB RRE Sfcdbe WS FRTRBTLILAG of

ry to 10

PEE%@%@@ahOBemréh%ﬁ:%ani%ﬂ RancsL apl YaBocohoSldghicsicg) chionetric
he™ 1 ndi cat ed conponent‘é%@s degree of excess s tenpered,

pol ymeric mbaetilesngtith bar estery orhamidedensati on 15 pol yneri zation.
The condensation pol yger ;630330 fIS A 1o Which difimsy aply one
hydr oxyl ~or or

t er m nal
Cerr]-
react ed
to form

car boxylic acid,

20 Wi ER ghlay 'r%'&%ﬁ%%%o leo Ei%%vt\:'ntf vAY Fa G AHErRIE i form

a pol'yester which 1Is cappe

. / s am no group.” For Instance, a
& ecohdengatjion ppdymeriseaitden condidd ons ﬁlto tée® diScol s

anhydri de

> ) h a hydr oxyl group and a net hyl
group, andtie eiﬁ!SéG#@aiCﬁ@@enS@thelﬂq;Wﬁ-ur di{? &?nqrr?%addi tion, one cgn
B ear g.%flé%'t‘iw cb'ih?lérﬂs%.t%i*pl yaﬁgmiwa}]ﬂ:@ ddﬁﬁ'idbiaﬁo?& fagect i onal group
: [ .condensat,i on poly iGgh i .S jtuted with
functi onal r%é%ﬂ'ﬁ-ﬁ(al amﬁg"@&uﬁ?, (Q&T@r tal’?&?\,\rgﬁ}&a}?aeo éﬂeﬁ%‘eof t he nol ecul e.
For I spaaee.itd otieanni na-tcdpp ed-efrerdiedhydrtoxyd -azappedut the

prepare

reaction in a solution. However, if a solvent is
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-

15 dimethylacetamide), xylene and DMSO.

Preferably, the reactant mixture for

carrying out the condensation polymerization includes
a small but effective amount such as up to about 0.02

wt.% of a catalet for the polymerization. Useful

20 catalytic compounds include protonic acids, tin

5

compounds, titanium compounds and antimony compounds.

Typical condensation 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
effectively carry out the_desired condensation
polymerization it is preferred to use nitrogen to

30
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pol S/ner can be reacted with a lower (Cerr]- C[err]) al kanoi ¢ 30 carboxylic
acid to cap one end of the polynmer with an

-17- ester or am de. Likew se, a dlcarboxyllc aci d- capped pol yner

can be reacted with a (Jerr]-C err])t&il cohol or (Clerr]-derr]) al kyl
anmne, to cap one of the two carboxylic acid noi eties with an ester or
am de. The reaction mxture is then subjected to 5

condensati on pol yneri t'c?xdn{n I|1d| t 't%nfolyefrr{? ct |ué%11 Q"edl tcaéstetﬁéﬁe reactants
0 e

to react wth each o can sation polyners. In
general 1 polgtikest ithe tc arde nsafiudn apd pmd\md dm ddralindagessir e

[)reg;"e'r{egagg't' P bRebR SR0RLANRAR Bht DA cHin f Aiid NG ae | 1S

ouf "t he sol uti on. wever, if a
sol vent i srangede$wp@d:al|lnhsM@@Ifdllb@oﬁiygl?r@oWMHg hgve..a 3 boiling poi nt

above abOUIno&é%g o] Q%Ag'ﬁ&am ehePiratidled ¥ @bout U0/ &8 apdigd ude DVF
(di met hyd f or mam a) N, 15 dlnEthyIacetan1q5) xyl ene and DVSO.
Pref er abl y 50t R80r.ca Thast pgd identjtigs, HeadrftitrRat i on

ggloygegi é gbhﬁn rbﬁ@!):/.llee%e talalo&w :ctobuhrﬂfefv%ctanye &ermﬂmid such as up to
u : o of ,a. catalyst el t he pol ynerization. Useful 20
catal ytic EBﬁﬁSHHG§ Wede aﬁﬂ%?& 5%$:§P ‘tin conpounds, titanium

conpounds and anti nDag ¢Mmp@mmusf the condensatﬂ@pical condensati on

pol yneri zat.i . ti d 28k tdigg reactants to
tenperaturggggmefﬁgggggh %?’ out ?% to a out 25 250[err]C Duri ng

the_pr3é+e§§p9ta$ﬁé Eaom the, HQ?QQ}OD mixture.
The process of the present invention affords

several significant advantages compared to other
processes for producing water-dispersible sulfonated
polymers. In particular, each of the foregoing steps

15 can be carried out under relatively mild conditions
and are not particularly constrained by the choice of
reactants. In particular, a much greater freedom in
choice of reactants is provided, as the reactants in
the condensation polymerization step can be

20 polymerized under relatively straightforward
condensation polymerization conditions and the
sulfonation step can be carried out under fairly
conventional sulfonation conditions. This freedom in
the choice of reactants is an advantage in that it

25 affords greater range in the tailoring of the
properties of the final, water-dispersible product.

In addition, the ability to select the -

identity of the terminal groups on the polymers
affords the operator greater freedom in incorporating

30  the process of the present invention into procesées
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preferred to draw of f water of condensation. To effectively carry out

t he desired condensation polynmerization it is preferred to use nitrogen
to purge the reaction mxture in order to carry out the 30 water.

The chain length or nol ecul ar wei ght18f the polyners that are useful and
produced in the process of the present invention can fall within a
rather w de range; typically, useful polynmers will have a nol ecul ar
wei ght in the range of about 3 5.50,000. Thus, anmounts and

i dentitiestRAt %%gr%%ﬁt%ﬁ¥§r 1SE%HS$E£ i PFORRCEaRPoRBd to achi eve any
desiredl int@tmediftewehgthe aggnthesisbof| ofior example, At the end of

t he condens olyneriza e o] e ered and 10
separ at ed 9$i¥ﬁ¥?ﬁp? t?%nrﬁ?éth$% 6P the QBS%oﬁég?E81gr§§§SS of the

pr esent |rmappedwpanmmﬂsw1th otheraresgcyhvei spaciedvanchges conpared to

ot her { PE68063a 168 BE ﬁ&ipgoﬁgi cqudhepeisbbbe aykbheBakdic

pol yners. Tn particu eac e regol ng steps 15 can be carried out
under r gl aa¢idsy @$I@h%o©@$@|@®¥ be. and are not partlcularly constrai ned

by the choice of afﬁ@éﬁélon|ﬁlerBéCHééﬁrlﬁeHUQHrﬁhé%tQh freedomin
choi ce of reactants |s provi ded, the reactants in ggﬁgndensatlon
%Bl"-?n

pol yner i zathenf el kpwing %%aQﬂlﬁﬁryn%??i%deﬁﬁﬂgieﬁeﬁﬁﬁl i ght f or war d

CondensatImrppiyxﬁr@ttaaiv@npﬁ@psséspnanandréhﬁot ingsehtiedatioon step can be
carri ed out. under enti sul fgnatlon conditions. This

freedom i ntimit t?k@c%%?%% 3F ? xfﬁﬁP |513Xe3 v8Rtage in that it 25

af f ordOgreater range in the tailoring of the properties of the final,
wat er - di spersi bl e product. In addition, the ability to sel ect
t he identity of the term nal groups on the polyners - affords the

operator greater freedomin incorporating

15
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30t he process of the present invention into processes

35

-19- - “that use the water-dispersible product as an 1 internmediate in
the synthesis of, for exanple, pol yur et hanes by reaction of the

appropriately end- capped polynmer 4t h ot her reactive species such as

di i socyanates or additional quantities of dicarboxylic

5 acids, as the

case may be. The invention will be described further in

fol |l owi ng exanpl es. These exanpl e ntended - for
pur poses, and are not intended toixih&;ﬁ@?

inventidn. 10 .15 20

illustrative

the scope of applicants’

A. Preparation of adduct (50%) [2-

{sodiosulfo)-1,4- butanedioic acid]

5 RAW MATERIAL
Maleic Anhydride 111.4

Water 270.5
Sodium Bisulfite 118.2

10 PROCEDURE

grams
 grams
grams

A four neck glass flask, equipped with a

‘nitrogen inlet, a stirrer, a water condenser, and a

thermometer, was charged with maleic anhydride. A

clear water solution of sodium bisulfite was added

15 under constant agitation and the temperature was
maintained at 75-80°C for four hours. The conversion
of sulfonation was 100%, and the solid content was

50%.

20 B. Preparation of sodium sulfonate-

containing polyester.

25

30
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25 30 35 : - 20-

EXAVPLE 1 . A Preparation of adduct (50% [ 2-
(sodi osul fo)-1,4- butanedioi c acid] 5 RAW MATERI AL Mal ei ¢ Anhydri de
111. 4 gr ans Wat er’ -21- 1270. 5 grans

Sodi um Bi sul fite . 118.2 gr ans 10 PROCEDURE

A four neck glass flask, equipped with a nitrogen inlet, a stirrer, a

wat er condenser, and a
RAW MATERIAL

1 1,6-Hexanediol 997 grams
' Neopentyl Glycol (90%) 853 grams

Product of step A.
(as 50 wt.% aqueous solution) 1,017 grams

5 Adipic Acid 1,821 grams
Total Load . 4,688 grams
Organotin Catalyst 0.30 grams
Water to distill 1,156 grams
Theoretical Yield " . 3,532 grams

10
PROCEDURE

A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a column, and a '
thermometer, was charged with catalyst, 1,6-
hexanediol, neopentyl glycol, a 50 wt.% solution of
the product of step A, and-adipic acid. The

15

temperature was increased to 150°C +/-5°, 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 blow out the glycol.

Hydroxyl value and acid number were checked
as needed and the loss of glycol during the reaction
was adjusted to reach the theoretical hydroxyl value.
Reaction was considered complete when the hYdroxyl
number and the acid number reached the expected
values. The final sodium sulfonate-containing
polyester had a hydroxyl number of 108, and an acid
number of 3.0. The polymer, a sulfonate polyester,

20
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thernoneter, was charged with naleic anhydride. A clear water solutfon
of sodiumbisulfite was added 15 under constant agitation and the

tenperature was mai nt ai ned at 75:§g£ﬁrr]c for four hours. The conversion
of sulfonation was 100% and the soli"d content was 50% 20

B. Preparation of sodium sul fonat e- cont ai ni ng pol yester. 25

30 35 -21 - RAW MATERI AL
éSS gfgﬁgeahgbersed in water very ed%i19/,2@nd ddRaRAYatleddgosd (90%

1 stability.

C. Preparation of sodium sulfonate-
containing branched polyester. '

5 RAW MATERIAL

Diethylene Glycol ' | 771 grams
Glycerine 18.1 grams
Product of step A. }
(as 50 wt.% aqueous solutlon) 732 grams
10 Adipic Acid . 752 grams
Total Load 2,273 grams
Organotin Catalyst 0.14 grams
Water to distill , ' 611 grams
Theoretical Yield 1,662 grams
15 . PROCEDURE

A four neck glass flask, equipped with a

. nitrogen inlet, a stirrer, a column, and a

thermometer, was charged with catalyst, diethylene

glycol, glycerine, a 50 wt.% solution of.the product

of step A., and adipic.acid. The temperature was

increased to 150°C +/-5°, 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 blow out

20 .

the glycol. .
Hydroxyl value and acid number were checked
as needed and the loss of glycol during the reaction
-was adjusted to reach the theoretical hydroxyl value.
Reaction was considered complete when the hydroxyl.
number and the acid number reached the expected

25
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Product of step A (as 50 wt.% aqueous solution) 1,017 grans 5

Adi pic Acid 1, 821 gr anms Total Load

4,688 grans Organotin Catal yst 0. 30 grans Water to
di still 1,156 grans 23 Theoretical Yield

3,532 granms 10 PROCEDURE . A four neck glass flask

equi pped with a nitrogen inlet, a stirrer a col um, and a 15

t her nonet er mas ch e neopent

glycol, a éfﬁ‘]\}dt Yo sg[rh%t qfdﬁl% Soadtltlﬁ'i% uc‘-’ft of é}f@eﬁ%ﬂi‘jﬁ nd adi BI C gcr d.

The tJenp@rlmmd réc ek o rmm{@r rqfC 53 -&, amdlantdeid col urm was
kept hot ug| ezt Sﬁml ‘Iérge nr.It é)%l}m 2Q, agjtadd o vt%pyégeégased as the

reaction proce to faC|I|tate t'he wat'er renpval ,” buf not rapid
enough digpersndodn Mateq yeAly easily, and thg HisBeTSfue and acid
nunber wer @o3RRERE demdhItaedesd afubd herdwissiwf. gl ycol during the reaction
25 was %gjusted to reach the theoretical hydroxyl value. Reacti on was
consi dered conpl ete when the hydroxyl - nunber and the acid nunber reached
t he expected values Predared] i aro db fu rs ol vimo reat eE et et ni ng pol yest er

had a hydr %r aﬂflrgeoq?g?ﬁ%ﬁe@%&f&mlﬁmﬁd@ The pol yner, a

sul fonate po yester -22-

EAE_MAEEEJAL
Jeffamine D-1000 : 499 grams

10 Product of step A.

(as 50 wt.% agqueous solution) 101 grams

Total Load 600 grams
Organotin Catalyst 0.04 grams
Water to distill _ 59 grams

15 Theoretical Yield _ 541 grams
PROCEDURE

A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with catalyst, Jeffamine D-
1000, and the product of step A. The temperature was
increased to 150°C +/-5°, while the column was kept
hot using steam. The nitrogen and agitation were
increased, as the reaction proceeded, to facilitate
the water removal. Reaction was considered complete
when the amine number and the acid number reached the

25

expected values. The final sodium sulfonate-

20

containing polyamide had a amine number of 62.5, and
an acid number of 5.2.

30
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disbersed in water very easily, and denonstrated good | stability.

C. Preparation of sodium sul fonate- cont ai ni ng branched pol yester. 5
RAW MATERI AL Di et hyl ene d ycol : 771 grans d yceri ne
18.1 grans Product of step A -24-(as 50 wt. % aqueous sol ution) 732
grans 10 Adipic Acid _ 752 grans Total Load

2,273 grans Organotin Catal yst 0.14 grans Water to
distill 611 grans Theoretical Yield

1,662 grans 15 PROCEDURE EXAMPRE:dur neck gl ass flask, equi pped
with al nitrogen inlet, a stirrer, a colum, and a t her ronet er, was

charged with catal yst, diethyl ene I |, glycerine, a wt . % sol ution
of the product 20 ofAsteBrﬁ.graﬁ&°3dPgiéﬁgyF&.[ ft@ﬁﬁ@?éggp was
i ncreased baelhBjer bfCmaleic ehhliydrtiide eoduwnewasllecptif 1. Bot using steam

The nitroggn an% rtation were i ncreased, as the reaction proceeded, to
facilit teﬁexap g§§%ﬁér renoval , but not rapid enough to blow out 25 the
gl ycol . RAW MATERIAHydroxyl value and acid nunber were checked as
needed andqtpe Eﬁageggogrycol during the reackihgns gréams adjusted to reach
t he theore fcaﬁ éﬁgoxyL val ue. Reaction ma% cgnsidered conpl ete when
the hydrox¥pleicnARB¥ATAAE the aci d nunber refcRed FKE™Expected 30 35

Total Load 1,000.0 grams

Theoretical Yiedd : " 1,000.0 grams

10  godium Bisulfite . 661.0 grams
Water 2,061.0 grams

PROCEDURE
A four neck glass flask, equipped with a

15 nitrogen inlet, a stirrer, a water condenser, and a
| thermometer, was charged with 1,6-hexanediol, and

maleic anhydride (the molar ratio of 1,6-hexanediol to
maleic anhydride is 1/1), and heated to approximately
80°C. After two hours, a clear water solution of

20 godium bisulfite was added under constant agitation
and the temperature was maintained at 75-80°C for
eight hours. The conversion of sulfonation was 100%,
and the solid content was 50%. '

B. Preparation of sodium sulfonate-
25 containing polyester.

30
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- 23- val ues. The final sodiun1su|fonate-containing | polyester had a
hydr oxyl nunber of 53.6, and an acid nunber of 1.85. The polyner, a

sul f onat e pol yester, ~dispersed in water very easily, and the dispersed
pol yest er denonstrated good stabiliff5' 5 D. Preparation of
sodi um sul f onat e- cont ai ni ng am ne-term nated pol yet her/ pol yam de.

RAW MATERI AL Jef fam ne D-1000 499 grans 10 Product. of
step A RAW . % aqueous sol ution) 101 grans Total Load

600 gr as Cat al yst ~0.04 grans Water to
distill 1,6-Hexanediol 59 grans 15 Theor e#i2dakyréms d

A. A four neck glass flask, equipped with
a  nitrogenaknket wtasShphe8lus 808AkYBR) and3@3 g LR mometer, was charged
wi th catal yst, Jeffam ne 20 1000, and the product of step A The
t enper at ur ggipsc Achgcreased to 150[err] C +/ - 3per glramahi | € the col um was
kept 5 hot ushng séeanl The nitrogen and agitation were I ncreased, as
the redcti 0REBLobBBHed, to facilitate . thérddfefTAB¥oval . Reaction was
consi der edoeganbelia 2atahestt he am ne nunber oaod ghamaci d nunber reached

541 grams proHB@@EQ@REteE,
%S

t he exp, ghed galgeg .Ige final sodium sulf te- cont ai ni ng pol yam de
had a am n Ghb&? Gt Eﬁ. , and an acid nu r 9GRMS 2. 30 35
Theoretical Yield 866 grams
PROCEDURE : '
10 A four neck glass.flask, equipped with a

nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with catalyst, 1,6-
hexanediol, a 50 wt.% aqueous solution of the product
of step A., and adipic acid. The temperature was

15 increased to 190°C +/-5°, 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 blow out
the glycol. .

20 - ' Hydroxyl value and acid number were checked
as needed and the loss of glycol during the reaction
was adjusted to reach the theoretical hydroxyl value.
Reaction was considered complete when the hydroxyl
number and the acid number reached the expected

25  values. The final sodium sulfonate-containing
polyester had a hydroxyl number, of 108.3, and an acid
number of 0.7. The polymer, a sulfonate polyester,
dispersed in water very easily, and the dispersed

polyester demonstrated good stability.
30
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- 24- EXAMPLE 2 | A

Preparati on of Adduct [half ester from’ one nol e of mal ei c anhydride and
one nmole of 1, 6- hexanediol]. 5 RAW MATERI AL 1, 6- Hexanedi ol
546. 3 grans Mal ei ¢ Anhydri de -26- 453.7 grans Tot al
Load 1, 000.0 grans Theoretical Yield

1,000.0 granms 10 SodiumBisulfite’ 661. 0 grans Wat er
2,061.0 grans PROCEDURE A four neck glass flask

equi pped with a 15 nitrogen inl etEXAMBLE 3 er  a water condenser, and a
t hernmonet er, was charfed RPrébpatabitrxapnedd@hctanbis (hydifekehexgnhydri de

heated 1o S ESt Py B9 WoTEGh B bl appyBEids Rl Lo REeR SEl L

sol ution offZEYQQKRQ#ﬁ Elifite was added under constant agitation and
t he tenpergggiQm%?E&ﬁgintained at 75-80[err]C for . eight hours. The
conversgpn of _sultonai]on was 100% and the solid content was 50%
B. Preparathdh R¥aRRF4ME sul fonate- 25 cont ai nd ng2BogyaBser . 30
Maleic Anhydride 1,341 grams
Total Load . 4,569 grams
Organotin Catalyst 0.38 grams
Water to distill ' 246 grams
10  fTheoretical Yield 4,323 grams
Sodium Bisulfite 1,417 grams
Water _ 4,234 grams
PROCEDURE
15 : - A four neck glass flask, equipped with a

nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with catalyst, 1,6-
hexanediol, and maléic anhydride (the molar ratio of
1,6-hexanediol to maleic anhydride is 2/1), énd heated
20_ to approximately 80°C. The temperature was increased
to 225°C +/-5°, 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 enqggh'to blow out the glycol.
25 ' Hydroxyl value and acid number were checked
as needed and the loss of glycol during the reaction
was adjusted to reach the theoretical hydroxyl value.
Reaction was considered complete when the hydroxyl

number and the acid number reached the expected
30

35



35 - 25- RAW MATERI AL

1, 6- Hexanedi ol 421 grans Product of step A

(as 50 wt. % aqueous sol utiaon) 303 grans Adi pic Acid

390 granms 5 Total Load -27- 1,114 grams Organotin
Cat al yst 0.07 grans Water to distil

248 grans Theoretical Yield 866 grans PROCEDURE:

10 A four_.nec t I
10 ierer, Aot T AP e g Py ahSAeE pombdt SETDG M T 6.
hexaned; o! 3SEB.EH)amtd Braaeiclsrwdder iafh ®f3 ¢ he product of step A, and
adi pi ¢ acid. The { CTRHE A AL, Wl 1L Speebd o dOOkeTEI G - 5[err],

S t

while the colum wa usi ng steam The nitrogen and agitation
wer e i mheeazr,dmmmsﬂqmere@me%mw%@é&%ﬁrt%orf%wq#a% the wat er

removal , buyf; QigdrARlds MUINLAL, DO Er watdhes@lyetdn 3P
Hydr oxyk val ue and aci_d nunber mez? ecke as needed apd the | oss of

gl ycoi  dur S hispkfige was JQEﬁé%i?QP?EﬁRﬁ]?q%F?E%%?etlca
hydr oxyl valnhée.the tdigaatdtirevass ansimteriated cnpl 25 e80t@nEdihe hydr oxyl

e e R o P PR e e (02
and an aci éand the solid content was 60%.
B. Preparation of sodium sulfonate-
10 containing polyester.
RAW MATERIAL
1,6 -Hexanediol _ 457 grams

Product of step A. of Ex.3
(as 60 wt.% aqueous solution) 141 grams

15 Adipic Acid ' ' . 532 grams
Total Load 1,130 grams
Organotin Catalyst 0.08 grams .
Water to distill 188 grams:
Theoretical Yield 942 grams

20
PROCEDURE

A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with catalyst, 1,6-

25 hexanediol, a 60 wt.% aqueous solution of the product
of step A., and adipic acid. The temperature was
increased to 190°C +/-5° while the column was kept hot
using steam. The nitrogen and agitation were
increased, as the reaction proceeded, to facilitate

30
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nunber of 0.7. The polyner, a sulfonate polyester, di spersed in water

very easily, and the dispersed pol yester denonstrated good stability.
30 35 - 26-

EXAVPLE 3 A. Preparaf?ﬁﬁ of Adduct [bis(hydroxyhexyl)

mal eat e, one nol e of mal ei c anhydri de and two nol es of 1, 6- hexanedi ol ] .
RAW MATERI AL 5 1, 6- Hexanedi ol 3,228 grans Mal ei c

Anhydri de the w er r?mov&t ;?lf’élné’é apgpld el:).rgﬁgﬂl Egggggw Pgﬁs

4,569 grans
to disti| the leC01 246 grans 10 Theoreti cal Yleld

4,323 grans SOdkgg é%?i'&éiue and ac1d numberlﬁé}% Qﬁ@?ﬁask Vit er

4,234 grans four nec ass equi pped

with a 3% tRRREPA i St they Los§ rf g%N%%#uﬂ%rl%%dthe rea?ﬁé?ﬁnneter was
charged wi t¥asadd@ysted ltd-reach hﬁwnﬁde@fetﬁ@&l neyer6xgnhydiide (the nol ar

rati o of 1, 6- hexanedi ol ei c dride i 2/ and_ heated 20 to
appr oxi rrat SR 3= © %%@Fﬁ)‘ir%‘f@ e ?%ré%%e%}droxﬂ) 225[err] C
+/-5, whil mdﬂﬁﬁeﬁth@saMtnlhﬂﬁeﬂsré@hed sheagxpddeedi t rogen and
agitation werleué ncr

Wat er

éxkifgi sodium sulfonate-containing
polyester had a hydroxyl number of 43.1, and acid
number of 0.8. |

10 C. Preparation of sodium sulfonate-
containing polyester via transesterification method.

RAW MATERIAL
Fomrez 66-56%* 832 grams
15 product of step A. of Ex.3
(as 60 wt.% agqueous solution) 296 grams
Total Load 1,128 grams
Water to distill 128 grams
Theoretical Yield 1,000 grams

oo *Poly(hexamethylene adipate) glycol, molecular weight
2,000, from Witco Corporation : '
PROCEDURE _

A four neck glass flask, equipped with a

nitrogen inlet, a stirrer; a column, and a

25 thermometer, was charged with Fomrez 66-56, and a 60
wt.% aqueous solution of the product of step A. The
temperature was increased to 190°C +/-5°, while the
column was kept hot using steam. The nitrogen and
agitation were increased, as the reaction proceeded,
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t he reaction proceeded, to facilitate the water renoval , but not rapid

enough to bl ow out the glycol. 25 Hydr oxyl val ue and aci d nunber
wer e checked as needed and the | oss of glycol during the reaction

was adjusted to reach the theoretical2gwdroxyl val ue. Reacti on was
consi dered conpl ete when the hydroxyl nunber and the acid nunber
reached the expected 30 35 -27-
val ues. The final polyester had a hydroxyl nunber of ..353.6 and an acid
number of @o3facilitate the wakerr gemovEd .nibktuMOtndarighIePudh s5[err] C
The collmiyagipePbatedny Yilyaotat er condenser and ni trogen was shut

off. Aclear water solution_of 5 sodium hisulfite was added ggger const ant
agi tation and t hBYEERF¥Lagtaendd@cimvtPer WAESAReTHRE  or
ei ght hour g hbedednvemhieot inf1s woddmat iswl foas tEd@ntainiangl t he solid

content was 60% B. -Pr rati f sodi fggg;e- 10
cont ai ni ngpﬁgp’?gﬂaér had a MWW%RP&%%e% o%fjg%He‘l)s('ane ISIPet D
457 grads a suPfodate pblyesgek, dfisberded in wateyr 6RIM .@3sikieous

sol ution) 41.ar AL ' trated a 532-graﬁs
Tot al Loadangi tnd ﬁqépekéedNﬁdTyéfé%%gqﬁﬁg%s ra %](%ﬁ&nin Cat al yst

0.08 gransstabipitsr to distill . 188 grans

10
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Theoretical Yield 942 grams 20 PROCEDURE

A four neck glass flask, equipped with a nitrogen inlet, a stirrer, a
colum, and a t hernoneter, was charged with catalyst, 1,6- 25
hexanedi ol , a 60 wt. % aqueous sol uticiof the product of step A, and
adi pic acid. The tenperature was I ncreased to 190[err]C +/-5 while the
col um was kept hot using steam The nitrogen and agitation were

i ncreased, as the reaction proceeded facilitate 30 35

- 28- the water renoval, bugzﬁgpigaﬁid enough to bl ow out t he
glycol .1 . A. H}Pd:re@@ﬂat\iairueafaladimw nfeyd desne fidlecked as
needed and tg 0SS ql @ N uring the reaction was adj usted to reach
the theor etir aPuﬁ?@F%%ﬁ "0’ - 5 Reaction was consi dered conpl ete when

t he hydr oxRAW MATERTAE and the aci d nunber reached the expect ed
val ues. Thg_gkr&lnesqduu?lgil f onat e- cont ai ni ”96350 d}cgny;ster had a hydroxyl
f Z43. C.

nunber and 4 nunber of 0.8. 1 Prepar ati on
of sodi um Waltegnat e- cont ai ni ng polyesteﬂaﬂ5934%§Bester|f|catlon
met hod. Sodium Bisulfite 414 grams

t-Butyl hydroperoxide ' 42 grams

PROCEDURE

A four neck glass flask, equipped with a

10 nitrogen inlet, a stirrer, a water condenser, and a
thermometer, was charged with 2-butene-1,4-diol. A
clear water solution of sodium bisulfite was added
under constant aéitation, then t-butyl hydroperoxidé
was added. The temperature was maintained at 75-80°C

15 for 24 hours. The conversion of sulfonation was 70%,
and the solid content was 50%.

B. Preparation of sodium sulfonate-

containing polyester.

20 paAW MATERIAL

1,4-Butanediol 773 grams
Product of step A. of Ex. 4

(as 50 wt.% agueous solution) 299_grams_

Adipic Acid 1,089 grams

25 Total Load 2,161 grams

Organotin Catalyst ‘ 0.14 grams

Water to distill. 445 grams

Theoretical Yield 1,716 grams
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RAW MATERI AL Fonrez 66-56* 832 grams 15 Product of

step A of Ex.3 (as 60 wt. % aqueous sol ution) 296 grans Tot al
Load 1,128 grans Water to distill

128 grans Theoretical Yield -31- 1,000 grams 20

*Pol y(hexanet hyl ene adi pate) glycol, nol ecul ar wei ght © 2,000, fromWtco
Cor poration PROCEDURE A four neck glass flask, equipped
with a ' inlet, a stirrer, a colum, and a 25 thernoneter, was
char ged_wi t 66-56, and a 60 wt . % aqueous sol ution of the

pr oduct i step A The four tm&@er@aﬁ% fleask nce@aipred ovit[arr] C
+/-5[err], fc?%érp%.nletcoiuéﬂle react| c%ﬁlsq\lgdséeam The nitrogen and

agitation were creased proceeded 30 35

- 29- ther MRSt Y at¥as HNIEIRS W’e%\/%ﬁ‘ta%tn& 43apid enough | to bl ow
out thg gl mTh ar%edlclnl tahe 50 W?/deoa@hed@é USo el G | I Ntisder weLedchecked
as needed. e final sodium su at e; cont ai ni est ad a
hydroxyP niRfRIUGE of Steme- 'po‘?‘%‘i]ﬂs BG4t OnaT%ep€Wé§¥% T8i spersed in

wat er very wasiincreasedngb t180 W s+pé-r5°ed widl lyee tthay - cobelrumars twaeet ed good
stability. képt hot using steam. The nitrogen and agitation were
increased, as the reaction proceeded, to facilitate

the water removal, but not rapid enough to blow out

10 the glycol.

Hydroxyl value and acid number were checked
as needed and the loss of glycol during the reaction
was adjusted to reach the theoretical hydroxyl value.
Reaction was considered complete when the hydroxyl
15 jumber and the acid number.reached the expected

values. The final sodium sulfonate-containing
polyester had a hydroxyl number of 96.8, an acid

number of 3.9.
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-32-

EXAMPLE 5
_ A. Preparation of adduct [half ester from
ohe mole of maleic anhydride and one mole of
diethylene glycol].
RAW MATERIAL :
Diethylene Glycol 1559 grams

Maleic Anhydride 1441 grams
Total Load 3,000 grams
Theoretical Yield ' 3,000 grams
Sodium Bisulfite _ - 1,499 grams
Water : 4,499 grams
PROCEDURE

A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a water condenser, and a
thermometer, was charged with diethylene glycol and
maleic anhydride (the molar ratio of diethylene glycol
to maleic anhydride was 1/1), and heated to
approximately 80°C. After two hours, a clear water
solution of sodium bisulfite was added under constant
agitation and the temperature was maintained at 75-
80°C for eight hours. The conversion of sulfonation
was 100%, and the solid content was 50%.

B. Preparation of dicarboxylic acid-
terminated sodium sulfonate-containing polyester.



- 30- EXAMPLE 4 | A. Preparation of

adduct [ 2-(sodiosul fo)- 1, 4-butanediol] (50%. RAW MATERI AL

2- But ene- 1, 4- di ol 359 grans 5 Water

765 grans Sodi um Bi sul fite -33° 414 grans t - But yl
hydr oper oxi de 42 grans PROCEDURE A four

neck gl ass flask, equipped with a 10 nitrogeninlet, a stirrer, a water
condenser,gagggﬁ¥¥%¥u%$ernnneter, was- charged with 2-butene-1,4-diol. A
cl ear te sodi um bi sulfite was added under const ant

agi t ati on, Diferhytleana y@ydaddr oper oxi de was 2HYeILamPe t enperat ure was
mai nt781yned Aod -@Q{@rg{&e% >, d@rekds hours.  The conversion of sul fonation
was 70% S el dntieoM@si ¥ 359 grams B. Preparation
of sodi um sul fonat e- cont al ni ng pol yestey. f? W MATERI AL
1, 4- But anediafial Load 773 grams{'8 FoytRt of step A of Ex.
i 089 (ap ﬁgﬁﬁﬁznﬁggl ol ution) 299 grrpasgramsAdi pic Acid

, grans otal, Lo, : 2,161 grans Organotin
Catal yst Water to distlilg 14 grans Wat er %%Pd$E?T?|g )
445 grams Theoltanicil caleM el d 1,462 gudmgrams 30 35

10 PROCEDURE | :
A four neck glass flask, equipped with a

nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with catalyst, diethylene
glycol, a 50 wt.% aqueous solution of the product of
15 step A., and adipic acid. The temperature was
increased to 180°C +/-5°, while the column was kept
hot using steam. The nitroéen and agitation were
increased, as the reaction proceeded, to facilitate
the water removal, but not rapid enough to blow out
20 the glycol.

Hydroxyl value and acid number were checked
as needed. Reaction was considered complete when the
hydroxyl number and the acid number reached the
expected values. The final dicarboxylic acid-

25 terminated sodium sulfonate-containing polyester had a
hydroxyl number of 13.6; and an acid number of 108.7.
The polymer, a diCarboxylic acid-terminated sulfonate
polyester, was dispersed in water very easily, and the
dispersed polyester demonstrated good stability.
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- 31- PROCEDURE 1 A four neck glass flask, equipped with a

nitrogen inlet, a stirrer, a colum, and a t hernoneter, was charged
with catal yst, 1,4- but anedi ol , the 50 w. % aqueous solution of the 5
product of step A, and adipic acid.”“The tenperature was increased to
150[err]C +/-5, while the colum was kept hot using steam The nitrogen
and agitation were I ncreased, as the reaction proceeded, to facilitate
the water renoval, but not rapid ggzggggigdeOM/out 10- the glycol.

Hydr oxyl val ue and acid nunber we as needed and the | oss of

gl ycol during the reaction was adjusted to reach the theoretical
hydroxyl val ue. Reactp bt I Dl AR GO L Sy tigomydr oxyl 15
nunber and the acid nunber reached the expected val ues. The final

sodi um sul PEfafel&Atamalfic anhysinida énqqﬁleamﬂ?cﬁcﬁ&ll rfmber of 96.8, an
aci d nitenediol]q. 20 25

5 RAW MATERIAL |
1,4-Butanediol 670 grams

Maleic Anhydride 730 grams
Total Load 1,400 grams
Theoretical Yield - 1,400 grams

10 sodium Bisulfite ] 758 grams
Water . '2,158 grams
PROCEDURE '

A four neck glass flask, equipped with a
nitrogen inlet, a'stirrer, a water condenser, and a
15 thermometer, was charged with 1,4-butanediol, and
maleic anhydride (the molar ratio of 1,4-butanediol to
maleic anhydride was 1/1), and heated to approximately
80°C. After two hours, a clear water solution of
sodium bisulfite was added under constant agitation
20 and the temperature was maintained at 75-80°C for
eight hours. The conversion of sulfonation waslloo%.
the solid content was 50%, and the pH of the aqueous
solution was 3.0.
B. Preparation of sodium sulfonate-
25 containing polyester. ' '
RAW MATERTIAL

1,4-Butanediol _ _ 1,829 grams
Product of step A. of Ex.6 _ _

(as 50 wt.% aqueous solution) 1,625 grams

30 Adipic Acid 2,313 grams

35



35 -32-

EXAMPLE 5 A. Preparation of adduct [half ester from one
nol e of mal ei ¢ anhydri de and one nol e of di et hyl ene glycol]. 5 RAW
MATERI AL Di et hyl ene d ycol -35- : 1559 grans Mal ei ¢
Anhydri de ' 1441 grans Total Load

3,000 granms Theoretical Yield 3,000 granms 10 Sodi um
Bisulfite 1,499 grans Wat er

4, 499 g{anEOtal PREEEDURE A four & HAS fl ask, equi pped

with a Origanoddm iCateflyst stirrer, a water Quidenrieims and a 15

t her nonet e s .char.ged .wi t h di et hyl ene gl ycal d mal ei ¢ anhydri de
(the nol ar 5\rr‘-"él:}tg;}o t-‘o%f %’d‘%g’tlhlm ene gl ycol to ﬁm‘%%c %ﬁ%ri de was 1/1), and
heat ed t o Theoxgfigailmitiellyd 80[err] C. After tvo30durgssams cl ear wat er
solution of sodiumbisulfite was added under constant 20 agitation and the
tenpera$ure was nai ntai ned at 75- 80[err] C for eight hours. The

conver st onEBRCEDURENat i on was 100% and the solid content was 50%

B. Preparation of di marqu&yhie@kagil%s £1aleR!, M@l ppeON A a
sul fonate- gont aLahNd R ®S! 8hir%2r, a column, and a
thermometer, was charged'with catalyst, 1,4-
butanediol, a 50 wt.% agqueous solution of the product
10 of step A. (pH 3.0), and adipic acid. The temperatufe
was increased to 190°C +/-5°, 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 blow out
15 the glycol. _

' Hydroxyl value and acid number were checked
as needed and the loss of glycol during the reaction
was adjusted to reach the theoretical hydroxyl value.
Reaction was considered complete when the hydroxyl

20 pumber and the acid number reached the expected
values. The final sodium sulfonate-containing
polyester had & hydroxyl number of 52.2, an acid
number of 2.1. The polymer, a sulfonate polyester,
dispersed in water very easily, and the dispersed -

25 polyester demonstrated good stability. However, the
loss of the 1,4-butanediol was significant and
tetrahydrofuran formation from 1,4-butanediol during
the reaction was observed. '

' C. Preparation of sodium sulfonate-

30 containing polyester.
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30 35 : - 33- RAW MATERI AL

Di et hyl ene Gycol 530 grans Product of step A of Ex.5
(as 50 wt.% aqueous sol ution) 359 grans Total Load
1,832 grams 5 Organotin Catalyst -36- 0.12 grams Water to
distill 370 grams Theoretical Yield
1,462 grans 10 PROCEDURE . A four neck glass flask
equi pped with a nitrogen inlet, a stirrer, a colum, and a
t her nonet eRAWWMATERIAL-( Wi th catal yst, diethylene glycol, a 50 wt.%
?queouS%sohuhlQﬂtgheahglprodgct of 15 step A3g4anrfaml pic acid. The
enperature | ncr ease to err]C +/-5, while the colum was kept
hot using SFESHC §ﬁ€ FitEPo [geulon g  ncreased, as the
reaction prod@&ded, o %0(‘1&5 9Rd wamg1 , but not rapid
enough to hdawieudci@ the glycol. 562 Hydmuxyl val ue and acid
number yer o153 teda ' 1,169 grams

Organotin Catalyst 0.08 grams

Water to distill : 252 grams

Theoretical Yield 907 grams

10
PROCEDURE

A four neck glass flask, equipped with a
nitrogen inlet, a stirrer, a column, and a
thermometer, was charged with catalyst, 1,4-

15 butanediol, a 50 wt.% aqueous solution of the product
of step A. (pH adjusted to 4.0 by adding sodium
hydroxide), and adipic acid. The temperature was
increased to 190°C +/-5°; while the column was kept
hot using steam. The nitrogen and agitation were -

o0 increased, as the reaction proceeded, to facilitate
the water removal, but not' rapid enough to blow out
the glycol. |

Hydroxyl value and acid number were checked
as needed and the loss of glycol during the reaction

25 was adjusted to reach the theoretical hydroxyl value.
Reaction was considered complete when the hydroxyl
number and the acid number reached the expected
values. The final sodium sulfonate-containing
polyester had a hydroxyl number of 57.26, an acid

30 number of 2.0. The polYmer, a sulfonate polyester,

35



as needed. Reaction was considered conpl ete when the hydr oxyl nunber
and the acid nunber reached the expected val ues. The final dicarboxylic
acid- 25 term nated sodi um sul fonat e-cont ai ni ng pol yester had a

hydroxyl nunber of 13.6, and an aci d-3lUnber of 108.7. The polyner, a

di carboxylic acid-term nated sul fonate pol yester, was dispersed in

wat er very easily, and the dlspersed pol yest er dennnstrated good
stability. 30 35

EXAMPLE 6 dispersed in Wa@ﬁrIﬂ%ﬁ%ﬂ%ﬁﬁ%ﬂYmﬁaQQkﬁkﬁ T*ﬁ??r%%qer fron1 one

ol e of nakRj1e, e@ﬁatdrdéibrawkaww ol tab#tity. wsanediol]. 5 RAW
MATERI AL

Anhydr i de tetfé%%%fé?hran fqﬁ&?&ﬁgﬂn§rom H%ﬁéﬁu67q%ﬁrgfsdurln&hlelc

1,400 granthe reHuiroet iweed obssmired. 1,400 grans 10 Sodi um
Bisulfite 758 grans Wat er

2,158 grans PROCEDURE A four neck glass flask, equipped
with a nitrogen inlet, a stirrer; a water condenser, and a 15

t hermoneter, was charged with 1, 4-butanediol, and mal ei ¢ anhydride (the
mol ar ratio of 1,4-butanediol to



mal ei ¢ anhydride was 1/1), and heated to approxi mat el 80[err]C. After
two hours, a clear water solution of sodi um bi sul fite was added under

MO .

constant agitation 20 and the tenperature was naintain
ei ght hours. The conversion of sul foltion was 100%
was 50% and the pH of the aqueous sol ution was 3.

|

or ¢

* B.

Preparation of sodium sul fonate- 25 containing pol yester.

1, 4- But ane
Ex. 6

Tot al Load
0. 36 grans
Theoretica

RAW MATERI AL

%®§EQ§§ﬂﬁ;Aiﬁﬁﬂnﬁﬁf 1,829 grans Product of step A. of
: s sol ution)

2,313 grans - 33. A process for producing a water- .35

1,625 grans 30 Adipic Acid

dispersible polymer, compbi&ihdil ams Organotin Catal yst
ispeggible polymer, comphifihdl

1
| Yield (a) sulfonatinq41agb@tg}yélrﬁg1ica]§1yg%@%i3 ra}ﬁ@ns ted

- A four neclofioresild decaBdPReAcH Has no arunidtigenrinyg ednda stirrer, a

d.a . thernonet er, h d with t al yst, 4-
Vi it PRI ST OF Sttt R a1t (o
3.0), and gdiom ahacigtoubhedmyipariaigiiof - OH WasCOOH;, easkd-NH,,190[ err] C

col um, an
but anedi ol

+/-5[err],

nyﬂ %.%%ﬁf%%a'?ﬁ&Mgaent to form a sulfonated
monomeric precursor which is substituted with at least
two groups selected from the group consisting of -OH,
-COOH, and -NH,; and

(b) reacting said sulfonated monomeric
precursor with a difunctional second monomer capable
of undergoing condensation polymerization with said
sulfonated monomeric precursor, under conditions
whereunder said precursor and said second monomer
undergo condensation polymerization.

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_séid ethylenically unsaturated monomeric
precursor is a diacid.

4. A process according to Claim 3 wherein
said diacid contains 4 to 36 carbon atoms.

5. A process according to claim 3 wherein
said diacid is selected from the group consisting of
maleic acid, fumaric acid, mesaconic acid, citraconic
acid, muconic acid, itaconic acid, and 2-vinY1-butane-
1,4-dioic acid. |



kept hot using steam The nitrogen and agitation were Increased, as-the
reaction proceeded, to facilitate the water renoval, but not rapid

ﬁﬂ(r)rgg:] ;[Agrtejl g\tgvegllitedlis thgsglngggle.d angdg-he | oss owglr%g: Immﬁuﬁi“ﬂﬂmmlll

reaction was adjusted to reach the theoretical hydroxyl Valbe. " °
Reaction was consi dered conpl ete when the hydroxyl 20 nunber and the acid
nunber reached the expected val ues. The final sodi um _ -
suLLonats-gontainingG. A paiopestse adoaddinigy dicoSllaimurtbeyr & 52. 2, an acid
nunber o e I f Lspersed in water
very easilyyégﬁggt §33¥gﬁéﬁéggiﬂirq%gﬁ%g@?@%%ﬁgﬁ%H%??%ﬁe good stability.
However, tpeecursigsdsorn: hahydride.anedi ol was significant and

tetrahydrof uran formgti an Jile@sh 4cekraned ®lo @UHiN0 6 whdeid eaction was

obser ved. C. Preparation of "sodium sul f - i ni
p0|yester_said anhydride conta%ns 4 to 36 carﬂén é%oﬁg@{g6_30 Contakgbyg
MATERI AL 1, 4- But @nedi @rocess according to C1394n @& avteerein Product of

ZLFS A Ofsgéa gnhydridga§s5%§§£§&%%@ %%H?f %gﬁﬁﬁﬁﬁjco&§§%éﬁﬁgm Adi pi-c
1,169 granef anh@dgddesi pfCasdlejst acid, fumaric adidig mgsaeonic Water to
gbitélgns acid, citraconic?3gi¥,2MRiconic! RRAE! 1GBlcofliR Geia,

and 2-vinyl-butane-1,4-diocic acid.

9. A process according to Claim 1 or 2

- wherein said ethylenically unsaturated monomeric
precursor is a diamine.

10. A process according to Claim 9 wherein
said diamine contains 2 to 12 carbon atoms.

11. A process according to Claim 9 wherein
said diamine is a diamino-alkene containing 2 to 12
carbon atoms.

12. A process according to Claim 1 or 2
wherein said ethylenically unsaturated monomeric
precursor is a diol. '

13. A process according to Claim 12 wherein
said diol contains 4 to 10 carbon atoms.

_ ' 14. A process according to Claim 12 wherein
said diol is selécted from the group consisting of
1,4-butenediol, 1,4-butynediol, glycerine allyl ether,
glyceryl monostearate, and mono-acrylates and mono-
methacrylates of glycol.

15. A process for producing a water-
dispersible polymer, comprising :



10 PROCEDURE A four neck glass fla

hitrogen inlet, a stirrer, a colum, and a t hernonet er, was charged
with catalyst, 1,4- 15 butanediol, a 50 wt. % aqueous s

pr oduct of step A (pH adjusted-mm-4 0 by addi ng’

and adi pic acid. The tenperature was increased to 190[err]C + 2 5; mhlle
the col umm was kept hot using steam The nitrogen and agitation were 20
increased, as the reaction proceeded, to facilitate t he water renoval,

but not rapid enough (Bd BEaRténg an ethylenjcally unsaturated |y qroxyl
val ue and aﬁhgldwaaebrwa&ac@aewm@h hasasionaedad tard rtihry | esdiafl gl ycol

during the reag¢tion s a ted to reach. .th oretical hydroxyl

val ue. oﬁegé?méﬁewaéwgoﬁs?hgigﬂaééﬁﬁléﬁgnﬁheﬁciﬁs & oxyl nunber
and the acrdaaumbﬁrpreduhedwhheheipeaxeulfonauddumnndﬂuaﬁibud sodi um

S0 homax e 29062 Blhini e PRLMEH T MABRsDGUH U N oGk 20 20T

30 nunber &F pol’y, , a-suffonate
-37- di gpenpedsehemedr f\r@my -S80H,y - Oéfn@mdnel\mizspénéed pol yest er

demonstrated good st agh! beyethiaql bl ahwa%ft%an PrIdR QR e N
1, 4-butanedi ol during the reaction was observed _
difunctional second monomer capable of undergoing

condensation polymerlzatlon with said sulfonated
monomeric precursor, undér conditions whereunder said
precursor and said second monomer undergo condensation
polymerization.

16. A water-dispérsible polymer prepared by
the process of any one of claims 1-15.



- 38- VWHAT IS CLAI MED | S: o 1 A process for producing a water-

di spersi bl e polymer, conprising: : "7 (a) sul fonating an ethylenically
unsat urated nononeric precursor which has no aromatic ring and which is
substituted with at | east two groups4%<l ected fromthe group consisting of
-OH, -COOH, and -NH err], with a sulfonating agent to forma sul fonated
nonomeri c precursor mhich is substituted with at | east two groups sel ected
fromthe group consisting. of. -NH err]; and ' (b)
reacting said sul f on&PeatA P 2S¢ t h a di functional second -
nononer+ capabl e of under90|ng condensatlon polynerlzatlon with said

sul fonat ed monomer i CpRLeGULSQr 1 o B0RE o Ny eIl Gratsgy 4 precur sor
and said second nononer er o condensati on olynerlzatlon 2. A
process acd@SQEWQ1béeCD@ﬂNmsrﬁhep@nthﬁ%L§n%M fcorganfptd@nt i s sel ected :

from the gpeYRmeens sbich8s0bollydlcirlsts ant pllivaitlifddes pyand m xtur es
t her eof procesS accqrding to Iiale?r&q&} I[Hevyhereln sai d

ethylen?caﬁp}feﬁééﬂﬁgaﬁﬁdeﬁﬁﬂaﬁ@#F@ Ld¥e ric 4. A

process acg%éh&aotrOanaltmﬂeﬁ WordRinga%dicth @oagmerdeiimj thet to 36 carbon
at ons 0ocess acc &gln to cJaim3 wherein said diacid is

sel ect ed fFBFrlfPHQtﬁfioQ%eEbﬁ?f &t i S IEP™S ymari ¢ aci d, nesaconic
acid, citraconic acid, nuconic acid, itaconic acid, and 2-vinyl -butane-
1,4-dioic aci d. '

10
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A a

-89- o - 6. A process accordlng to Cla|n11 or- 2 wherein said

ethylenlcally unsat ur at ed nononeri ¢ precursor -is an anhydri de. 7.
A process according to'Claimb6 wherein said anhydride contains 4 to 36
* ¢ar bon at.ons. 8. A process according to Caim6 wherein said

anhydride is selected fromthe group cansi sting of anhydrldes of maleic
acid, fumaric acid, nesaconic acid, citraconic acid, nuconic acid, itaconic

acid, and 2-vinyl - bl&ﬂﬂl‘ﬂm@dﬂ'@ POFERMINATED POIYMER®' OCESS accor di ng to
Claim1 or 2 wherein smt@ﬂjm @%fgmnémarl C precursor is
a di ami de. POLUMERIBARTIONS ORCEU Qggiﬁﬁ“ﬁBﬁGﬁmggwhereln said

di am ne contains 2 to 12 carbon atons. process according to
~Caim9 wherein saidia ) o-al ntal ing 2 to 12 carbon
at ons. 12. A p?gc%gg%aggg)r %rpﬂ'g’ eél qﬁerﬁ o™ ag"?ﬁer ei n said -

ethylen|caﬁF?Pﬁﬁ§&P&ﬁaE@GYW@ﬁ§neﬁmd pogeupsort i lamiyolto water- 13. A
process aCQQSﬂEﬁT@leer@ﬂW‘e%%e%er%b’ly%ﬂ'h‘ae‘s' %.lndcwzl@ﬁqﬁle‘ké Qg0 carbon -

at ons. rocess accordlng to C rein said diol is
sel ected fP&httAE ﬁpgﬁﬁgyﬁﬁ §i $hex§o8f- 1, 4- but enediol, 1, 4- but ynedi ol ,

gl ycerine allyl ethe@plgbﬁme&ykegaﬁgstegra@gl @@dfﬁg@%m%aéﬂggés and nono-
nethacrylaégi Eh@&y%%s1n f d 15., A process produci ng a water -

di spersi bl 8-pd yner COmp fgd use in a'variety o - 40-
appllcatlons, 1nc1ud1ng coatings, paints, adhesives,

-and the like. Such resins are typically soluble in

organic solvents, and exhibit little if any solubility

in aqueous solvents or in systems in which water and a

second water-soluble solvent are employed. Organic

solvent-based resin solutions have thus typically been

10

'15 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.

20

There has, therefore, been a growing interest in the
use of aqueous resin compositiens as a means of

25 eliminating toxlpity problems associated with organic
solvents, 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

30
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. (@) reacting an ethyl eni cal |y unsaturated anhydri de or diacid which has no
aromatic ring, a diol or dianine, and a-sul fonating agent, to. forma
reaction. product which is a sul fonated mono- or ‘bis- ester or amde, whi ch
" i*s substituted with at least two groups selected from-COOH, -OH and - NH2;
and . (b) reacting said reactigp-product with a difunctional second

- nononer capable of undergoing condensatlon polynerlzatlon with said '

. sul fonat-ed fﬁ“ﬁﬁﬁﬁ“é&ﬁ&ﬁﬁﬁﬁSﬂﬁRM haler sald precursor

and sai d s@ SN 16. A
mater-d|5o-p '
1-15. ' ABSTRACT OF THE DISCLOSURE

Disclosed is a process for producing water-
dispersible polymers, particularly condensation
polymers such as polyesters, and polyamides, by

5 sulfonating an ethylenically unsaturated monomeric
precursor and then condensation polymerizing the
sulfonated precursor with a second monomer.
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