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PCT/LUS96/..04204 . _ASSOCE ATI VE
THI CKENERS Th| s invention relates to synthetic

nori oni ¢ hydr.ophobi cal | y- nodi fi ed wat er - sol ubl e pol yethers with
the ability twoyémsssi fy water-based systens. Pétesssmatoabl e
polynmers (also commonly referred to as "thickeners" or "r heol ogy

nodi fiers") are widely used in nmany industrial water-borne systens as 5
additives to nodify their flow behavior. Thickeners increase and mai ntain
Vi scosity at required | evel s under specified processing conditions
and end use situations. Thi ckeners are useful, for exanple, in
decotrative and protective coatings, paper coatings, cosnetics and
personal care itens, detergents, pharmaceuticals, adhesi ves and
seal ants, agricultural formulations, and petroleumdrilling fluids. 10

One such highly filled agueous system where the thickener is used in a
decorative and protective coating is latex paint, which is conposed of a
~di spersion of a polymeric latex, pignents, clays, and other
additives in water. Thi ckeners can be materials that are
either naturally occurring or Mﬁmcﬁﬁﬂ&hﬁﬁdﬁﬁﬁ# manuf act ured. Natural

t hi ckeners, for exanple, include caseln, al gi nates, gum tragacanth,
guar, xanthan gum | ocust bean gum and nDdlfled cel l ul oses, such
as hydroxyet hyl cel | ul ose, hydroxypropyl cel | ul ose, and

car boxynet hyl cel | ul ose. These natural products vary in their thickening

ef ficiency. One of the drawbacks of natural product based

t hickeners is that they are subject to

This invention relates to synthetic nonionic hydrophobically-modified water-
soluble polyethers with the ability to viscosify water-based systems.
Water-soluble polymers (also commonly referred to as “thickeners"” or

“rheology modifiers”) are widely used in many industrial water-borne systems as

5 additives to modify their flow behavior. Thickeners increase and maintain viscosity
at required levels under specified processing conditions and end use situations.
Thickeners are useful, for example, in decorative and protective coatings, paper
coatings, cosmetics and personal care items, detergents, pharmaceuticals,
adhesives and sealants, agricultural formulations, and petroleum drilling fluids.

10 One such highly filled aqueous system where the thickener is used in a
decorative and protective coating is latex paint, which is composed of a dispersion
of a polymeric latex, pigments, clays, and other additives in water.

Thickeners can be materials that are either naturally occurring or
synthetically manufactured. Natural thickeners, for example, include casein,

15 alginates, gum tragacanth, guar, xanthan gum, locust bean gum, and modified
celluloses, such as hydroxyethylceliulose, hydroxypropylicellulose, and
carboxymethylcellulose. These natural products vary in their thickening efficiency.
One of the drawbacks of natural product based thickeners is that they are subject to
microbiat attack and hence, addition of antimicrobial agents to the formulation is



m ct obi al attack and hence, addition of antim crobial agents to the

formulation is WD 96/315%¢0Q

PCT/ US96/ 04204 required. Synthetic thickeners include various
acrylic polyners, alkylene oxide pol ymers, am de pol yners, and
mal ei ¢ anhydriydgepfky™ers. These synthetic t hi ckenepgrasidnbg

ei ther honopolyners or copol yners. The hydrolytic stability of

sone of these polyners depends on the pH of the solution and others are
sensitive 5 requitesty i SYDYhelis HSHRSISINIUReUANQNsasHiE Polymest Alylene oxidengs .
Regar dl ess of "‘heﬁoﬁﬁr{eri,h&nf&' pORRGS, Arid Makie adhydrideSpolmeérs! Theid synthetic

desirabl e that ] it be water-soluble to have optinmal properties as a
t hi ckener in var itbigkenges ean bg gither homopolymers aricopglymere The hydroicstability gb)| e

pol ymer" refers tg an mk)ﬁﬂ%ﬁ&g%ﬂb&&%ﬂh%#&? the solution aridSothéts ‘4R Eeds%re

wat er and, by being sol uble, produces a change in solution viscosity,
refractive Bndex,toyariougrcompongatsdiognallyfoynd Braqueous coatings. Typically, a

smal | amount (about Oﬁll‘érd%s% r@la heP{HRIthitkerer iscndtGray SEdyhtrietic, it is desirabéé‘ﬁx‘i?d

to latex paints to ac ve the ow ng performance characteristics during
manuf act uri ng, stideayeatersaiubigia havaaptimsl properties as a thickeneg jn vasious water-based

formul ation, 15 gygtems. T?L tfe)r{ng br-§lulé pSifinkr i r@érLio dﬁ} '&gggance which

particles (latex, "pignment, : . i'ng storage,
'c) Good film bui ligiseluble imwatesiandchy kairg seulie mreducesia ¢change in snldtionyissosibout

‘excessi ve Rpush qeaddld eQ{\g%urface tension of water. d) G0od roller spatter
resi stance, 20 e excessive saggi ng after application on a

vertical surface, andTypically. a s_mall amoun} (abeutdy1 IM\%MM‘@'MND‘@)PNWE&SH& .
formation of a S%BL@MQQ%& ﬁgﬁ’&ﬁe\fe' th&¥ollowing performance characﬂrﬁhfﬁmgig :
The a etic

appear ance. ove nentioned natural and synt

t hi ckeners provi deanyfacturingnstorage, and applisgtienss of thi ckeni ng effici ency and
application properti egy YForm Jinvariably 25 fail to provide all
of the key performance properties I n gloss paints. These key

properties Bncl ude goed Prevantian ofsettlingof the,suspended particigs (Jatexpigment; ele.)ar e
generally of fereg fmﬁ s?@ﬂa&ﬁ.nt - based al kyd pai nts. Another drawback
of these thickeners is that t hey may have poor conpatibility with
t he various paint i ngfedBeed fiim build during applicatigns to aghjeveefficiantbiditg without
performance defici enci esg,plasitd bRIdhioP Pétler Htllgc keners, 30 a new cl ass of
t hi ckeners, conmonly referred to as "assocl ative thickeners", has

been desi gned and confler @ped rollegispattes resistanceschal | er and P. R Sperry, in

20 e) No excessive sagging after application on a vertical surface, and
) Good flow and leveling for the formation of a smooth and continuous film
with good appearance.
The above mentioned natural and synthetic thickeners provide different
degrees of thickening efficiency and application properties. However, they invariably
25 fail to provide all of the key performance properties in gloss paints. These key
properties inciude good film build, flow and leveling, and gloss which are generally
offered by sclvent-based alkyd paints. Another drawback of these thickeners is that
they may have poor compatibility with the various paint ingredients.
To eliminate some of the performance deficiencies of conventional thickeners,
30 a new class of thickeners, commonly referred to as "associative thickeners", has
been designed and commercialized (See E. J. Schaller and P. R. Sperry, in
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PCt/ US96/ 04204 _" Handboak of-Coaiings—~Addi-tves”, Ed. L. J. Calbo——
Vol . 2, p. 105. 1992; Marcel Dekker, Inc., New York). These
t hkckeners are hydrophobical |l y-nodified water- sol ubl e pol yners.

They under go wodesissel ecul ar associ ation in aqueous sol ution ROWUSI604204
t hereby exhi bit enhanced solution viscosity. They can al so adsorb onto the

5 di sper sed- phas rti 0 o) s, ¢ | andes t [ rma
hr ee- o HaRRoBR s Craias e by BT VR L £ 15 {982 ikeceP
properties not offfekkerdiney, New York). These ¢hickemeed arehydiophobisally-medifiedwatenai ned
commercial inporta : P L de. i_at i.
t hi ckeners are néﬁ@%&p%tmscyqyyundemo mPéré?%%@?ﬁég%%?ﬁgﬁﬁﬁsﬁf}%ﬁ? s§{uh§r?and
hydr ophobi ¢ gr oughdréhyeextibiCenhanced sélution vistasitp. Theyi danadsdld&dsorb onto the

ol ysaccharide. They are_ discl d in U S Patents. 4, 20 0. .4 2 802,
b’ 5 2 @EPeRge phass paricics of an Aqnous aIfrIFen N8 MetPdy i ANae o
aSSOE ati \(/e thi) cbleaﬁe-rl ks‘iondﬂhdﬂimﬂh(mhmhbyprovide imp;mdipbimﬂrmhmwoabffded by

ur et hane (HEUR ock .copal yprers nstitute an inportant cl ass.
"They are discl oséﬂ"YWt'EP%.'L%gg@ﬁfégﬁx W,%m%"ﬁyﬂ?gwma%, 281, 654. 15
IThese are | ow Im)l ef“' a:onmhaiﬁﬁclﬁcuasﬁdiesmblemdel nbpsI mndmwbmeﬂﬁtayl vial y
ow nmol ecul.ar wei ght _pol ye n co cu ight Lerr
10.'000) i t h hycioEEisL# el amoint & ¢ Yyl oun (Ceita: Hlihprig Aifpamed
resul ting gqgpol yipeiysit¢charie dTheyare discidsed!inUSS. Patents 4,228,277 4243,60Renhdar e
characterized by having three or nore hydrophobes - two of whi ch

are term nal and L) i nder are imternal. The hydrophobic groups are 20
connected to the hydagangldomnisrtisEiadhiome syrmietidcasBbciative thitkenet, hydrsphabically

| i nkages. .. .1he ration I s al so disclosed in U S
Patents 4,499, 23medfied e‘h°’gfli§g€9 @d&kdﬁ'igﬁskﬁeeﬁmw% mpopRBti de
superior Vviscosi fodseOTHEyEI@ dischised in U.S. Pateitls 4,099,02804,165802\ mnd|s2636540 i n

aqueous systens. Processes for. the production of HEURsS wth
pendant hydpophoJbese AreJanmrleculsy weiohipalyueibanes iede Ry eprdensing sefatvely low

4,426, 485 and 4, 4tflecildit welgtt polyatiyidneagiycol (molecuIalhﬁéli?m\ﬂftb,bcmm\ﬂy@ﬂ)phobic
e_

enhanced t hi ckeni ng to aqueous stens .t hrough mc i ke .
associ ati on. dit °°Va"a'gs aFEGPé}‘/’ﬂP?'Hg m‘a’ﬁéwgep QP&F%‘@ reRhohic,pigohols

hydr ophobes are @ affrfe8Ethéyare. characterized By hiding fiired of hbré Aydrophithés 2 ewdrade

by reacting polyal kyl ene oxides with a,3(%H , E%‘I‘%/fﬁnct ilonal nmaterial, a
di i socyanate, an e terminal apd the, amainder are inlgmal; |he hydrophobic,aroups.arey; 1 |,
a hydrophobpc noRehketEdd ©the hydiophilic pulethgiRRe @Ride Blotks thréGgFPGétHane linkages. OF

a monoi socyanat e. The preparation of HEURS is afso disclosed in U.S. Patents 4,499,233 and
5,023,309. These HEURSs are claimed to provide superior viscosifying properties
and improved flow and leveling in agueous systems.

Processes for the production of HEURs with pendant hydrophobes in bunches
25 are described in U.S. Patents 4,426,485 and 4,486,708. These HEURs are
believed to provide enhanced thickening to aqueous systems through miceile-iike
association.
HEURSs with branched structure and terminal hydrophobes are disclosed in U.
S. Patent 4,327,008. They are made by reacting polyalkylene oxides with a
30 polyfunctional material, a diisocyanate, and water and end-capping the resulting
product with a hydrophobic monofunctional active hydrogen-containing compound
or a monoisocyanate.
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PCT/ US96/ 04204 Si |.Lcon- cont ai nkng- HEURs -havi ng parti cul ar
utility in paints and coatings are di scl osed in European Patent
Application O 498,442 Al. These are reaction products of an
‘isocyanate fuwobsoi38 naterial, a pol yether polyol, a nonof uRCT/U896042045
active hydrogen-contai ning hydrophobi ¢ conpound, a sil ane-uncti onal

mat eri al , and wat er. From appl i cati ons and
econom ¢ point of view the major drawbacks of HEUR t hi ckeners are

I:I heit r bh: gh c?rs]t di fIslmh%nidthlh@HE}Mavmmmmlyhmp?mts ar}dhcoatmgs are
estabilize the pain aratio erse i,C rom eaueous
phase) (G 10 d’i‘)""%ﬁ %Hﬁﬂ’eﬂ" r&Pt W@Bﬂ ication go@r‘## &S‘E?ﬁﬁﬂ'&dﬁ ct 8

No. 7. p.43, 198Gyeducts of an isocyanate fuﬁaia»ﬁanmaiéﬁﬁl irparyemf- polybIy b momﬁcd@waand
| ong chai n al kyl q5E>OX| des are ent 304, 902.

These copol $ners WFW%‘PHT&?WE’H’“&(WQER@"’ ic °°mp°“@$§c‘°6'§1'?'€‘“cﬂﬁ? al matefigl

provi de good fl oynanighteevel ing in |atex pal nts. U S. Patent
4,411, 819 describes the preparation of et hers #m ch have
branched chain structur ﬁﬁ@%?@“&ﬂ%ﬂ%?‘é‘? opig PRIt ofiiew, dhe E‘FIWHEﬁWba‘*s"f

hydr ophobes. Heuam%ﬁﬁamﬁﬁrhmhhaapamwﬁ Rakd Qﬁd'téﬂd ght
polyol with a m xture of ethylene oxi de. and at | east one ower

al kyl ene oxi de haﬂFF‘P?@“GMh%B?‘Bbﬁe&Q’BH%" oﬁcﬂgpersed particigs from thi-pauecus phaws) (C.

end- capped (¢ th 3 Bnalylnd A fF. Ridi, | Vel 58, NE.PX pURS 1988).
Low nol ecul ar wei ght ([err]9, 000) rophobi cal l'y "end- capped polyether is

disclosed in PCT Int. Appl. WO 92 08753 These are nade by coupling | ow

mol ecul ar wei ght ([ erdrlionbpo Wé@ﬁﬁéﬁ}laﬁ! biadahda VJﬁbQ:h ARANYY bpSidey e
Preparati on of | ow nol ecul ar _wel err] 9,000) hydrophobically

end- capped pol yetdigglapegdn 4). $oPatent 4,304 apgcm §oPolymess previde.pphanced gavenyis

These are made by,idc33y, Ibwa&hswrbv.ﬁgaaaﬂé\hlaab%ﬁng?ﬁ latexpé‘lhflsOh()' s with a
‘m xture of ethylene oxXid ﬁb‘{) {?\51 ene oxi de and subse 'b&uent

coupl i ng tH& al kxyl at @ds-a'i’%*e $describes the Rieparatiqnyt polyeiiers, which haye -

9,000). Since thesgndhed chaisthuetire sn&aﬁmm&mlmmagsemﬁmwoa%m
nmol ecul ar wel ght, they do not efficientl é Vi SCOSIf aqueous systens

i ncludi ng | at ex pHheyaEe made by reacting a lowmgleular |PP|Y8H!“ ? mixpee of ethyigne
mol ecul ar wei ght &&&Q{&&Qem%ews%myﬁﬂegn@q{whbe-peémeﬁ Bfons. @ i ng

term nal hydrophobes were disclosed .
- polyethers are then end-capped with a mixture of C,.-C,, aipha-olefin epoxides.

20 Low molecular weight (~9,000) hydrophobically end-capped polyether is
disclosed in PCT Int. Appl. WO 92 08753. These are made by coupling low
molecular weight (~4,500) surfactant with m-dichioromethylbenzene. Preparation of
low molecular weight (~ 8,000} hydrophobically end-capped polyethers is aiso
disciosed in U.S. Patent 5,045,230. These are made by reacting C,-C_, aliphatic

25 alcohols with a mixture of ethylene oxide and propyiene oxide and subsequently
coupling the alkoxylated aicohols with a diepoxide to form a polysther (MW ~
9,000). Since these hydrophobically end-capped polyethers are of iow molecular
weight, they do not efficiently viscosify aqueous systems including latex paints.

Latex compositions containing low melecular weight (3,000-20,000) water-

30 soluble polyethers bearing terminal hydrophobes were disclosed in U. S. Patent

3,770, 684. They were claimed to provide improved leveling in latex paints.



3,770, 684. They were clainmed to provide inproved leveling in |atex paints.
4 WD 98/ 31580
PCT/ US96/ 04204 However, these polyethers were not efficient in

i néreasing the viscosity of water and did not provide other
rheol ogi cal gyepsxEkdoes demanded in various highly filled PCT/US960320d0US
systenms. Hence, they were not versatile and econon ca

Commer ci al nonionic synthetic aSSOC|at|ve t hi ckeners exhi bit often poor and

5 . variable cdipwavenithesspalyethers weke ngkeficigntin incipasinodle Miscasiy, Mﬂ‘@é?r and

col or accept ance,gid not provide biMet Afdofogictl BFoﬁéHE%Qﬁnﬁdﬁd@& i varioli® highhdfilled
i nadequat e hiding power. A need exists in t he paint |ndustry for a

nonioni ¢ synt het iaAugeubestAms; densecReywere felversatiieandecopemical
deficiencies at a CO%&{.{:@H haﬁoﬁe%med.@aﬂoc.ahbe H&Gh&s%ﬁk%@ﬁ plodr &AW

t hat . provi des t he desired performance characteristics required
in wat er - bobne 1oraﬂable@9mpphgkty inpaipts, ag exempliedhy syneresisppaorgolor acgeptagea,se

bl ends of two or %ﬂf paint vuscosuQ'JvE?f]ﬁQtaﬁd“hﬁ&@dlﬁiéhaﬁﬁg%%?vﬂ rle8 exiisdAt ed

coating rheol ogy 'S approac way,
bl endi ng of th| cl&b@nealgt hgumfenaeemmn@eaﬁesmmwener that W"Qﬂﬁs theseal

nueractions bet hBehiifs hfi by ABLuNe dHaE e, . o 5B thckshet iknown thar

performance of the coatings are ? ten 1 n Jeopard e present
i nvention rel at eprovides albthedesised performapes mpdeaﬂwéseqmm in water-borne

conpri sing ,g bac%ﬁﬁ@p heﬁE@t\éh' Eﬁt ts! dré Friide RO L¥ShIBAGS Wrbr%o? ends

that are ed wth I'C groups.
present inventi orﬂlfofelatltbleme%tﬁtQQﬁ"QVG the targeted soating rheeipgy.iWNjileathis approach

7 el SSRGS SR i

conpound in the MMHB'GH&FGQ&OMBWGHM individual {hickener,thgstahility andxy

| tal - oSk b ti
Phe’ backbone w t HEqorAkeXuNrEdangs ERAGien i Joopary ) reacting
hydr ophobi ¢&l |y end- capppcespm ly(fm@naelatqsrto [dewater-gaiuble copalymerx@mposition
The present | nve%}nﬂﬂsafw#pt%&@ Hactal-brikeld) méd’ﬁ&i} the ﬂhgérbgerh s, that & e,

conposi tion an aqueous sol ut1on
end- capped pol y[ &apped with hydrophobic QI’OKIE%aI pol yet her] conposition nentioned

~above. Tﬁépm}k)(ﬁmeﬁnﬂk i$ QEc%ﬁr@&@@bL@V&Q&éﬁ? %\éﬁpgg n found
to efficiently thicken wat er - base syste I'nc I ng | at ex
pai nts and provi dydmhobppalw-capped poly(acetal- or ketal-polyether) comprising

20 a} reacting an alpha, omega-dihydroxy polyether with a gem-dihalide

compound in the presence of a base to form an alpha, omega-dinydroxy
poiy[acetal- or ketal-polyether] backbone, and

b) reacting the backbone with a hydrophobic reagent to form the
hydrophobically end-capped poly(acetai- or ketal-polyether).

25 The present invention further relates to a film forming, coating compasition
comprising an aqueous solution of the hydrophobically end-capped poly[acetal- or
ketal-polyether] composition mentioned above.

The polymers of the present invention have been found to efficiently thicken
various water-based systarhs including latex paints and provide an improved

30 combination of paint properties (stability, flow and leveling, film build, spatter
resistance, and sag resistance).



30 conmbi nation of paint properties (stability, flow and leveling, film

buil d, spatter resi stance, and sag reskstance).
PCFH-US96/ 04204 WD 96/ 31550 "Flow and | evel ing" as used in
this invention refers to the degree to which a coating flows out

after appli catig)’g goo as to obliterate any surface irregul ar PETESI6H4204
as, for exarﬂﬂ? Bsh mar ks, an "orange peel" appearance, peaks, or

ters, " whi d by the. i i
coating, 5 'l e e S SRe 6 it PR iBterfo 8 38 gRe 8 RlckiAP, @
to ;Jnijf ormy COV&,&tiﬁd’lﬂov!s out atﬂer applfc_att?m sd aﬁ tocobditeirateramy sutface irjegulasitiesgsuch
coat ed. el resista 0 i
coating formul at?sof?’teﬁa'?égfér s{| H@rfs, an g'%ﬁ?%gﬁét ?%é]‘p“g?'?ﬁ%r k/’llaén'égé ?llf tFlréggsropl ets
dg_r: _ntg altOpI i cat itmcrpfrﬁtdieqmatdytrtge mechanical process of diijtlyibg aicogtingreans t he
abi | i o maintain the visgosi uppn_agi ng and.,. r e
separ a%/ i on5 “Film b“'?".?'%\% ﬁﬁgg’"gg&ﬁkécf %g?'éﬁ%u,]s%@ft% P‘E 'f%%{]#é'g P
o o appl | Bl e o o At neven oo o et o
having a tni k- bot t oreaNge resistarces sxnane Hip ey BOH EKfth formupion B34
| ocal arfeaAndtionf AgihY ting drapleté darngrasblicationhuf e tdatinghar act eri stic
appearance of a draped 1

5 curtain. Sagging Ls aestheticall.
undesirabl e. In addi t'$fah'?‘%&ﬁﬂr‘ﬁ&§'?‘ﬂ%'l/§? 8@"‘&(}" Viscost um‘l%%'é%ﬁ%‘f/m[o sag
will not @asily gleiént phésePsdpairationbr ush or a paint roller and will not
easily drip off a horizontal surface,. such as for exanple, a ceiling.
According to the i nvePRIINg . aus ’é?'—“s(ﬂ?ﬂﬁl?%mﬁd"m@@f?m °55r‘f°%l@"9a°n
EJrlef or rzrgd hi g{: r@b@ﬁeasaurlfa&f ﬂétwek | mtneetiriévd)af,a;we#ﬁoasnd *ninnfidssgjn@mgimHn ]
al so nown as pal ya ne oxi.de)_beari ternnal - oups., Hi
nol ecul ar wei ghtcoating hgv'ﬂgpé'r"é'égﬂ&%ﬁe% VH}T@”@&%P@H‘ffr“a%ﬁeaf#{ef;,gddﬁgd
ﬁg, 030) karil aVaiérﬁQbﬁ? {/eticaiSuriade and may havéthendhardctéristip appédrarnce dRandrapédona,
w York. ternative

\ , a desired, high . Lecul ar,.weigh 0] vet her
precur sor 1®an befUtiaie élqggg]q | ‘G?'?'Sg‘?ﬂ*gr‘l'gf’ﬁﬂ"mﬂ?v In addition, mﬁﬁ?@cﬂ?é’?%@‘ﬁht
pol yethers wi th @ngéHephs S8 WLt easilycdripooff &p@intbrdsinat @ painbrolier and willewyent
or a mxture of gemdi halogeno reagepts as, shown bel ow,_ Various grades
of | ow nol ecul araaly gHR $GM?HWE%MF§S?WE?% ai?@'ﬂe- 8000) are
avai l able from Accordifij @th&aiventisn, W watessolubsid polynries backbdaerah be a
Car bowax.

HO PE-OH + y X- Aprgfomeﬁ@gpw?qlﬂ_@ig@_ﬁofy@mﬁn}aqh ggséepolyalkylene gl%f&lso

Herr]O 20 known as polyalkylene oxide) bearing terminal -OH groups. High molecular weight
polyethylene glycols (molecular weight 17,000 and 35,000) are available from Fluka
Chemical Corporation, Ronkonkoma, New York. Alternatively, a desired high
molecular weight polyether precursof can be made jn situ by condensing low
molecular weight polyethers with a coupling agent, such as a gem-dihalogeno

25 reagent or a mixture of gem-dihalogeno reagents as shown below. Various grades

of low molecular weight polyethylene glycols (MW ~ 4,000-8000) are available from
Union Carbide marketed under the trademark Carbowax.

Base
(y+1) HO-PE-OH +y X-A-X ———> HO-PE-O-[-A-O-PE-},-OH
30 H,0
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PCT/US96/ 04204 wher e PE lSeg=—pol-yethei—~A—iS a noiety separating

t he hal ogen atons (X). The term nal groups of the PE can al so be
-SH and -NH err] groups. Note that if X-A-X is a gem nal

di hal ogeno- r aggegsiss¢ hen the pol yet her bl ocks are coparasesbabda ough
acetal or ketal |inkages which are stable in al kaline envi ronnents.

So far as the type of term nal ophobe, R is co ed he et her
coul d bear eitheMhereP §dﬁép8ﬁyem%féfseﬁlm°fﬁ%ﬁ?ﬂﬂ'iﬁ'ﬂ'@s ﬁsa%gﬁ?é’?ﬁ &6 ’The
The hydrophob| caltém,m%mﬁcbfm ygu;aﬁrmme bsnr@ﬁe.mg g.-e@‘;yil ng t he term nal

-OH, -SH, or -NHerr roups of the er with a

- hydr-ophobi ¢ reagent ky?e ﬂ? i X 'ﬁ ‘Q‘Fa'ag?%’s’@a??f‘t B{ﬁ\?ﬁ'&“ﬁ‘%‘l@@?ﬁs.

Base Y-- \éréL c%d&edthrohgh'%c&al or ﬁtﬁi link¥ges which are stable in alkaline

Sol vent 15 where, --- is the water-sol uble polyether backbone, Zis a
functional §roup e"“""""'f"‘e"‘tﬁapabl e of reacting with the ternminal Y (Y = -OH,

- SH and -NHerr]) grsawaﬁaé){netmmermmm HyarophoBe! R, i8Behdamen, Mwl &h&oDI ¢
group. To carry out the process, any solvent or solvent m xtures

devoi d of acti ve could bear °Mr‘b§;é?@°&h8'"§f%h¥d@8h@?ﬁé§ it dIminihe used.
However, tetrahydrof uggg h Fuélblgﬂly-modlﬁé(hﬁﬁl?etﬂér Ginkbe made BY b@\a@hﬁ%% termlﬂal

hydrocar bon solvents are erred. Notw t andi ng ove
process can al so-9H. c%hl.roreul-barwns ofiae pplyetheewith aﬂ appyopeiate hydrophobic reagent

The pol y”eﬁoconp%{ﬂe'ﬂ}gséﬁcetd?‘iWs@%’?ﬂﬁui‘d’h\‘rﬁﬁdl@?\thas the followng fornula

[err] 25 wher e: Rlerr] and R err] are
i ndependently sel ected fromthe &888p consisting of a
Yeororr¥ 4+ 2Z-R o> R-O0———0D-R+Y-Z
Solvent
15 where, is the water-soluble polyether backbone, 2 is a functional group

capable of reacting with the terminal Y (Y = -OH, - SH and -NH.) groups of the
polyether, and R is a hydrophobic group.
To carry out the process, any solvent or soivent mixtures devoid of active
hydrogens and stable to bases could be used. However, tetrahydrofuran, alkyl
20 ethers of alkylene glycols or hydrocarbon solvents are preferred. Notvvithstanding
the above, the process can also be carried out in the absence of a soivent.
The polymer composition of the present invention has the following formula

R, R, R,

| | I
25 . R, —}(OCH,CH), ~—-0--C~0-{CH,-CH-0), -~ R;
|
x
where:
R, and R; are independently selected from the group consistin§ of a
30 hydrophobic group or H. The hydrophobic groups can be either the same or

different in the same molecule and are selected from hydrocarbyl, alkyl, aryl,
arylalkyl, cycloaliphatic, perfiuoroalkyl, carbosilyl, polycyclic groups, and complex
dendritic hydrophobes. The preferred hydrophobic group is alkyl with a carbon
range of 8-22 carbons, most preferred being 12-18 carbons. These hydrophobic



30 ; hydr ophobi ¢ group or H The hydrophobic groups can be either the
same or different_in the sane—nol ecul e—and-are sel ected from
hydrocar byl , al kyl, aryl, aryl al kyl, cycl oaliphatic,
per’f | uoroal kyl, carbosilyl, polycyclic groups, and conpl ex

dendritic hydywadaies. The preferred hydrophobic group is al kedruspébuzes
car bon range of 8-22 carbons, nost preferred being 12-18 carbons.

These hydr ophobi c . A .
WO 96/ 31550 groups can be either saturated or unsaturated. branched or linear; the upper limit

PCT/ US96/ 04204 of the numaémrb%rm:bﬂs i mwdmhumatg%hms 40 savobns!t srdferably
branched or linear; the upper umber of carbon atons

in the hydrophobi4 earbaps ar'emmeeﬁfs@ny%kmﬂhwmr"mwwmﬁ& and

more preferably 2ZarbaH ROR® in ihiEhydP¥tiobld grblipis 1té§i‘b6HJPméraﬁfy4carbons nfoRé bon
atons in the hydrophobic groups 1s 1 carbon preferab 4 carbons, nore 5

preferably & car bﬂﬁ?’“'ﬁﬁé‘éﬂﬂ’\? eSperficaxamples pf the bidsophabicoreurs are oshvd
octyl, I, hERIGRER Caﬁaoaaahcgpgred gey! groups.

When the hydropho I c groups are independently selected from al kyl
per f | uor oal kyl and ca they th[‘PRSmEErSﬁQHPeriﬁg&’epgnﬁfﬁ'ms!'%divﬂtﬂkﬂons

When the abrﬁh' ety 8 caFddn rafge lsatdar h 1o %E&&Bﬁ%%h%a

and pol ycyclic groups carbon range Ts 3 to
preferred range b WM'G%Q)"‘E@%‘&F‘M!\“&Y' q#aal-phattc a"dmﬁﬁeﬂf@mseﬂ‘e

range being,gl4 t O:aﬁé?f?inpaﬁés to 40 with the preferred'?[aﬁgé beihg frof %tﬂjcafrw{? LR

group consisting o roups havin carbons, or a
conbi nati on t her ¢opst preferred range berng R}B"rzqqcﬁih@ﬁ?[ err] are independently

sel ected from the groyp j¢Qaakmeh it ﬂ& groupiddhlistidgof H, arﬂhglr&-%s%wﬁgﬁ-s

carbons, and phenyl; I's an I nteger having val ues from
about 1 to about @gansaﬁﬂacombmatlonthereof. X is an integer having values from

bout 1 t bout 50. f
abou o abou and R, are “r(detpef{&%ﬂ?%iéeﬁhtﬁdﬁpmﬁ &%’k@ Egﬁ#:e H, alkyl.

i nvention has a pol y(aé’eta h ol yet he
either |inetr or WPHPEAHS carhons:and phemxkir one ber ng 20 preferred. The

pol yethers that can b%r&éﬁ%fb&eﬁﬂﬁv@yh@}iﬂ}%ﬂoﬁﬂa?&ﬁh‘w bEU5002 R4 -

sol ubl e pol yal kyl ene 6xI de or~ copo yal Kyl ene oxi des; the
pref erred pol yd$ pe integenhaving values froptabaut & Yo aboytdd. or wat er - sol ubl e

copol ymers of ethyl engpe composmeﬁ bﬂ&eWréan@ﬁﬁERﬁn %Wﬂ%&eﬁ” oF ketal-

pr opyl ene oxi de and but¥ ene oxid he wei ght average

‘ol ecul ar wei ght Relyather éémﬁﬂﬂtr'ﬁa@mﬁ liggas oF bfﬂ'\ﬁ'ﬂhﬁd griththe ""93@“9@9"\900
preferably P00, 005 eteifald Gfsﬁh&t)&aﬁ% Jdef in ﬂ:ﬂelnb%h nlldltmeta fwater-

t he nol ecul ar wei ght of the I's 500, preferably 0, and nost
pref erabl y soluble polyalkylene oxrde or copolymers of polyalkylene oxrdes the preferred

polyether backbone is polyethylene oxide or water-soluble copolymers of ethylene
oxide with another comonomer such as propylene oxide and butylene oxide.
The weight average molecular weight of the copolymer has an upper limit of
25 2,000,000, preferably 500,000, and most preferably 100,000. The lower limit of
the molecular weight of the polymer is 500, preferably 15,000, and most preferably
20,000.
According to the present invention, a wide variety of hydrophobically
end-capped poly(acetal- or ketal- polyethers) could be made by appropriately
30 selecting various reaction conditions and manipulating the stoichiometry and
molecuiar weight of the reactants.



20,.000. According to the present invention, a wde variety of

hydeophaobically end- capped—potytacetal—eor—ketal - pol yethers) ceuled——

be nmade by appropriately 30 sel ecting various reaction conditions and
mani pul ating the stoichionetry and nmol ecul ar wei ght of the

reactants. wo 96/31550 WO 96/ 31550 PCT/US96/04204
PCT/ US96/ 04204 Cenerally, any gemdi halide can be used in

the process for preparing the pol y(acetal - or ketal -polyether) of
t he instant inventi oGenemlig\vany, gem-dihalide cinlhel usgd irotihetrnocess forspreparing the

ot ner ai hal | das HOPeal: 85 RANGingS Br el Bherton, Howped (0, 77) 7' 5

1, 1-di chl or oet hatirai¢gaidometiabes] $umhrds)dibnocthoinethamelandrdichidramethane are preferred.
CH CHB . S t devoi d of
Gott ve hydr ogendXBmplescet sihes dinpien s 31 biniiblue BPHCAEHERY oot on it n

oxygenat edshydr of; &divhivreetharen{CH CHOI) rand A, 1-dnbminmmmmcmcaarz) When a

ot erted EXaITl el ) oo b it S B m e
al kyl ene gl ycol Sofmisl mlfentlon with exmnawﬁtﬂydmarbén)solwbmsmpahage tcapabhﬁneﬁre

reacting vmththe rogen acetal - or
ket al - pol yet her)p rﬁfﬂﬂ%f&gg?"oﬁms fatgag é? uSetf i the '“s‘ﬁfgl"ﬁ' ﬁ‘éﬂ‘ gre:

di agl on, ﬁ ould heluuﬁad(ylehelﬁl:phatlﬂhmcal rﬁamgﬂiageﬂ eﬁeﬁiamyudmtglm?mdm |

use |nt|5|nv ion are a net a ri a ta r oxi des,
kel ey diethogeiane Arhstrol hase fpHIS frea@ing uin e timind) geive

pr Ief er [1 ed ;)r ocedfydrdgens isf the M?mﬂobi mhll-%ol)@lﬁbf_ Loform pmtapém-&ilr&btal- 4

pol yet hers corrprlss xing nmolten pol) er wt cautcateevate .
Perer at ur bs. 1 BaIins 5E0,Euh BF 156 1 0e Brasshs, JEXaliPies Gt ases ial Gomae i de.
and suhsed irethis ijvertidncae pikal nidtdl hHydligesaakakimenn hyédrolides. akdlimetal
hydr ophobi ¢ reagent. . In accordance with this invention, the
hydr ophobi cal | y%ﬂlﬂ“@?ﬁp@'&d 9tganic basgs- (acetal - or ketal - pol yet her)

corr}aosi tiaps can bﬁ The Preférréd bm&aaﬁmm@m}dmobucauy end-csmaqﬁmhmsa-such
as | atex paints, i.gnent. vol une co centr

| atex paint can W&?&%ﬂq@mﬂsf? M"f'"%?m en B?'E%?%W% 'ﬁﬁ{j"ﬁYﬁtﬁ‘bper i mit

of 85, tampéﬁnm onMedMy@ppmﬁhbmd polyathérwith'# gemtdibalide] ad i S a

hi gh ql t bo t 15 t 0:. wh th
et 91 9%5 Ba M sypestiuently nc-cappingsite RV BRRHEAYetion Wil & Ay Skgphobis FeARR 2.

Zlnd vvhfen | It is a flain mgﬂ:tancé themwnﬁmﬁmmpwgmw aigmuﬁpped 80.
25[sgr ] g atex p%?l ) ggieéélqo&%coil ttXpoSslt%rJ\s can ge%sgg % fﬁm%llrmi%g goall:t)%gs at

compositions such as latex paints, the pigment volume concentration (PVC) of the

latex paint can have a lower limit of 5, preferably 10 and an upper limit of 85,
preferably 80. More particularly, when the latex paint is a high gloss paint, the PVC
is from about 15 to about 30; when the paint is a semi-gloss paint, the PVC is from
25 about 20 to about 35; and when it is a flat paint, the PVC is from about 40 to about
80. Also, for latex paints the ICI viscosity should be above about 1.5 Pa.s at 25°C
for good performance.
The following examples illustrate the preparation of hydrophobe end-capped
poly(acetal-polyethers) of the present invention. However, they should not be
30 construed as the only ones limiting the invention, as other process variations are
possibie.



The follow ng exanples illustrate the preparation of hydrophobe end-capped
pol y(acetal - pol yethers) of_the present_inventi on_However, they should not

be 30 construed as the only ones limting the invention, as other
process variations are possi bl e.

9 wi'63/3184031550 PCT/US96/04204

PCT/ US96/ 04204 _ EXAMPLE 1
Preparati on of PEG 8000/ Met hyl ene Copol yner To a three-necked
round- bottoned flask (1000 m) equi pped WekanPLBRefN- St ark

separator (at the top of which was attached a condenser whose top was 5
connected to a nitrogen sour FEeParatiom el REGS00pMathylang CopRlymefet er wer e

added pol yet 1y ladffeetocked r&.{ﬂWﬂoﬁg@gg%gghdoB% &QUfisPed(with § beand

tol uene (100 m ). Moisture rom was azeotropically renoved
by distilling ouBtarperafator {atdhe top; of which was attached a copdensgpwbeseiopiwisnot be

‘distilled oyt of chdifactedftold Miftodérrsdurdd), MhghetiR ik and thermorrBlef 9é Sgaelfls

renoved by passing a stream of nltrogen over the viscous solution o

PEG 8000 and keepelyethyleae glycoh@iWecRa00)(PEGB008LAS5 o) and teluenen(I0A mirMaistutec
fl ask co | g Wc Qeitls uﬁg I Eai

t he Dean- St ark ﬁﬁﬁ'ﬁ@?gdg)rhgs??b rermvégg.?e'ﬁmm &'gmﬁﬁﬁ)s%&t e 3&5 'ﬁ’é@%ooo
at room t enper at tpluengewhichtuld nnt pe distilies gutof dye reaction flaskat atmpsphericir an

(THF) (650 M) a i ' i ' ﬁ{ﬁ&o i ' :
(0.85 g). The re ﬁ’?%@%gﬁiﬁ%n 1 Xt Si'rﬁ g\/\ﬁ*séa eat@ﬁc’i&t_ﬁfgﬁ{?‘gf‘fygk% %‘?“%‘?’k“
hour . 10 PEG-8Q00 and kreping one of ﬂ_@ﬁ)h@ﬁ'@@ﬁ therregetinndlaskopen ﬂé\e(lw_mﬁasj)
'n THE (50 M) Weshtaining dry PEASIB60CHAPLSCTEd IoyobhReperaii0 Inditld boatbipl
m xture over a peri 03 gf r§ hour s under nitrogen atnosphere rough
an addi tion funnéepargtgereneaved: i ng reacti on m xture was heat ed under

flux for 24 hours. b0 |
reflux for our S. TéHeliry PERB0OS h1Bof tefpeiifilith wefe biddd dry fipLc oe) ©.

solid was isol ated. e welg average no wei g

“the PEG 8000/ et Wlﬂbmfoﬁ-tﬁ%f?ﬁ_ﬁr(sm mi) and spdiunshydsige dispersion (60t 'uapeine(raﬂ 9it)
:5?(2\ (I\a/)F() LEf , 1§£4. | {0.8%2). %ﬂkq@lﬁtiﬁd}e‘g?li&g; rpgc&r% g&gﬁ&g?@fe r é}?ﬁ‘."&fg{) ng-{d&_l on.
PEG 8000/ Met hyl ene Following this, a solution of dibromomethane (0.98 g) in THF (50 ml) was
added dropwise to the PEG-8000/NaH reaction mixture over a period of 2 hours
under nitrogen atmosphere through an addition funnel. The resuiting reaction
mixture was heated under reflux for 24 hours. After evaporation of solvent, a fluffy
20 white solid was isolated.

The weight average molecular weight of the PEG-8000/methylene copolymer
was 53.000 with polydispersity index of 1.84. it was soluble in water to form a clear
solution.

EXAMPLE 2
25 Preparation of C,, End-Capped PEG-8000/Methylene
Copolymer in Tetrahydrofuran (THF)

The PEG-8000/methylene copolymer (described in Exampte 1) (13 g) was
dried by dissolving it in boiling toluene (60 mi) and azeotropically distilling out _
toluene from the poiymer solution. This "dry” PEG-8000/methyiene copolymer was

30 heated under refiux with sodium hydride dispersion (60% in mineral oil) (0.25 g) and
1-bromooctadecane (0.5 g) in THF (150 mi) for 22 hours under nitrogen

10



Copol yner in Tetrahydrofuran (THF) The PEG 8000/ net hyl ene

copol yner (described in Examle 1)}l l3—-g)tase———m— dri ed by di ssol virg———-—-
it in boiling toluene (60 nm) and azeotropically distilling out

totuene fromthe polynmer solution. This "dry" PEG 8000/ net hyl ene copol yner

was 30 hegt@os3igsber refl ux with sodi um hydri de di spersi onPEHRSH6/0a204

mneral oil) (0.25 g) and 1- bronooct adecane (0.5 g) in THF (150 m)

for 22 hours under nitrogen

10 . VOatiidsphéreDAfter evaporation of solvent from the reaction mixture, a tan solid was

PCT/ US96/ 04204 . at nosphere. After evaporation of solvent fromthe
reaction m xt ure solateds, solid was I sol at ed. The

C[err] end-capped PE&BOQCHWEG REG:-8000/methylenis topoipiner thixd obtsined was

sol uble in wat era$2% sol uti It t 3:9%@ é&BO cp_sg The
lytion 1 Ps) c
Cerr] 5 B‘ﬁd’b@’ateéz&é %‘P ﬁge #&ﬁﬁe& & 9845 1
EXAVPLE 3 g hydrophobe content of the/peduct was 1 .42%.C err] End- Capped
PEG 8000/ Met hyl ene Copol yrmer Usi ng

Di chl or omet hane To a three-F4MBHE Pound- bot t oned fl ask (500
m) equipped with a Dean- Stmé#araﬁonofe,gmuaca:vpeames—baomtmfenwhl ch was
attached a condenser whose top vvaé connec to a nitrogen
source). magnetic stirrer, and t h&PREIMEEE s\ﬂ@r"é"%ﬁ@&“\’ﬂ@ 8000 (18

) and toluene (70 nfga tlﬁ-ﬁb-ﬁé&l{eﬂ rsnmmmkm D RYuipPRY With 3/ De &R IAd

distilling out toluene, The residuyal toluene, which could not

by
be distill® out sﬁﬂa"?ﬁé(at the top of which Was Attached g cqndensspwhess top wasseaneced

was removed by pgs$hirdgeén Sdurééhidignétic snrrerruﬁdtﬁmn%t&rwér%ddbaw@aooo (18
sol uti on of PEG 8000 and kee |ng one of the_necks of th reaction

fl ask open. Then9}and ojuesr (£Q,maMeistirefrom BE@%W‘EBBP'E@]M’B"\"UWV

tenperature and {idgihk st tShuehs. TrRORERLANtolRABMAch could not be distilled ol of#he dry
PEG 8000 at roomtenperature wer e added dry HPLC gr.ade)

t et r ahydr of ur an (emeHgn flasks *r?F’)“’%"SBEﬁsaH’iqq PF‘H@‘GFQXEH@F'GE asieeamof
m neral oi Lw) 20 nitroféh Gvébthe ieeouseﬁdmttohrw PESB8H00°ahd Reepitigonttst tﬁ@ﬁ&&é of fHeéer

reflux for 1.5 hour. ow ng this, dichloronethane (0.15 Q)
was added to t hersactiomtiankarep Then theflaskeaateim dey REG-8000-was sroledto fopmn g
reaction mxture Wtufﬁd%emanlﬁam%ardt& reMblad. the

PEG 8000/ net hyt | ene copo yme
To the dry PEG-BOOO at room temperature were added dry (HPLC grade)

tetrahydrofuran (THF) (170 mi) and sodium hydride dispersion (60% in mineral onl)
20 (0.4 g). The resulting reaction mixture was heated under refiux for 1.5 hour.
Following this, dichloromethane (0.15 g) was added to the PEG-8000/NaH
reaction mixture and the resuiting reaction mixture under reflux for 18 hours to form
the PEG-8000/methylene copoilymer.

25 Then sodium hydride (60% dispersion in mineral oit) (0.3 g) and 1-
bromooctadecane were added to the reaction mixture containing the PEG-
8000/methylene copolymer. After heating the resulting mixture under reflux for 8
hours, it was cooled to room temperature and transferred into a plastic tray. After
evaporation of solvent inside the hood, a slightly brown solid was isolated.

30 The weight average molecular weight of the C,, end-capped PEG-
8000/methylene copolymer was 31,947 with polydispersity index of 1.91. It was

11



25 Then sodi um hydri de (60% di spersion in mneral oil) (0.3 g)
and 1- br onpoctadecane were .added to the reactionmxture

cont ai ni ng the PEG 8000/ net hyl ene copol yner. After heating the
resulting m xture under reflux for 8 hours, it was cooled to room
tenperature agbdesagapferred into a plastic tray. After PCTUSYEIN4AL | ON
of solvent inside the hood, a slightly brown solid was isolated. 30

The wei ght average nol ecul ar weight of the Cerr] end-capped PEG

8000/ net hyl ene cogpajuljleniy wates tsformp Arciedrtsiolution (2% splution BF viscdsity atf30Irpfi~ 1780
was V\Dcpgs§/ ‘l?h]e5§:Qad C.sHs,) content of the polymer was 2.02 wi?

PCT/ US96/ 04204 : adacy]{Castlsn) S00tent of the polymer was 2.02 W% Lt i on (2%
solution BF viscosity at 30 rpmJ[err] 178(EXAMPLE4 cps). The octadecyl

H f th . A2 ot O
(Eg[Aﬁ/gL]E ge”]) content of the pgrgﬁgt'mr%ﬁgﬁm%ﬂ"c&’@??]/C[err] M xed

End- CappedI 6 I PEG—SOOOMeﬁE@nGWthyljgne Copol yner
T [ P

(750 g) - THE (750" mi oA Dke ST sl RS, (hBen Wil wBfF fftedni 00

(22 g). @50q), THR(7S00mI) aad sediamhydridé (60%e dispérsion inmineraioil g).

heated at 80[err] (. for hour and . then cool.ed t becrr].C.

Fol l owing this, df ?’osﬁﬁﬁﬂﬂ ﬁgﬁg&%&&%r%@n% t“@stn?@t%t gﬁgﬂéﬁf%“"

m xture at 40[ errinénzooled ke40%Ss Foliowing this,diiromomietitane €131 gvasiadded0fitse r | C

for 4 hour s . t his reaction mxture at err]C

was added a'%m xt ut®2eHgn TWB%&%"&%%Q(?“M"Q r“&"’"dﬁ"’“éﬂ:ﬁj't’?itﬁq Bﬁﬁﬂﬁg&%(décane

(15 g). The resulbhourg reaction m xture was heated at 120[err] C for

2 hours, cooled to ro e rature an reactor charge nsferred 15

into a plastic tray. Pt‘éﬁs' 5%198?3'&"5?12%%3@%&#?“5@%‘% %fg{‘s@"!ﬁggd"ca"e (8

i sol at ed. g) and THenidhexadéca@he (13 giThe resaltitig cegmion ntidlreS0a Nedtédat ene
: 0 :

e L3S0 IR ¥ nouys, coojed 13 FooHR tmpeallRs Sha fhé 7eadior Shange transfemed

EXAMPLE 5 15 into a plastic tray”Aften evdporationfof Gbivent] a buff sGlithwaslisolated.

PEG- 8000/ Met hyl ene I r .20 cedure descri bed irp Exanpl e
4 was repeated usi ngﬁé)ﬁt?}a‘g MPRH sng-capped PEE‘?‘Z@?{E#‘!(’“ copoiymer thus H’""T‘? Was
PEG 8000 - 750 g, soluble in water (2% soliition BF aiscesitycht 30 upra- 60 opis). Nl ,
3. Sodi um hydri de (60% di spersion in m Ql) - 22 g and 25
4, Di br ononet hane -11 g, and mp"%é

Preparation of C,; End-Capped PEG-8000/Methylene Copolymer

20 The procedure described in Example 4 was repeated using the following
reagents.
1. PEG-8000-750 g,
2. Tetrahydrofuran - 750 ml,
3. Sodium hydride (60% dispersion in mineral oil) - 22 g and
25 4. Dibromomethane - 11 g, and
5. 1-Bromohexadecane (Fluka; 97% pure) -42 g
The C,; end-capped PEG-8000/methylene copolymer was soluble in water
(2% solution BF viscosity at 30 rpm ~ 580 cps). The cetyl (C,.H,,) content of the
copolymer was 1.52 wt%.
30

12



5.  1-Bronohexadecane (Fl uka; 97% pure) - 42 g The Cerr]

end- capped PEG 2000/ et hyl ene copolyner was—seluble in wat er (2%——
solution BF viscosity at 30 rpm- 590 cps). The cetyl (C[err]Herr])
content of the copolymer was 1.52 wt% 30
12 wo 981826/ 31550 - PCT/US96/04204
- PCT/ US96/ 04204 EXAMPLE 6

Preparation of CJerr] End-Capped PEG 8000/ Met hyl ene Copol yrmer in
Di pr opyl ene EXAMPLE8 d ycol Dinethyl Ether

5 P ther ( Dow EIRARAR o Se FAECARERF PGS0tk PURRY CaRBiy el ibipfopEne’
Clerr] end-capped PEG 8000/ net hyl ene Glysol Dimethyh&thesol ubl e in water

Eanpie 7 S Bt ylg kel @8dEROIONM digeyene oiveoldimetny
PEG 8000/ Mat hy| egtherqDp®! Givemical ad the reaction solvent.

Di et hoxymet hane Ex s Jepeat ed. usi ng di X t hane
(East man Cheni cal) adMffue e""'“"”%@@ﬁ"?&ﬁ%ﬁ copolymer Was Sofible ijier

Cl err] end- cappe@uSdiutin(BF vistdyityan30cmmel 420ps)yyas sol ubl e in water

(2% sol ution BF viscosity at 30 rpm [err%;). 15

EXAMPLE 8 Preparation of = Capped

PEG- 8000/ Jef f am ne[ er Arepdratiéld) 6y O/ EmdlCapped PEG-8000/Methylene Copolymer in

Terpol ynmer_in THF A PEG.8QQ0/ Jeffarnine[err] .
ED- 6000/ nehy| ene Ter pol yner was nade Rlpqg@(ymeflhqupol yneri zi ng PEG 8000

(600 g), Jeffam ne[ eExampie-5AA9 rdpeatud ysing/dibtpkynesthame (Bastman Chemigainias & €
from Hunt sman Oorg&ratiﬁln (150 g) and di brononethane (12 g) in the
presence of sodiBATIPFOMIEL (60% di spersion; 22 g) in tetrahydrofuran (750

m) The C,, end-capped PEG-8000/methylene copolymer was soluble in water
(2% solution BF viscosity at 30 rpm ~ 720 cps).
15
EXAMPLE 8
Preparation of C.; End-Capped PEG-8000/Jeffamine® ED-6000/Methylene
Terpolymer in THF
A PEG-8000/Jeffamine® ED-8000/methylene Terpolymer was made by
20 copolymerizing PEG-8000 (600 g), Jeffamine® ED-8000 (a polyoxyalkylene amine
available from Huntsman Corporation) (150 g) and dibromomethane (12 g) in the
presence of sodium hydride (60% dispersion; 22 g) in tetrahydrofuran (750 mi)
according to the procedure described in Exampie 4. This Terpolymer was then
reacted jn sity with 1-bromohexadecane (42 g) at 120°C for 2 hours. After
25 evaporation of solvent, a fluffy solid was isolated.
The C,s end-capped PEG-8000/Jeffamine® ED-6000/methylene copolymer
was soluble in water (2% solution BF viscosity at 30 rom ~ 300 cps). The cetyl
(C,sH5,) content of the copolymer was 0.95 wt%.

13



according to the procedure described in Exanple 4. This Terpolymer was then
reacted in situ with 1-bronohexadecane (42 g) at—120[ er r}-c—+er 2 hours.
After 25 evaporation of solvent, a fluffy solid was isol ated.

The ([ err] end-capped PEG 8000/Jeffarri ne[err] ED 6000/ net hyl ene copol yner

was sol ubl e Ry sah (2% sol ution BF viscosity at 30 rpm [ ergdrreiséons) -
The cetyl %E[err] H err]) content of the copol yner was 0.95 wt %

13 WO 96/ 31550
PCT/ US96/ 04204 EXAMPLE 9 EXAMPLE 9

" Preparation of (ferr] End- ed E HV Po ene
d ycol / Met hyl ene Copol W mara nof C,q Enmppeﬁk&ﬁﬁﬁ's&%%zoﬁ%ﬂﬁkﬂwma ng the

fol lowi ng reagents. 5 GlycolMetEWKﬁB@Xpdi%érg Pol yal kyl ene gl ycol
(nom nal nol ecul ar wei ght - 0, 000; available from

| Cl Anericas) - 18 g Example 2 was repeated uging *Slfﬂmﬁfefeﬁ“ﬁl

. THF -17¢ ™ 0.5
S " @ . 3,EMKAROX v 15@@9&!&?&%&&@ (neRiifal hﬁl&bﬁr@@gm

1- Br onooct adecane - 1.0 g.20.000; available from 'Wi’%’%‘llﬁgon BF vi sc03| ty of

~the C[err] end-capped ENKARSRiehd- 166 mI pol yal kyl ene gl ycol / net hyl ene
"~ copol yner was 140 cps. Pai nt Properties of Hydrophobe

End- Capped Pol yethers 1% THF-170Me ol | owing Exanples illustrate the

t hi ckeners of the preseny, samgﬁ,twaﬁde 60%d| BRioMY - DIBr porated into a
vinyl -acrylic latex (UCAR 367 or f based- flat paint

(pi gnent Vi@ une concent réat Pmmomewnane% aI | -acrylic (Rhoplex AC 417
or 417M sem gl oss pai ntg ( PigFoMBocticaRB -aangentration = 24% to achieve an

The 2% solution BF viscosity of the C,, end-capped EMKAROX HV 105
polyaikylene glycoi/methyiene copolymer was 140 cps.
Paint Properties of Hydrophobe End-Capped Polyethers
15 The following Examples illustrate the thickeners of the present invention
being incorporated into a vinyl-acrylic latex (UCAR 367 or POLYCO 2161) based
flat paint (pigment volume concentration = 60%) and an all-acrylic (Rhoplex AC-417
or 417M) semigloss paint (pigment volume concentration = 24%) to achieve an
initial Stormer viscosity of 890-95 Kreb Units. The ingredients used in the vinyl-acrylic
20 flat and the all-acrylic semigloss paint are shown in Table 1 and 2 respectively.
The significance and scale of various paint properties are as follows:
a) Stormer viscosity (initial and after overnight storage) is measured by a
Stormer viscometer at 200 sec™ shear rate and expressed in Kreb Units
(KU).
25 b} IC1viscosity is measured by an |Cl plate and cone viscometer at 12,000
sec™ and expressed in poise.
c) - Thickening efficiency (TE) measured as dry wt % thickener needed in the
paint to achieve the initial Stormer viscosity.
d) Leveling by Leneta method (measured on a scaie of 0-10; 0 = worst and
30 10 = best).
e) Sag resistance by Leneta method, mid-range bar, wet film thickness
(WFT) (in mils) above which sag occurs.
f) Spatter resistance by roll-out over a black panel (compared on a scale of
0-10; 0 = worst and 10 = best).
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initial Stormer viscosity of 90-95 Kreb Units. The ingredients used in the
vinyl-acryvlic 20 flat and the aldl—aeiyte—seni-gloss pai nt—are shown +a———
Table 1 and 2 respectively. The significance and scal e of various
patnt properties are as foll ows: a) Stormer viscosity
(initial andwifdemassaver ni ght storage) is neasured by a PCT/US96/04204
Stornmer visconeter at 200 sec[err] shear rate and expressed in Kreb Units
(KU . 25 b) ICl viscosity is neasured by an I Cl plate and cone

vi sconeter at 12,000g) 60° Gloss is specular glossofiewed at®08 expressed in poi se.
c) Thickening efficiency (TE) neasured as g.r# V\4 % t hi ckener needed in the
paint to achieve the initial Stornmer visco !F d) Leveling
by Leneta nmet hod (nmeasured on aiér

10 = best). ‘ 2)
bar, wet film thickngss
occurs. r— T
(conpared &nh a scal ef :
14 WO 96/ Bispérdant (Potassium tripolyphosphate) 20 0.10
ggT/ US96/ 04204 Ross & Rowe 581 ooLerT] d DSSTTajSJIJSa ; 'y grgss (\,/IZSEWBQ at
Interior Flat Wite amiphgeht('ra'ﬁndnn@ase 5.0 0.56
Materi al s Gt ons—5 VATET
£200.0 24.00 [Defoamer (Hercuies BEL gafeamay (pot assilum 139 pol ypho%Ahat )
2.0 10 0. 10 Ethylene glycol R0SS & Rowe 551 20.0 2.18
2.0 0. 23 Drspersant—( ranot—731)
5.0 0.56 Carbitol acetate ¢ (o p (Hercules S _ddP8aned) 119
2.0 0.27 10 | Titanium dioxide (Er.wwnegog) ycol 175.0 5.12
20.0 2.18 ) pITOr—_gcetratre
10.0 1.19 Caicium “m“agﬁﬁﬂﬂigﬁﬁg'ﬁ oxide (Tii Pu?igf err R—Q.Jfﬁl
175.0 5.12 iceberg Clay Cal ci um car bonat e (Cams’lZS(MRB 5.74
150.0 15 6. 64 ||1160 silica 25.0 1.13
Grind to a Hegman of 4 and let-down at siower speed as follows:
Materials Pounds Gallons
Ephoxylated nonyiphenol (Makon 10) 3.0 D.34
20 I viny-acrylic atex (Polyco 2161) 200.0 22.00
H Biocide (Proxe! GXL) 1.0 0.11
mater and/or thickener solution 2505 30.07
Total 1170.5 99.68
25 Formula Constants
Weight/galion, 1bs. 11.74
Pigment Volume Concentrration, % 62.7
Nonvolatile Volume, % 313
Nonvolatile Weight, % 49.9
30 Stormer Viscosity, KU (initial) 95 +2

15



| ceberg C ay 125.0 5.74 15

1160 silica S 25.0. —1.13
Gind to a Hegnman of 4 and | et-down at sl ower speed as foll ows:
Mat'eri al s Pounds "Gl | ons Ephoxyl at ed
nonyl phenol (Wigernisso) 3.0 0.34 20 PCTNUS96/04204 '
Vinyl-acrylic | atex (Polyco 2161) 200.0 22.00
Bi-oci de (Proxel GXL) 1.0 0.11
Wat er and/ or thickener solution Tabihd. 5 30. 07
Tot al . 170. 5 99. 68 25
Formul a Constants ; :
11. 74 =TT ONENt . YOI UlE concer QLT[0 0 Gallooz
Nonvol ati |l e Vol une, % g Gty == - °"’_ ‘
Nonvol ati |l e Wei ght, %f Propylene giycol . . 9.8 or frer
Viscosity, KU (initialf [EeTr] 2
15 5" W0 96/ 2 {ispersant (Tamol® SG-1] 8.5 0.89
PCT/ US96/ 04204 Defoamer (Hercules SGL defoamer) @bl el2 0286
Interior Whiite Sem gl ) o i VELErrans
Pounds Gal | ong ﬁamum dioxide (Tu—Pﬁgﬂﬁ:ﬁog glycal V‘E{O 7.03
80.0 9.30 5 Silica (Imsil A per sant (Tanol [ err] $G 1p5.0 1.13
8.5 0. 89 oaner rcul es et oaner)
2.0 0. 26 .
10 Grind to a Hegman of 7+ and let-down at siower speed as follows:
Materials L_Pounds Gallons
T
Acrylic latex emulsion (Rhoplex AC-417M) 500.0 56.00
(48% solids)
Antifoaming agent (Hercules SGL defoamaer} 2.7 0.37
15 Propylene glycol 10.0 1.16
Biocide (Proxel GXL) 1.0 0.11
Coalescent (Texanoi®) 216 273
Anionic surfactant (Triton GR-7M Premix) 0s 0.06
Water 20.8 250 h
20 Water and/or thickener solution 153.7 18.46
Total 1065.8 100.00
Formula Constants
Weight/galion, Ibs. 10.66
25 Pigment Volume Concentration, % 248
Nonvolatile Volume, % 329
Nonvolatile Weight, % 48.0
Stormer Viscosity, KU (Initial) 90 +2
- Gloss 60° 40+5

30

16



Titani um di oxide (Ti-Pure[ferr] R-900 240.0 7.03

Sillica (Insil A-15) . 25—6 1.13 10

Gind to a Hegman of 7+ and | et-down at slower speed as foll ows:

Material s Pounds Gal | ons Acrylic | atex
emul si on ( Re@pbéeséC 417M 500. 0 56. 00 PCT/USI6(042%,

sol i ds) Anti foam ng agent (Hercules SG. def oamner) 2.7
0.37 15 Propyl ene gl ycol 27 10.0

1.16 Bi ocide (Proxel GXL) PLES 10-2 1.0

0.11 Coal escerftreparatiomof Yaniqus)Hydrophobe End-Capped 21. 6

2.73 Ani oni ¢ surfagc t ' I X) 0.5

o e o O pEBLadodME e EToPOIhER! 0

2.50 20 \Followingithié procedirek described|in Examples 1 and 2, a seried 63. 7

18. 46 I - - . 8
100.00 5 hyarophdhd end:canped PEG-8000/Methylene copolymers %idg%r7ég%§%%{‘ar

| bs. weights (17,000-13Q087) ai bearing various amouritgyofalifferefat hydeophobes
Concentration. 9% . ' I "%
5 (8.s-Cd e, apse Sy Sorying e ampumt o approbféidfegérs End gl

St ormer Vi scosi topndikiohg.l niti al) 90 2 G oss

60[ err]

16 WO 9 él‘}'lgggﬁion viscosity of 348\[15{ ﬁJdrgph%%e end-capped polyether depended
PCT/ US96/ 08204 on its molecular weight, hydrophobe type, and the hydrophobie)tbhienES 10- 27
Preparation of Varl e pm%r%BQr%gg o@ﬁio%%ggeners with different compositions are given .
: in Tables 3 and 4. All of the molecular weights (indicated in Tables 3 and 4) refer to
the weight average molecular weight of the sampie.
Procedures for Determining the Weight Average
15 Molecular Weight of Poly(acetal-polyethers)

The weight average molecular weights of poly(acetal-poiyethers) were
measured by size exclusion chromatography (SEC). The SEC measurements were
performed in a 0.20M lithium acetate buffer (pH 4.8) plus 0.5% B-cyclodextrin plus
0.1% N-methyl pyrrolidone (NMP) mobile phase with both the columns and the

20 refractive index detector thermostated at 40°C. The polymers were
chromatographed through a set of four Shodex PROTEIN® columns (2 KW-802.5 +
1 KW-803 + 1 KW-804) in series at a flow rate of 1.0 m/min. A sample .
concentration of 0.20% was used with an injection volume of 200 liters. The .
molecular weight distribution data are based on polyethylene oxide/polyethyliene

25 glycol standards and are not absolute.

17



PEG 8000/ Met hyl ene Copol yners Fol | owi ng the procedures
described in Exanples 1 and 2, a series of 5_—_ hydrophabe end-capped
PEG 8000/ net hyl ene copol ynmers with di fferent nol ecul ar wei ght s
(17, 000- 150, 000) and bearing various anmounts of different hydrophobes

(derr]-d erwdderrse nade by varying the anount of appropriptBuswpsnss and
reaction condi tions. The solution viscosity of a

gi ven hydr ophobe end- poly Qe On i t | ecul ar
wei ght, hydrophobe type, and ghe :
- paint properties of virigug t i'\c bNt CJ i|tipns
gi ven in Tabj 83 |af -41."’- J%I’Q Sl iy
in Tables 3 and 4) refer9ta ° brag dt at? f
t he sanpl e. ~B+—bed At t
Aver age 15 N nt |of
Pol y(acetal -pol yetherfgg o aver age ol ecpl gr S
of poly(acetal -pol yet h&s) [we]é& by |sP 1 1Tus Pqr°
chr omat ogr aphy &SEC) . Poe geC] nplas, [ orbed if
0.20Mlithiuma%etate buffgr {pH r]{-cycllodextyin plus
0. 1% N-net hyl rrol j gone [(HIVR) ath|the ol unms_gnd t he
20 refractiae i ndp® detecM:))r 4p err]8 The p8ly°m3rs'°
wer e chifdBlat offTapnga—{hTH Jer oM Tgur T SHouEx PROTENreT
colums (2 KW 8QAU5 +f 1 80B 4 1 8Q4)}1in seriles]at] alfl pwirage
of 1.0 m/mn. Sanpl € | o| o CaMeEPbr|ad 8l Ht 9% Vg ater| witd| & o
i njection volu 3f 2P 1itler$T T T ecu| arf Wi ght | &1 sTriDpt [onj
data are based Zr&jpol pet-hyllens axide/bolvelhwl efe P5 Lygol! stlandarlds
and are not abs®Igte.
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As can be seen, the paint properties are controlled by the molecular weight,
hydrophobe type and solution viscosity. The paint data clearly show that by'
appropriately adjusting these molecular parameters, one can achieve a balance of
paint properties. ' '

EXAMPLE 28
Preparation of C,; End-Capped PEG-8000/Methylene Copolymer in a
Solvent-Free Process Using Sodium Hydroxide as the Base

To an Abbe ribbon blender were added PEG-8000 (1250 g) and sodium
hydroxide (37 g). After sealing the reactor, the mixture was heated at B0°C for
one hour. Then dibromomethane (18.5 g) was added to the PEG-8000/NaOH mixture
and the resulting reaction mixture heated at 80°C for 4 hours to form the PEG-
8000/methylene copolymer.

To the PEG-8000/methylene copolymer at 80°C was added
1-bromohexadecane (65 g) and the resulting reaction mixture was heated at 120°C
for 2 hours. Following this, the reactor was opened and the molten reaction mixture
poured into a plastic tray. Upon cooling to room temperature, the reaction mixture
solidified.

The crude reaction mixture was soluble in water (2% solution BF viscosity at 30
rpm ~ 410 cps).
EXAMPLE 29
Preparation of C,; End-Capped PEG-8000/Methylene Copolymer-
in a Solvent-Free Process Using Sodium Hydroxide
as the Base With Shorter Reaction Time

To an Abbe ribbon blender were added PEG-8000 (1250 g) and sodium
hydroxide (37 g). After sealing the reactor, the mixture was heated at 80°C for 1 hour.
Then dibromomethane (18.5 g) was added to the PEG-8000/NaOH mixture and the
resulting reaction mixture heated at 100°C for 2 hours to form the
PEG-8000/methylene copolymer.
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WO 96/ 31550

PCI/US96/ 04204 r=Ta BAT-W=Y=V=% e—pail Nt properties are- -
controlled by the nol ecul ar melght hydrophobe type and sol ution
vi scosity. The paint data clearly show that by appropriately

- adj usting t hwsoemspksacul ar paraneters, one can achi eve a bal arcrusysns204
pai nt properties. 5 EXAMPLE 28
Preparation of C[err] End-Capped PEG 8000/ Met hyl ene Copol yner in a
Sol vent - Free Pr ocegw® this PEB- mblmw;edampdymsatm°em added . To an

Abbe ribbon bl end dded

hydr oxi de (37 g)] gmvﬁpxg@%ﬁqnﬁéggi g&?'g’ﬁu '?qg]%?afa‘ﬁ '?}P‘g" ﬁg‘s‘a‘ﬁsﬂ 107Gy for 2

80[err] C for 10 hours. CFdHohmgrthlsTmrredtthrm)mﬁ_dldlmd(tﬂﬁnﬁltg) rmﬁoradldﬂdré o the

BB en o Nt S g s Yt e 4 At Rl T shn b

To the PEGg000/¢midimetene copol ynmer at 80[err] C was added

izg{om)]hgxigeca?e (65@3 d the res 't'magswﬁﬁ&t'p&%g?ﬁs ur utl?ﬁagﬁeate ?h
err or Lﬁ'%‘; ‘R/\%"i e

ol ten reacti on 30 »imi~210 cps). poured into a plastic tray. Upon cooling to

roomtenperature, the reaction mxture p)%sgél di fied. The
crude reaction mxture was soluble in vvam | ution BF viscosity at 30

rpm[err] 410 cps). 2Preparation of C,s End-Capped PEG—SOOOIMetherne CopolymgARL-E 29

- Sol Vel - Froe Py oces SOMERE 8 KIPRSE% JHinG Spyusm 1ydrotde 45 re Base

as the Base Wth Shogiafipidias Wasdepekitétusing less sodium hydrokited Thé\Rdugenisilsed
bl ender were added PEG 8000 (1250 g) and sodium 25 hydr oxi de (37 9).

After sealing th¥Peactor, the m xture was heated at 80[err]C for 1 hour.
Then di br ononet hane (3189£fgc;;sowsmstﬁged to the PEG 8000/ NaOH m xture and the
resulting reaction m xt heat 3\ %QO[err]Cfor 2 hours to formthe

PEG 8000/ et hyl ene c&b &? roxde -

- 20 15 WO 96/ 215Bibromomethane - 18.5 9
PCT/ US96/ 04204
d. 1-Bromohexadecane -65 g
The crude reaction mixture was soiuble in water (2% solution BF viscosity at
30 rpm ~ 60 cps).
EXAMPLE 31
20 Preparation of C,; End-Capped PEG-8000/Methylene Copolymer in a
Solvent-Free Process Using Sodium Hydride as the Base
Example 28 was repeated using the following reagents.
a. PEG-8000-1250g
b. Sodium hydride (60% dispersion in mineral oil) - 36.5 g
25 c. Dibromomethane-185g
d. 1-Bromohexadecane-70g
The crude reaction mixture was soluble in water (2% solution BF viscosity at 30

rpm ~ 620 cps).

21



To the PEG 8000/ et hyl ene copol yner at 100[err] C was added

1- br onohexadecane (65 @) _and the resulting reactian m xture_heated at
120[err]C for 2 hours. Following this, the reactor was opened and
the nmolten reaction m xture poured into a plastic tray. Upon
cooling to romyedsigeeer ature, the reaction mxture 5 sol pinidoazos

- The crude reaction mxture was soluble in water (2% solution BF viscosity
at - 30 rpm- 410 cps).

EXAMPLE 30 Pr epar ati on oEXBMPLE 3Znd- Capped

PEG- 8000/ Met hyl ene Copol ; in.a 10 ol vent - Free Process
Usi ng Sodi um Hydr oxi dé"ﬁépﬂﬁﬂg oggg,eénd-(:apped PEG’“%%"’Z@%@!’"?@ﬂ@at ed
usi ng | ess sodi um hydr oxiStivent-Free Progesy Usitg Sddium Hydroxid€asthe Base

a. PEG 8000 - 1250 g

b. Sodjum hydr.oxi de - 25 15 cC.
Di br ononet hane - 18.5 ¢ Example 28 was rep@?e{gﬁ%%ﬁﬁgm%gemg% g
The crude meaction m xtur e WAEGBD00L!1@501g wat er (2% sol uti on BF viscosity

at 30 rpmJ[err] 6Q c ‘SJA .
EXAMPLE 31 20 8 pdwatexge 379 1 End- capped
PEG- 8000/ Met hyl ene Copol yrér Dibforflomethane - 17 g Sol vent - Free Process

Usi ng Sodi um Hydri de as the Base Exanpl e 28 was repeated
“using the follow ng reagerﬂ's?'%mm"d"deca“e'ssg. PEG 8000 - 1250 g

b. Sodi um hydri de (f{¥ertité Peictib® MmbitirewassoNiblein water (20%5sdlutidn BF viscosity at 36 -
Di br ononet hane - 18.

5 .. 1-B h d - 70
The crude YPeact i B Trf‘g?QJF%’)V\H? dogegy) (gﬁ \ﬁég'gP’t?eé g&%ﬂq}?@?fﬁ”ﬁg% W%sity

at 30 rpm[err] 620 cps). EXAMPLE 33
21 WO 1
PCT/ US96/ 04204 96/ 3 rSe%aration of C,,/C,¢ Mixed End-Capped PEG-8000/Methylene

Copolymer in a Solvent-Free Process Using
Sodium Hydroxide as the Base
15 Example 28 was repeated using a mixture of 1-bromododecane and 1-
bromohexadecane as the end-capping agents. The reagents used were:
a. PEG-8000-1250¢
b. Sodium hydroxide - 37 g
¢. Dibromomethane - 18.5 g
20 d. 1-Bromododecane - 20 g
e. 1-Bromohexadecane -60g
The crude reaction mixture was soiuble in water (2% solution BF viscosity at
30 rpm ~ 165 cps).
EXAMPLE 34
25 Preparation of Nonylphenyl/C,; Mixed End-Capped
PEG/Methylene Capolymer in a Solvent-Free Process
Using Sodium Hydroxide as the Base
Example 28 was repeated using a mixture of PEG-8000 and ethoxylated
nonyiphenol, CgH,-C¢H,-0(CH,CH,0),,-H (IGEPAL CO-880; available from GAF

22



: Process

EXAMPLE 32 Preparation of (Jerr] End-Capped
PEG- 8000/ Met hyl ene_Copol ynmer in a_.. S Sol vent - Free Process—

Usi ng Sodi um Hydroxi de as the Base Exanpl e 28 was
rlgggat ed using the foll ow ng Lea%eg_ts. h5d - a7 pc?iusPEG;n%OOO -
g . Sodi um hydr oxi de - g 96/04
c. D brorrnrre“t'ﬂg?]"’éw?nﬂ g d. 1 -Bronododecane - 83 ¢
The crude reactign mxture was soluhble in ter. (20%solution BFE viscosity
230 100 <1 pm EBwBatathgs Hipoeideris oite RubtaFs The BtierySthartaiRetarS e
copol yner was 1. showd Bélow: . EXAMPLE
33 Pr epa i f err]/Clerr] M xed End-Capped
PEG- 8000/ Met hyl ene a 'ia%‘d-88000-1£§og Copol ynmer in a Sol vent-Free
Process Usi ng b. IGEPAL CO-890-25¢g Sodi um Hydr oxi de as the
Base -15 Exanpl e 2% \Fq/as ée‘Eeat ed 9si ng a m xture of 1-bronododecane
and 1I- 5 br onohex &de COAMMBYIRNYR 337 83 hpi ng agents. The reagents used
- wer e d. aDibtbfoRietfane 1285 § b. Sodi um

hydroxide - 37 ¢ 8 Di br%rmrret hane - 18.5 g 20
d. 1-Bronododecane - 209 1-Bromohexadecane-60g 1 _pg;onphexadecane - 60 g

The crude reaction mMHeldrede/\Fsaction mbiufe was\Wluble inWate029 sdhRioRBR/ Lissdday t Y

at 30 rpm_ 165 CPSs)
EXAVPLE 34 25  at30rpm - 185 cps. Preparation of Nonyl phenyl/Clerr] M xed

End- Cappedo Effect of the Deghe@fWi/droghone Enraitdppity orl RePaii! vent - Free

. Using. Sodi um Hydroxi de as the Base
Exanpl e 28 was repeated using a PipRartigsof ol tabBelyetharsit hoxyl at ed

nonyl phenol, d err] i was béfprsing ith And ihabineldegréd &ftlyardphobé 8hd-Lapping, FePihe
CO- 890; avail able from GAF )
29 VO feastion of ghain ends capped with a hydrophobe, of the poly{acetal-polyether) of

PCT/ US96/ 04204  a given molecufir Riighit idPdmatitailly Afediéd ¥Lkd)pdimproperidl (thickening

. substrates. The ofher reagents used are .
15 efficiency, ICl'viscosity, leveling, and spatter resistance). This is exemplified by

comparing paint properties of various poly(acetal-polyethers) of identical
molecular weight (weight average molecular weight ~ 31,000) prepared according
to the procedure described. in Example: 28 but containing different degrees Cie
capping (see data in Tabie 5).

20
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shown bel ow. a. PEG 8000- 1250 g b.
| GEPAL CO-890 - 25 g 5 : c. Sodium Hydroxide - 37 9

d. D brononethane - 18.5 g e. 1-Bronmphexadecane - 60 ¢
Thé crude reaction mxture was soluble in water (2% solution BF viscosity
at 30 rpm - HWabogidisse 10 Ef fect of the Degree wirnidsgoaapobe -
End- Cappi ng on the Paint Properties of

Pol y( Acet al - Pol yet her s) It was surprising to find that the
degree of hydrophobe end-capping, i.e., the fraction of chain ends
capped with a hydrophobe, of the poly(acetal - pol e%her) of a given
nol ecul ar wei ght dramatically affected its key ;éi t properties (thickening
15 - efficiency, I1Cl viscosity, leveling, ,an@ sgatger resistance). This
is exenplified by conparing paint pr e@’i' s ®f various

pol y(acetal - pol yet hers) of identical Becgl a§ wei ght (wei ght
average nol ecul ar weight [err] 31, 000) prepar_?dfac'é'orﬁi-ng to the

procedure described ingExanple 28 but contai rgn@ dof f'grent degrees (Jerr]-

capping (see data in ble 5). 20 25 g 5
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PCT/ US96/ 04204 What i s clained:
wat er - sol ubl e pol ymer conposition conprising a backbone of

pol y(acet al gr, dcRlidh- POl yether) which has ends that are cappgernidoshiazos
hydr ophobi c groups. 5 2. The pol ymer conposition of

claim1 wherein the hydrophobic groups are i ndependent |y sel ected
fromthe group consi%gm,ﬁg,mahkyl aryl, aryl al kyl,

cyctoal i phatic, perfl uoroal car bosi | yl, ol cyclyl, and cor’rgtlP ex -
dendritic groups. . Awat "3°|“b39 PQ'M@%‘ER"?&?? 'Pl“ﬂd‘hb‘!ﬂ‘ &9fm 2,
wherein the al ky oaypfc"eidu épkeml-Kuketner) dnich has endswmébépﬂeawmo&c
groups conprise 1 to 40 carbons. . The pol ymer conposition of

claim2 wherein grPS&ryl, aryl al kyI cycl oal i phatic, and
pol yCyclic hydrophobig gflﬁé'ﬂflyﬁgmmﬁ&lt%ntd? cfkﬂnqaﬁlmﬁﬁ the hydrophob:c groups are

The pol yner conposition o aim 3 wherein the hydraophobic roug 1S an
al kyl group of 8indspendentlyisgiected from the group w"s'%'ng'ﬂﬁé*piblaw#éfy'é Wposi tion

of claim5 wher e'cpuaélﬁmm rmbakﬂr%m ﬁﬂ%féyrblyl anaah&weﬁaeﬂ&mk%r&?ps

car bons. ymer conp i‘'on of wherein t
hydr ophobi ¢ group is 3 The P°|¥@Pé€Q@EP#WmfFH§"§rUOH%ﬁ§|3§M rli'g’fb'PTQﬂ“SM' and

aryl al kyl, cycl oghj,a8 drPHolRE lgydups!compRbe 9 to 40 carbond 0 29 car bons.
8. The poI ymer co%rpbgsiﬂlpgnﬁgfoc lg Im7 V\/ngreeln thec?l d?o hobi c giroup s 20
ry!

sel ected f#®m the grofp H@ﬂ]Bﬂ"!@thOmeSQWIOfcbW?mﬂﬂ ﬂé%/é'l!!b@ aldt i ¢ and
~polycyclic of cgcloahfh&f} Ledhd %ol Em%rophoblc c groups compnsg 314128 cQﬂJanger

conposi tion of cl erel nthe upper limt th | ecul ar
wei ght of the pol yrrer5| sThepelymer eropasition of cla|m3where|n the hydrophoblc group is an

alkyl group of 8 to 22 carbons.
6. The polymer composition of claim 5 wherein the hydrophobic group is an
15 alkyl of 12 to 18 carbons.

7. The polymer composition of claim 4 wherein the hydrophobic group is
selected from the group consisting of aryl, arylalkyl, cycloaliphatic and polycyclic of &
to 29 carbons.

8. The polymer composition of claim 7 wherein the hydrophobic group is

20 selected from the group consisting of aryl, arylatkyl, cycloaliphatic and polycyclic of
14 to 25 carbons.

9. The polymer composition of claim 1, wherein the upper limit of the
molecular weight of the polymer is about 2,000,000.

10. The polymer compuosition of claim 1 wherein the upper limit of the

25 molecular weight is about 500,000.

11. The polymer composition of claim 1 wherein the upper limit of the
molecular weight is about 100,000.

12. The polymer composition of claim 1 wherein the lower limit of the
molecular weight is about 500.
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i ccul af vl gt 15" about 500, 000 o 111" e LZHIIIH!IlIIILﬂIjHﬂIsl Il

conposition of claim1 wherein the upper limt of the *mot ecul ar
wei ght is about 100, 000. _ "12. The pol yner conposition of

. . . . So
gggl m 1 V\herv%gmgl% lower Iimt of the . nmol ecul ar Z\QBPW wnbo\%)
96/ 31550 . ) . o
PCT/ US96/ 04204 13. The polymes compesition oflainch wherein therower limibofithe

wherein the |ower lim f ‘ wei ght of the polyner is
about 15, 000. molecu'?artw&gh{%ir}e %Igmsgllﬁgn%‘?ﬁggﬁigg'si tion of claiml wherein
the lower linit of tH&. The polymemcbmpasition afdigim 1 whergisothe lgveerdigit of the
15." A pol ymer conposi.tion. havi |l owi ng formula

[err] 10 #\B@cula(,\ﬁgllggﬁ\é aBllut 200" Rlerr] and Rlerr] are

i ndependentsl y sel ect €8, # polymércogmposition oraving tha folipwing formula hydr ophobi ¢
group having 1 to 40 carbons or H, Rerr] is selected from
the group consisting of H, alkyl hg\?i ng 1-5’ carbons,? or a 15

© conbi nati on thereof, R3 dnd R4 ark indepehdently sel ected

fromthe group consisting of I—@%@Hz _Qjo___(?__o__f%_}z;éb,_@)rp_qﬂs, and phenyl,
a 500, "a Y

y is an integer of from about but X is an

i nteger of fromabout 1 to about 50. 20 ) 16. The pol ymer
conposi tion of claim15 wherein R2 is H. x 17. The pol yner

_ corrpositio‘r? of claim15 wherein R2 is an al kyl qfavi ng 1 to 2

car bons. where 18. The pol yner conposition of claim 15 wherein

: Rlerr] and Rlerr] ar eRPng] RsHare independently seiected from the group consisting of a
hydrophobic group having 1 to 40 carbons or H,
R, is selected from the group consisting of H, alkyl having 1-3 carbons, or a
15 combination thereof,
R, and R, are independently selected from the group consisting of H, alkyl of
1-6 carbons, and phenyl,
y is an integer of from about 5 to about 500, and
x is an integer of from about 1 to about 50.
20 16. The polymer composition of claim 15 wherein R; is H.
17. The polymer composition of claim 15 wherein R, is an alky! having 1 to 2
carbons.
18. The polymer composition of claim 15 wherein R, and R, are both H.
19. The polymer composition of claim 18 wherein R; and R, are alkyl groups
25 having 1 to 2 carbons.
20. The polymer composition of claim 15 wherein y is about 180.
21. The polymer composition of claim 15 wherein y is about 100.
22. The polymer composition of claim 15 wherein x is about 15.
23. The polymer composition of claim 15 wherein x is about 5.
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conposition of claim15 wherein y is about 180.

potymer conposition of claim15 wherein y is about 100. 22.
The pol yner wowgessé i on of claim15 wherein x is about 15. PCTAUS96/04204

23. The pol ynmer conposition of claim 15 wherein x is about 5.

26 WD 96/ 31550

PCT/ US96/ 04204 24. A procéss fopareparing & bydrophahically 8pdcanecipoly(acetal- or
hydt ophobi cal Iy gagh g al - or ketal - polyether)
conpri si ng %%%r?@&% reacting an al pha, onega-di hydroxy,

-dithiol or -diamnmno pol@yet meacung an alpha, gmega-gijihydiaxy, diithiohemdigmine polyether

omega- di hydr oxy pbpd of BenP i 8360 Bhafteehipol A A e preb8idh o ShaR i
b) reactirsy thefornakiaipha, amegasdihydioxpbriyacetsle agketal-palydthennbatkbone, and
- hydrophobi cal l'y end Capgfm@%]éeﬁ?lgﬁtﬁé %cekgﬁngﬂtﬁh@m&bﬁwi@rrga%emtoform the

25. The process of clai ydropho rou
i ndependent |y sehmmbfcaumnﬁeamlﬂmlﬂfikntgl-pblyalhlegbl aryI aryl al kyl,

10 1Y 0811 PNAUT € 2P ShE I ok i SR LAGRI ey BRGHBLElof gpaclg dendritic

| kyl,
gre(r)]l‘J Pﬁor oal kyl , mdehm‘debﬂ;ssélyﬁedfromthe grqmmphmgfgknm amq?kyise 1 to 40
bons. 7 ' 5 I
aryl Al kyl Sy el csycioghate: perfl6roBidt Earbogly. Bobeon° ol S otk

conpri se 3 to 40 cari26nd heﬁocess of claim 28.. wtﬁndn ;ﬂ‘ne)alkylsperﬂumalkm a6d cdrbosilyh

t he hydrophobic ' t 22 carbons.

29. The. pol yner &:ﬁ%ﬂoilgkﬁgﬁu%%%ﬁe%@ncg&qnﬁ t he hydrophobic group is

an al kyl of 12 to 182Faibepsocess of claim 25 whereirgihe afylcanytaiyt cycloaliphiatic, and 7

wherein the hydr r he group consisting
SR SR ordGbE Eorihee W eamporst s 1 7070 5% o

of aryl, arylal

29 carbonsis 28. The pBdcess btcipim2€ whersin thie dnydrapbobith @ravipnis ahealky! of 8 to
hydr ophobi c grou% ﬁ'ﬁ‘g ected from the group consisting of aryl,
aryl al kyl, cycl o I'c and pol ycyclic of 14 to 25 carbons. 25

- 32. The process of clkfi iTh@polynes composition wpplaim 28 nivhiereih thébydropleabid group is
wei ght of an alky! of 12 to 18 carbons.
30. The process of claim 27 wherein the hydrophobic group is selected from
20 the group consisting of aryl, arylalkyl, cycloaliphatic, polycyclic, and dendritic of 6 to -
29 carbons.
31. The process of claim 30 wherein the hydrophobic group is selected from
the group consisting of aryl, arylalkyl, cycloaliphatic and polycyclic of 14 to 25
carbons.
25 32. The process of claim 24, wherein the upper limit of the molecular weight of
the polymer is about 2,000,000.
33. The process of claim 24 wherein the upper limit of the molecular weight is
about 500,000.
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the pol yner is about 2,000, 000. 33. The process ?ﬂ“ﬂﬁ“[ﬂ“ﬂ"lll"ll‘
wherein the upper linmt of the nolecular weight_is. . about {588 | oy, i
27 WO 96/ 31550

PCF/ US96/ 04204 34. The process of claim?24 wherein the
upper limt Qfobdiissgo! ecul ar weight is about 100, 000pcrrusS6/04204

35. The process of claim?24 wherein the lower imt of the nolecul ar wei ght
S about 500. 5 38. The process of claim24, wherein

the lower limt of. t ha4.nThepibess ofsiagni24opherein the uppendémpor theomolesutabweight is
15, 000. The process of claim24 wherein the lower limt
of the nol ecul ar a'&'5‘/3‘?"91}%)O?t?w about 20, 000. 38. Afilm
form ng coating conpo35.t Thprooass of Siaiy menqldrthg)lmbr lirait bf the mablédular weight is
capped pol y(acetaﬁ*) QY ket al - pol yet her) conposition of claim1l.

39. The filmfor ‘Q’ 98 ating conposition of claim38 wherein the

coansi tions y |?ﬁ a‘lrhapwneqam'frdanm 24t r]melieur![ the lowermtﬁnt of thee mbleﬁuliaowaighgof
~coating conposi | cl ai ein the latex pain as a
pigment vol une YR ’(’F‘?aﬁf ép"il? %@ about 15 to about 80. 15

37. The process of claim 24 wherein the lower limit of the molecutar weight is
about 20,000.
38. A film forming coating composition comprising the hydrophobically end
10 capped poly(acetal- or ketal-polyether) composition of claim 1.
39. The film forming coating composition of claim 38 wherein the composition
is a latex paint.
40. The film forming coating composition of claim 39 wherein the latex paint
has a pigment volume concentration of from about 15 to about 80.
15
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