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Technol ogi cal Field The present invention relates to the field of

functionali rs. More particularly, the subject invention
pertains tclmmmmmmmml ene polyethers and to processes for2 §hHjiR 2002
preparation. Thg resent invention also relates in particular, to

copol ymers of such pol yethers; to procésses for their preparation; and to
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situ polynerization of vinyl her pol yol, pol yest engsiee+
pol yol, or polyetherester polyol in the presence of suitable stabilizers
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and/ or styrene as polynerizable V|n¥l mpnonmers Wi th an active, free radical
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vinyl monomers in a polyether polyol, polyester polyol, or

polyetherester polyocl in the presence of suitable stabilizers are

useful in producing a variety of polyurethane products.

Description Of The Related Art

Polyurethane products are generally prepared by the reaction
of a di- or ©polyisocyanate with a hydroxyl-functional
polyoxyalkylene polyether polyol. To provide higher strength and
load bearing properties, polyether polyols containing vinyl polymer
dispersions were developed. Such "polymer polyols" were initially

produced in situ in polyether '"base" or ‘"carrier" polyols,

generally employing acrylonitrile and/or styrene as polymerizable
vinyl monomers with an active, free radical polymerization
initiator to promote vinyl polymerization. These early polymer
polyols were generally of high viscosity and low solids content.
Attempts to increase solids content led to yet higher viscosity and

ngeedy" polyols with numerous large polymer particles.

It was found that higher solids polymer polyols of lower

vigcosity could be produced by adding polyols modified to contain



reactiyve unsaturation. Further inprovenents in the manufacture of polyner
polyols utilised performed stabilizers, and the use of such reactive
speci es has enabl ed the pol ymer pol yol solids content to be increased to
about 50 wei ght percent with reasonable viscosity. Additives for cerrent to
increase the fluidity of cenent paste, nortars and concret%s] Wﬁv
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to prepare a wi arlety o olymer po would be further
desirable to be able to prepare polymer polyol stabilizers in
shorter time and at less cost. It would be yet further desirable
to prepare polymer polyol stabilizers which themselves have low

viscosity. The polyethers thus prepared may be used to manufacture



~~ i ~f~~ LuUL 4 substanti al addition polynerization involving the sites of
unsat uration occurs. Thus, the "initiator"™ or "starter" e&a Q?Rng have
at | east one site of ethylenlc or acetyl enic unsaturation, one
functionality capabl e of being oxyal kyl ated, the oxyaIkyIatabIe
functionalities conprising not nore than one carboxylic acid group per

mol ecul e. Sui tabl e noncarboxylic acid functionalities are hydroxyl, am ne,
sul fhydryl, al kanolam ne, and the |ike. Essentially all oxyalkylatable
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6 oxyal kyl atabl e Iinking group precursors; wherein R~ is C1_8 | ower alkyl,
optionally substituted by the same substituents as optional for R and
wherein Ris a C _3o0 hydrocarbon containing at |east one sitz P ﬁ%hmmfnlc
or ethylynic (acetylenic) unsaturation, optionally substitutéd
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2 ~ MAn 2002 9 Z00O 'ppm may be necessary to achi eve a substantial reaction
rate under the process conditions chosen. Wth very active catal ysts such
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and net hacryl ates, for_exanpl g, yhrequire i gher, | ewels af inhikQitor than
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11 polynerization inhibitor is not used, particularly with | ess active DMC
catal ysts, the product may be highly colored, or gelling of the product my
occur. Follow ng oxyal kyl ati on, the product may be vacuum stri pped for
exanpl e using a streamof nitrogen, to renove unreacted nononerg go?@
vol atile conponents. The product may also be filtered to rermve trac S

DMC catal ysts or their residues or may e subjected to other nethods of
catal yst renoval . \Wen DMC catal ysts of the ultra-I ow
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the like which are desired to be inpact-toughened. Alternatively, the
polynerlzatlon to formthe polyner to be toughened may take place in the
presence of the reactive unsaturation-containing initiator, to prepare an
in situ toughened product. Inpact toughened polystyrene, poI yacht CM'AR %E%
SAN, ABS, PVC, and the |ike may be toughened in this manner. An unexpec
benefit of the subject process is that the reactive-unsaturation-contai ning

pol yet hers of th% ghﬁﬁh |nvenhnon ar of low color, permtting their use
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woul d lead to a variety of ill-defined chem cal |inkages. 21 ~~~ ~DD~
15 The unsaturated pol yethers or nacronononers of the subject invention are
gquantitatively different fromthose prepared by reaction of a

hydr oxyl -reacti ve, reactive unsaturation-containing nononer with a

prefornmed pol yether polyol. In particular, wth nonofunctional reactive
unsaturation-containing initiators such as hydroxyet hyl net hacryl ate,
oxypropylation will yield a polyether which contains nmethacryl ate

functionality at one end of the nolecule, and secondary hydroxyl at the
other end By contrast reactlon of nethacryllc aC|d or

o . g N o, o 1 o



W)95/ 16643 di scl oses' a pol yet hyl ene gl ycol nonoester nononer, formed by one
of the methods di scussed above. In W95/16643, the nonomer is formed by
esterification of a polyal kylene glycol with, eg. acrylic acid. The nonomer
products of W95/16643 (which are subsequently copol yneri sed mﬁth 280 MAR
unsat urated nononer to forman adm xture for concrete) unlike those d? ﬁ@ﬂz
present invention, do not have the wel |&defined characteristics of the

unsat ur at ed polyethers or macronononers of the present invention. The
cononoREF oL 1HENEo p SHYIREHIYACP A Qehe affrsirtat ik naes Brphener chioride,
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the activity of the particular DMC catalyst. For catalysts of
lower activity, such as those useful in preparing low unsaturation

polyols, relatively large amounts of catalyst such as 250 ppm to



The caopolyners are prepared by a process which utilizes as one of the
cononomers. an unsat urated macrononomer obtai ned by oxyal kyl ati on of an
initiator nolecule such as acrylic acid with an epoxi de such as

osyal kyl ation of an initiator nolecule such as acrylic acid wt t}a?r}éegoxi de
such as et hyl ene oxi de and/ or propyl ene oxide using a doubl e net 4/1 rd (02
conpl ex catal yst. The unsaturated nmacrchononer is characterized by having
not nore than substantially one initiator nol ecule of reactive
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macr ononopers have a greatl educed tendency to formgels durin

copol yfBFzafi 6rO88 @81?53‘&%4 o e dhvent it S Drepar Bt anal ‘b%%uegc,)smh?’éﬂ
cgnt ai B, skgnebincanrimdievead sfidm pDé%sltn)sﬁéﬂr at pgmsm@cr:]ize:sssl.c me; cﬁopl@ibgm@fd Sapé
the present .invention are _prepare Cc ining the aforedescribe

unsat u}lﬁ?galm@?gﬁoﬁgﬁglgre%rlyﬁ%ﬂoﬂ} g%ﬁd%ggcsp@%hd:ﬁe O%&%&né)pd‘}' nor e
conmononers in a suitable solvent. A solvent is presently utilized if the
macr onononer(s) : ~ === 102 0 ) [ I.SGJ er
t he copol yrrggli z.aatl l%%]ﬁdiS#PBHSFE hg%g)&%\%t%’to ée ﬁgégtpgkt hTeS Cﬂebéu%uﬂg
copol yiBEr2abceRInediiher @AYt $Uds Uases ving billsncirarte imdaico novroyel k phait e her
mononerg;akgesel Ukt M FHatbeoRr SEEEEST 530l eNES REI NG RLBFa 1 kOVEE ion,

al i phati c_al cohols such as nethanol, ethanol, isopropanol” and the |ike and
mi xt ur ¥4 tPhePBoMithRi ool §PEYERGEL i REFABLSO URIRIHDUSAIE e carFied

out igfgbha;gﬁsem@ ghea da@itmz.ce'aqr @mﬁ@feamgéyldﬁ ag| %dlnﬁxt%i@ lj\yith

m sci bl.e with unsaturated nacraqnmononers prepar usjng ethyl ene oxi de as at
loast AUBBPEFORCIT Slie SIEPEBIE T FHEN T @ e GHdI ST i fon offg Hosastor
mat eri aks tdmad echn ofleshdé pedtar med twiddeouyt slodateed. The adpol ydesizedi on
t enper I t belie e i cularl.y ifjcal,_ w e _optjoum
tenperg%ﬂégr\%g}lgighg ‘e%e\éggﬁ/g%&%on&?%éeéi éi%tei y&%{fljdirgacg%l\%/%%£%f o.'fj%he&gr'u
macr onbReAbPaarld Oc risnery syeachred pol Yher rzacion paiesisatrer lgndnesol vened
the no|,geuh aryyeightt desi redssand SQr&?”shi i &2l s chOWBYEry § nguction
tenperatures in_the range of from about Q' tho about 150C are suitable. The
copol yREF1pREpshatrEherafPtBe CdndceFatm ysteh 1 Ssavedat AN 4 coftd hidts
processgs. b&eh! vt NYa€ORO! yried i iZatiilorameriel@taveby vekakhka bpresstsd
rmnorrehg are gegerﬁglly st.ri pped fromtheppraduct. Prior. to usin thet.
copol yHEF a§352L&fERt  SHdiAIVE, (78 f PEEFCH By 111 P g r ot Gfer -+ o
anhydr pdeygrgap&yileneheodgpdly memddéyi wée fusemdihe eanoniorere drayateel et | y
or partj.all on o] e : onv, j d qu\g?'

the ar ?hggcﬁch;es éflgééfgr%%t hv%ngt hﬁ%a%.eg?égbg¥?8éa§gtq&c])%r}gér %%ieg% %ék (suc &
nmet hod$onefadss ometengsidest diy edmigtage mad/ o iiZatdesmenste to prepare a

' saponpibaatt 08t ) de I dBAlSc W d Rindhineh elche agopeli yrer. adgh-t hvesaofaihe
i nventi sed are hydr]%g%_l c cenments, neani nggcgggnts whi ¢ when

n_may be
nmade iﬁ?ot%ep%’gﬁf }3E R erPUSEt Shd- Har GF as "R Yy BEul oy 1 ER retgpence
20~~ 1fochérs caf oreneit Dnsedetiween phhenwat, erwiainch cenentincBaipoatalte d;enbot S
i ncl udghordi narg gll;i ck-rhar geni Eg ra@grm)ccl%r ate- heat portland cenents,
al uni nx"¢&nght’, BF st PHGPREcE ' s g censnt, “and flash cenent. O these,
portland cenents of the ordinary and qui ck-hardening types are particularly

desirabl e. tyi f; 0 ﬂgfﬁ | Vary. M Gl oEs
such as thewgg%ﬁ%%#{&%}??élo&y%g%ot t %é%ﬁ%gﬁﬁfagggonggg{gm%%n{f, t he

t ypes) CORt ANKPNENe2 &5} BOR ePéct e f bR1GeLOrheIHOIRZE UFRE VETYHTS of £t Hehe
copol ypekctapd t4ie hdestbkydanth rgliBliveenr anor t bppsiehtibe amyonanes3a@nd

t he unsat ugat ed macronon r. T additive 8uant|t§ to g us.edl In. - or
accor dBREEOV LRCCRETFAFES: iP0h T TSIy i RO hE*PERES ' of U6, 00 T'ovs

pr ef er ahliy 1881 st @at%e biased conheheenet ght cofit tinyogehente i diner qlioss ¢ 1 ye df
water to he.used for _seiti t Ntk t critical; generakl| i ght
ot os B VARG Behght DreenevERal ol 3ePe cIiRT o feEe i%@%ﬂ%f to
0.5:1 anétsatpsbacneny. \Wieeecdes)reels ardygreyatfe Bur hiraist by bs) may
gravel 5188Nde PUALESanPEdl by CoRERRLIES PEndR &l WeSHEABI@of way beiesplwyed
i n conventional anounts.



Advant.ageously, the copolyner additives of this invention, which function
as water reduci ng agents and/or superplasticizers, are used in conbination
wi th other known cenment additives. Anong the optionally enployabl e

addi tional additives are: conventional hardening accelerators,(&;},Vgetﬂmz
chlorides such as cal ciumchloride and sodi um chl oride, nmetal sul ;té

such as sodium sul fate, and organic aniifes such as tri et hanol - ani ne;

ordinary hardening retarders, e.g. alcohols, sugars, starch and cellul ose;

[ ei nf oPCi FRPPSHEHIUR 0P F BT bh ZPRhIDIIEIES 16U @3eS0di af Misdaseshdi kalcPum
nitriteatebitersogatoars r edd Nith ROHE5 U hase dd Wy nedtd & acid salts, as
well as salts of oxycarboxyllc acid and formalin condensates of

napht hal enesul fonic; acid; air entrainers; other super plasticizers;

shri nkage I‘@Iﬂida@l o Agerdd; a5taeﬂgmbegahaﬁéeb$ swehitad dad i SOPROGNEAM BBe

tif t, 20 hosphate; _fib
e aC By SaRy e o HEE HESChGTFT RESFRERUaRT FE) BrJ308n BALBR: Bnal

i ngr edls@nvtuldr idegriedikant s bes Lmraddcycéﬁ 1-B5% btyhe/\mms@rﬁcé heof:errentvﬁﬁma
manner _Qf t, C ad t hs n

be 1 he P e A o o B ATt oF | Fbe - aap ! thet S50 offe
addi ti vétél@wtbéhﬁd@rfﬁ@@n\met pfacxypeabl élpp@p@#yabhybatmner aaﬁdgeheral ly

resul ticagssRicld 0ns kS vEXR w@aﬁfﬁgnanan@hﬁg%%g@tethﬁ N AhLAnRAtENe, @
sui tabl e anount of the copolynmer additive nmay _be_added en cenent,

aggr eg&H¢ 1&ikd WaPEFCAr eplfﬁ%%‘élfe At h@Pené%%oéléWlieﬁ@r oBEFRg tHe AddiEhee
is to aeeskhdeodfhg gmé @aa@ﬁtt@rtﬁé pooeesaf t ergor 4AgbAY. nIbecgencrete. and
t he Ilgé |nc§ Qoratl %Hﬁogoﬁ% E addi tive acc rdl to the |n ntlon
may be t&ppPteati enﬁi v§: ?eﬁﬁﬁﬁﬁléj nbe9FP8%€ ¥d 18
f|IIedsubstamm&alagpMGm¢ln/Enwxaudqmman uwuﬁiﬂshiéwyam%y$atﬁoﬂ.ﬁ@@&kbﬂg
gun. Fendeni.ng. oo it g o, the,concrele BpdoLhed | Kermy Redhwany ofghe
air drying, me water ‘and assi s (steam autoclave, e curi f

t echni qnégodlufctd@@l p&dalkvibene omide sudhittedtrs qu@sbﬁapr@eac‘@rrbehédkncme

respeckbVve Hdbd Ngxendyt iioNs. pRy e e SANR aﬁoi?mé??z@@%bn In'@uf&&ﬁfe
havi ng .not _nore than one carboxylic acid group | ecul e are those where

the pred8APR&RE SpBBEI af PENCHRMRBE echl ‘ésb%%ﬁ@%‘ﬂh%o%%t brfe-BFPRBheAR HRYE c

aci d geegpenyEpaephesydfrasuel i nFdcBL,0rcuarg hyer oxypr epyhmeiact yibat g1 and
met hacrylic acid. It would not depart fromthe spirit of the invention to
add ni geteqghgdti tirdgltirobenzess t Wt S emsienser c8rtordN idn waisht that bike -

di car bexykbeuagbgeon of hatred regmpound such as nmalefic acid, malefic
anhydride, fumaric acid, itaconic acid, 1,4-butynedioic aC|d or the Ilike.
The follow ng Exanples illustrate the |nvent|on 21 MAC 2(7~~‘ 21
Exanple 1 ATheeihhtbntstishedldemmiunedswnhargadumttéfi@Ethg to inhibit
hydr ox Inethac ) of ts s, d osed
U SR 2 1A 631 et kY AN ot R T FeSfRa T o
100C wihhbsst ithei r@glomrawaltledvazamdwmbpyhene*eamderl(cygog) tfleal partheular

r eact ogypIne s AiddAlu Rl € Al bgtégagharI(nleﬁhggryia%e@ﬂ 054 Wxafpier 20

m nut es; Pthe reactor pressure p3|g%%and addi t] onal
propyl BA¥ oXFEBITS f &d WGt i ﬂ@d@w &f 6. 13gHitPuntihah thre¥ of*®A5L ¢ has
been added:ulhe l'b@la@td?lrtatl@lm ahlke dt> A ntmw%caintmﬁc idn ospheutwihi s

Af t ' ddi ¢ |l e t hel d at
700C uRLPP HoGHnECBH SRy RLHT B 6 obSBrvEat RRbI BLEP Uy BB e RERORI T s

t hen steqpﬁedngnmmgh&nnnmnwnt£OﬁffxnhlbhEoprodﬂmbunfbeqﬁxmnhlbxﬁqrodu@t

(725 gggééh\ée{ﬁﬁééhgh#a%ayfv% Hd Oflggg %‘fstg:}‘?i 55;/ A 5Pk 134 Bau Sa 434

cps) ( r oxy g and an unsaturation
of 0. chztﬂ&qﬁtgg @@t@a\t@g,aﬁmrmv@%eab@wghﬁ 6f ve3dphandsrcent to

pol ydi spesi by w(e"f‘yn'}{'ﬂ@eqfce%t04 AR SHAYS firdonf QPARINSD siPsiadh @l par dén PO
units per nmethacrylate unit e proposéd structure i s consistent mnth NNR
and | Rtpesthaut 17 weight percent, and more preferably from about

weight percent to about 0.5 weight percent. The latter range is

particularly wuseful with 1,4-benzoquinone. If the wvinyl



Conpar.ative Exanple -C1 A procedure simlar to that disclosed by Japanese
Kokai H5209052 (1993) is used to prepare a ca. 1000 Da nol ecul ar wei ght
product, except that a | ow nol ecul ar weight starter is used instead of a
much hi gher wei ght pol yoxypropyl ated oligoneric starter. To a oqp1lﬁp$r2mu
stirred reactor is added 70 g hydroxypropyl net hacrylate and 0.269 g of a

t - but anol conpl exed doubl e netal cyanide catal yst prepared as disclosed in
U.S. Patent 5,470,813. In contradistinction to the subject invention, no

vi nyl polymerization inhibitor is resdededlh@aredctuilanr ly xtiuhel &ssvactulme
stripp | ' ge I | f | ght. m-nutes, the reactor heated
B A I k. R T

t he renteOrctandyt Recr&act or pressure reaches 53.8kPa (7.8 psig). After 7
m nutes, the catalyst is observed to be activated 2 1 MAR 200Z 22 due to
an observed_pressure drop, and significant exothermc reaction is observed.
Propyl ene oXPUEOWENBhEHYREHYLGLERE r ER6t BIXOSUCE Mgt RF P OIY B ipRed, a
total ebr43dgmpBe addeithg The Btxtune ¢85 thendrld akol3Pefoist ihnLconst aat
pressure i s observed. Residqﬁl react ed $rogy en% oxide is stripped under
VacuunaPOTS88 Canhd GUE Hasl % SPBCORPEGS of 3h82 PPRYCERERY GhSo dee
25' C déspteeebiavd ngemove| exates o iDUT caft aQnigt sabeut hd@00r&aidlbe ¥ sepsity
may bebgogm%wg%échtge ver sinikgr pr oduct %flthg'precedi g ex%ggle #fh
had a 9Tscosity of onfy OB BEILCAP3LLpSPtalest t haRCBRL: t welitFat e
vi scostéyabysthe odnpditat i vel pradlot. tomeverattbe-pabducahghardenrs iard he
col | ecty tl d fur al ysi s, _J for . asl e 2

one-Ii%g 92 ??fegj%gagﬂgﬁlisgﬁﬁg?ggd(%?t%aféggﬁﬁﬁppggguéggfQS%FExgﬁpl%hi,
0.02 gPDRRVeht aPystheapgoduzd galehzogubieneedThe mixpdee fiid thegtien to 100C
wWith stirring, and stripped under vacuumw th nitrogen sparging. After

stri pping, géoggline oxi de (25 g) is.fed to the reactor. The initial
pressure of 1PRePPLEEEBFTPstRYBL BiPEOdUBePsTRY . Pariged 0 RERRFE Rplgymer
react opobyessuns dadpsngo #BkPaeb8. Fpsi ghband addidi onall pr®pyl. enensixi de

is fed_ t h ea continuously at 6.5 g//mn_until .a.total of 13 as
boen: aRieit TRbT Tl ofiChi BEBINS Ron” abbhedt 6 ebidiane ks TFe. B

t he redodse! 28 g"egetrbdartripodyiod .addédeand P@otreediingyt ombhemeeact or.g.
contin of int al af.:660 g. Q%ggg
tenperggu g$?gt%g?§fainga§§?£%BOC gﬁ?@%gkout%fﬁ?% pr8§£?§?| t(ﬁgﬁ%%ﬁf?éne
oxi de BEENYIdRTYS2EBNpIRMELt RS HiBENF e ¥sMaBhYl 8t yI6DE, uritiny Jetbonsidmt
pressuyeny 5i@bser ¥eor RES| diadmakywasied JIRNeMR 13Rd acet ahtsidengd d:hen
stripped ugder vacuun1a% 60% framth groduct. The re uItlng product,. in
the ambunt9Bt*7848  gPTRASTECYYsEOSPPYVER 41123P4151PRAG16 3¢S YO ly
hydr oxyl nunber of 10.4 ng KOH g, and an unsaturation of 0.0044 neq/g. GPC

gi ves a nunder,. r I l.ar i.ght. - 6933 a i j it

(o vy of 3 30y G B AR e B e ek it - SRV ERBNS T Lo s
subst anydupperoRi e, utdrguan neehagidieat eranpuliFne, penoxyési®r ~~EG2R3
Pr oposegnsthitgt Urs- | sneonsiiat ent WddedANVRapd LR fesHl § 8e 1 BXamRinfnch g .
one-liter stirred reactor is charged with 100 g product from Exanple 1
0.04 gETREPEas f§Suitpae fE@ﬁzBaaF%i‘aep%W%DZ@t%%m UeHe: L ater fri by s
heat eda &9l 100fo3i dbs sthcl | 4. d Rt Bre padddel dB8Qr@) dis et tlo gdrestierct or .
The iniikaL pressure of the reactor s 193.4kPa 913 p%i After 17

i nut 8Lk Phe PEESHE R cbLfPe” APopt BB TkPE PV J5 B Ly A AR ondi
propylleneybpedeivslied, t @ -tehylr cpetoct cane | N2oBSs Ay mett h lg/hmxartes 25 S-atial of
100 g. en, ion .t LS.l ed t ' f i ng
P A e L i e S ol
of 5001 gl pdopytlyie- oxhvérpsyhudBdprer REYnx e lihexpaiog ta, 130@N0¢ht i | 380

const api¢ PILSEHr € digrobsgl vedy oRes If< dyabutpreact gd gpnoner sand Aplyiene are
t hen stripped under vacuum at 60C fromthe product. The resulting roguct,

in t he"aRBYHPUBYY 9B HilBhs A iEETNaF bfeg e tpa. YoFyreheyredsrye

cont ai asyl2fepbxiabyene. tht hBsva hygnoxy| awabeheotz8. dagglitebbg and an
unsaturation of 0.0073 neq/g. GPC gives a nunber average wei ght of 4853 and
a polydispersity (Mv Mh) of 2.43. The proposed structure is consistent with
NVR and IR results. Exanple 4



To a 12-qQz reaction bottle, 100 g styrene, 100 g distilled water, 8 g
product from Exanple 1, 1 g tricalcium phosphate, 0.8 benzoyl peroxide, 0.1
g-t-butyl perbenzoate, 0.6 m sodiumbisulfate (0.3%aqg.) and 1 nml Nacconol
(19 are added. The bottle is capped and tunbl ed end-over-end i a bottle
pol yrreri zer at 90C for 12 hours. The mixture in the bottle is acildiARe200Ro
pH 1.5 and washed with water. The pol yd2yrene bead product is separated and
air-dried. The beads are hot-nol ded and show a bett er i npact strength than
regul ar pol Y€y rRAeMEbhpt EO5  FRilS lakeipl eoearist e s ehRé opedpdrsat Reh of

an unsatytated amd-cab—bHe vara/édrm@cs@@p@@mlwer eA@Y@J O%apféayhﬁgfyb@te
is used as the initiator nol ecule and a Iene oxi.de a

r
et hyl eRBRERI de RS0 FBE SHEIER FPar o§a?svﬁl§é(d %‘Iﬁ”ﬁ‘ n§ 8}5§ral y]I afPor?boAlt7 % 0
Ihi ;re Qzalgalt: qm)rfémtrreg regaat Omo%ﬁ/?; ehakgedipbh ht K0 tgotal feed btod the
ydr oxypr.o acry 57 catal yst, (prepared.as scribed.in
U AR RS Eh TR0t 30005PE BTeHo MY 0 46 6 BAE 0dth nofE. SR hYAEur e
was st r:loppectturmtelonva@mwhwntrh inidrexgen] spatgiary @nveosi deppeviat fmether 15

m nut einc¥ggs§'e [(-18%? %ﬂé@%@ﬁg L0430 C ol )6 el ng %h'er}ﬁggt%cgl%%

Propyl ene oxi containin dv ox ypr opyI acryl ate) wast
t he regetsdyat roONgegtrat ian aﬁQkﬂ%ﬂe@fWQI’QSugu‘MllVebgt Byl erret pxirdevabige

bei ng tedst@et-hegr gaqt qracasforsz Q_/erlrhél%ga ddd . of 2l goeéﬁfﬂedé@@f&%ed
terrperature was nai nt ai ned C during the addition of the al kyl ene

oxi des Fh@hcel Q¥ k;ﬂ%%@i%%l FF"Bn Ris UEGHD| eRe O HEGH 3Qur ¥ikds RePR at

130° C gotehcy coratfringd esstuisi Wasepbsenrele Resiidual duniesaeied abkybeae
oxi de an t ol z %y\%ﬁre then stripped under vacuum at 130'C fromthe

react i 88 prGdué & 'unsat ur ated macronononer thus obtai ned had a hydroxy
nunber of 56.3 ng KOH g. Cel per rreatl on chr omat ogr aphy confi rrred that the
macr ononone e a uI ar wei ht of 1 73 d.

pol ydi spersﬁth m}&%@ F %ygg 1R anaVyses con |Cr:Fnea§ s b?%Ch

pr oduceehadbelehdesi rad vvebpdéfmnedSst rpcpgeeseExanpl e Borh@‘slegamenyl

demnsbaayﬁértla@t%ﬁpagw QHrQEc@QdUHéﬁBHé%egrgaé]fél‘i’é‘PQPﬂ?rsﬁ"f?%?ed from
hydroxggrop acrylate i s used he initiator ecule and  a 30 nol ar

rati o 6f€ePRGFRRE - oxT U@ BIRPPRHPIY &R LB it vped agr itfg ©r may be
oxKagkyhatb,@edl &7r§mbvé raamé 2 gadd Qﬂ’a)rti][dlrersedrhﬁ@aﬁﬁlag maﬁeC}B@égg@%d&ﬁéd 1%0

r ox opyl a ate cata epared as described i )
Bt BB EERL 85T e A8 g R b e Ry BT S 7706 Yo “EolGERe 0 Thes
reacti Bat&nxsuse 198 , at761; pped 4at, 8BEoM4L, emerza?tSur erfdors , D 4 TR eswhioch esmow e
oxygenhgggikhggcggggggt\énd_r% str lrgglc@ 130' C. Propyl ene oxide (120 g) was
then fe oOthere g

ressure Within the reactor was initially
137. 9kPa (20 psig), but dropped to 25 2 ~ t~I Al ~ 2~ 88. 3kPa (12.8 psiQ)

after 2 m nmheﬁdd/ﬁ@ﬂbhl eBalisBr 9PYL €N81 DX EEs WAS ﬁ@ﬂyé@nébepdsméprpolyol
conti nuou /mnto a total of 1161 and .at the._ s

o] CRES R s ohes Chd RaE t e e AR e ide Fhepr g s Bt (R
of 2708ub;jeAtt envaddibhonawesl ol etsed, fblreotraet poodut ks ur Bowasxdred e at

oxide i PP EReTABTEaPRER oFS: POEn G E el S8 AN 8 fLtv 87
product;n EmﬁuprQﬂﬁﬁknkﬁﬁﬁQzgbr@&@r%eﬂl$@ﬁ§ﬂt?o@§m8r7lﬁ?a§t(@5é5f§@§§ redngl

had a structure, according to NVR and IR anal yses, consistent with that of
the deber edraphredef Priedrenshing at ek eSO e N SBEaH el on TRt akahid e

dermnsgeab@@ltza% MRENRHS Bf @rdINSaL yhét edlapRer OIRDONRIorRAREY afdisi 49
hydr oxgﬁr opy! nmet hacr yI ate as the_initiator lr’rt)l ecul e aln al 50/ 50 nol ar el’gltl o]

of et hihefRg ofr 86 8RB pr BGY &ABS bXi de3S We y unsaturat

monomers such as butadiene and the like. The polymerization may be
affected neat, in solution in suitable solvent, or in ordinary or

reverse emulsion in an aqueous system. The ex situ impact

modifiers may be separated and blended into a polymer, e.g.
polystyrene, polymethyl-methacrylate, polyesters, polyamides, and



A one liter stirred reactor was charged with 230.7 g

hydr oxypr opyl net hacryl ate, 0.5 g DMC catal yst (prepared in accordance with
U.S. Pat. No. 5,545,601), 0.6 g benzoqui none, and 0.4 g BHT. The2n1' MM?UHZ
was vacuum stripped at 100°'C for 5 mnutes to renbve oxygen before

i ntroduci ng 40g propyl ene oxide. The pressure within the reactor was
initially 158kPa (23 psia), but dropped3to 8.96kPa (1.3 psia) after 8

m nutes, Additional propylene oxide was fed to the reactor continuous|y at
2. 5g/ nthet d1ket yharhoprog8egisnad BP Paciupaet tFawckensd endrbxerraWaseted to
the reagkohbd@Mdrmiunision ato 2£6r@/ BhB 12 13mat alo Obe 283ugheAblEMmaAANE Lk ON
was conpl eted, the reaction mxture was held.,at 100' C unti] a constant

pr essuPe®{&s Hbsetﬁ\?edprﬁﬁgpﬁﬁalo ni-&%ct BA2GF kYR et 874 Hed tat el 1 P e Hed e

t hen stnippedckrombhepmitect aunden vactummsugi¥idd Produesul ti ngmpseduct
(7669) had_a viscosity of 0.05 Pa.s (46 cps), a nunber average nol ecul ar
wei ght tepghepeyl olsstyremne . .a polvaRepanityiod, 1548, ARR, af¥ QR ardl Yhe s
confirmedet g %Qd@@ﬁgﬁ@q@e&hﬁl%ﬂé%n}f@ﬂ - defi Hﬁ@xﬁ@?gEHrEéﬁgfﬂﬁcéP”@@mr

structure. ~jr~I anple 8 Thjis exanp denonstrates the
r

_ 1 -~ . S t
copol yfBPY 251 oRTEFeRT urisat (Whitted Thscr GRFTIMETS PHERINER Ui  ehea 1n1ng

procedpogyderershed ithdExaump]«ctd hedier hywlr axypoeplbaciadlale igeddiecting
e mcronononer

initia .ol ecul e, . nupber. average nol ecul ar weight. is
about Egébr and-a ‘Sbﬁgo W FUEPRT St 6 STy %ngtq’b‘?ﬁ%%p%gﬁtjp?%pyv%e%o%?(i de
i s enplingeding oryebkykdt ecflbeanioni.at or nol ecul e. A nixture consisting of
80 g (0.04 equiv.) unsaturated nmacronononer, 16.7 g (0.23 nol) acrylic
acid, 0.97 g azobis(isobutyronitrile) and 0.76 g mercaptoacetic acid was
charged to By256hel twomd bitktlomdefdgieddquipgpedsailt hharaéohahscanesntr raer,
Conden§§r'h¥_68§|t§8ﬁrHPCPQIAQH@I}&ﬂP@dI‘&ﬁHi@ a@r_%p@gféﬁgnfﬂ 60- lrﬁn%n@éuﬁa‘ir' C.

The resulting copolyner was a ear, viscous liquid having a n er average
mol ecut&Yehei gt of VIRY 000 TandtBe wei ghtt Wit age WiSi%cul ar WRe¥ ghtS¥FMBE: 000.
The Coipﬁly@ﬂ_]pkép?laeibﬁdo'fo ah &‘é%clﬁtii\ﬂei-gms%%ﬁa\&atcﬁf— dopduceri rap E)C(M@lreiculge
superpl asticizer I.n cement, concrete _an rtar compositians. e

Wt er ‘(’%%hg) fas S&ﬁlgﬁ ed ?%yagg%rbaﬁfb?%un CE%%HHEEH?U&??U h@ﬁ?ggg?o 7' C.
A m xtpekyceypacpyhgnélpdlygetDebbiaeng va ) hydisat vl afecuprect asronorermidds 8 g
(0.30 ) ryl i ' bi, S ronjtri : 4 .

mer cap%]i!o?(gctfel‘tfflﬁg cy%%:lg%f&méagi%%]le%r%tr%\% és%“[%ﬂ?ﬁ%é(fﬁgisi{%%g% alt?lgtq'l rﬁl noﬁecgs.’ltl%e
unsat uk@rednwecr onBroABL VEAY been prepae edtiheraCapdansdE wnphechées are
procedies-0Eq Exanpl ere Usingr- s D040 W W gt g, 0f e 4Dyl ene, oxi de.jand
propyl ene oxide top oxyal kylate the initiator nolecule to a nunber average
nol ecuH’%}Y‘g\?e?@%’Esb?yabgﬁ?ui‘éob?%@a%%eg%?ﬁd”@t tvﬁé}édd?qli‘%?rﬁlrﬁné“%%&@r%fg was
heat edwé bgB5, Gofior sBOuliinbtegseldbeveegullbwng inater- seindgs efcapa ywers had a
nunber_aver age | ecul ar,_wej ght of 4700 .an i g erage no ul ar

wei ght "OYS 1 PHEGE S g The | 1T £ 9F g B JboBe A Py oS Ry
m xed peakeralblyconctktergngpositioh. t&xanple 10 An unsat urat ed

macr onononer was prepared in accordance with ~ 1 ~~~s 2CC2 27 the
procedures of Exanple 7 using hydroxypropyl methacrylate as the initiataor
nol ecul e anth & B0/FEaweLwE e Af ki Ve d1$ 2 a4 7T bpie- o1 eI BhEd probytehes dkitde to
oxyal ki@t enbhe aBY d-@REPT OpW BB W Bd € hodaopeRberaw@tes ageengl.ecul ar-

wei ght_ of abcc{)ut 500. ]‘é'fe %glsatgnrat ed ma ronnnongrdé%jo?%; 0.(%8 eojlbjlv. was
di ssol R ER g Wi br - St M Xed'SATh 43521 £BS HSY e I E G E
0.59 gclezobesétsebutysavitratlien, shodld. bé gubereaptiaddet iceracixkd Wiechin

m xturge was_heated for, 30, i nutes 70C, _Th Lt n I r had
nunber® ?/er%% %Ig%%ul%?c%\/g]?a t oyﬁggoo;&g @FE%@%&@S@%&% ar vver?sght
of 21,800 baningayxbecusédshstashatel veddesioaddnt ileadth .ceMhm Prashidlet e

or nnréﬁéufgnp%%kk%99§' £@g@arekgﬁe %&?”phglczpercent and preferably

substantially no molecules containing two or more reactive

unsaturation sites, unless a starter containing multiple sites is

used. In other words, a bis-oxyalkylatable starter should result



A comrercial sanple-of a polyether acrylate nmade by esterification of
acrylic acid with a 400 nol ecul ar wei ght pol yet hyl ene gl ycol) was obt ai ned.
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Conventional oxyalkylation with alkylene oxides in the
presence of basic catalysts cannot be used to prepare the unique
reactive unsaturation-containing polyether or macromoncmer of the
subject invention. The base-catalyzed oxyalkylation will introduce
a considerable quantity of allyl group-containing oligomers of
broad molecular weight range which (where the polyether is intended
as a stabiliser) will dilute the stabilizing ability thereof.
Moreover, the various reactants, partial reaction products, etc.,
will also interact in the presence of the strong base, to produce
a variety of transesterifications and side reactions which would

lead to a variety of ill-defined chemical linkages.
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pol yox %ygg}%ﬁg bBertheﬁE%ﬁﬂfon of isocyanatoethyl- methacrylate or
methacrylic acid with a polyoxypropylene diol will result in a

mixture containing both singly methacrylate-functional as well as
doubly methacrylate-functional products. The products, again, will
not be well defined.

Moreover, such products will have an undesirable tendency to
form gels when copolymerized with unsaturated comonomers such as
acrylic acid due to the presence of doubly methacrylate-functional

products capable of polymerization at each end of the molecule.

W095/16643 discloses a polyethylene glycol monoester monomer,
formed by one of the methods discussed above. In W095/16643, the
monomer is formed by esterification of a polyalkylene glycol with,
eg. acrylic acid. The monomer products of W095/16643 (which are
subsequently copolymerised with an unsaturated monomer to form an
admixture for concrete) unlike those of the present invention, do
not have the well-defined characteristics of the unsaturated

polyethers or macromonomers of the present invention.

The comonomer to be copolymerized with the unsaturated
macromonomer is ethylenically unsaturated and contains at least one
carboxylic acid-based group, which may be present in the form of a

free carboxlic acid, a salt of a carboxylic acid, a hydroxyalkyl
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unsat UpgtEOR. anhydride, hydroxyethylacrylate, hydroxypropylacrylate,
hydroxyethylmethacrylate, hydroxypropylmethacrylate, citraconic
anhydride, acrylic acid, methacrylic acid, and alkali metal,
alkaline earth metal, ammonium, and alkyl ammonium salts of the

aforementioned acids. Acrylic acid is particularly preferred.

The ratio of the unsaturated macromonomer to the comonomer is
not believed to be particularly critical and may be readily varied
as desired to optimize or otherwise modify the performance of the
copolymer as a water vreducer or superplasticizer in cement or
concrete. The preferred ratio will depend upon a number of
factors, including, for instance, the chemical compositions of the
particular unsaturated macromonomer and comonomer(s) selected for
use, the degree of oxyalkylation in the macromonomer and so forth.
Typically, however, from 2 to 98% by weight of the macromonomer and
from 2 to 98% by weight of the comonomer (s) (the total being 100%)
may be utilized. Ethylenically unsaturated comonomers which do not
contain the aforementioned carboxylic acid-based groups, such as,
for example, vinyl aromatics (e.g., styrene), alkyl esters of
unsaturated carboxylic acids (e.g., methyl methacrylate),

unsaturated sulfonic acids and salts thereof (e.g., vinyl sulfonic
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the chain transfer agent will be present at a concentration of from
about 0.1 to about 5.0 weight percent based on the total weight of
the feed to the reactor. Generally speaking, copolymer number
average molecular weights of from about 1000 to 1,000,000 may be
employed, with the range of from about 5,000 to 100,000 being

especially preferred.

The copolymers are prepared by a process which utilizes as one
of the comonomers an unsaturated macromonomer obtained Dby
oxyalkylation of an initiator molecule such as acrylic acid with an
epoxide such as osgyalkylation of an initiator molecule such as
acrylic acid with an epoxide such as ethylene oxide and/or
propylene oxide using a double metal cyanide complex catalyst. The
unsaturated macromonomer is characterized by having not more than
substantially one initiator molecule of reactive unsaturation-
containing species and not more than about 0.020 meqg/g unsaturation
beyond that of initiator molecule-derived unsaturation. The
macromonomers have a greatly reduced tendency to form gels during
copolymerization as compared to conventionally prepared analogues,

which contain significant levels of polyunsaturated species.

The copolymers of the present invention are prepared by
combining the aforedescribed unsaturated macromonomer (or mixture
of macromonomers) and one or more comonomers in a suitable solvent.

A solvent is presently utilized 1if the macromonomer (s) and
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The copolymerization temperature is not believed to be
particularly critical, with the optimum temperature varying
depending upon the identity and reactivity of the macromonomer and
comonomer (s), the polymerization initiator and solvent, the
molecular weight desired, and so forth. Typically, however,
temperatures in the range of from about 0°'C to about 150°C are

suiltable.

The copolymer preparation may be conduced in batch, semi-
batch, and continuous processes. Following copolymerization, any
relatively volatile unreacted monomers are generally stripped from

the product.

Prior to using the copolymer as a cement additive, the free
carboxylic acid groups and anhydride groups in the copolymer
derived from the comonomer may be fully or partially converted to
the salt form by conventional methods known in the art such as
treatment with base (e.g., caustic) or the like (such methods being

sometimes referred to as “neutralization' or “saponification').

The cements with which the copolymer additives of the
invention may be used are hydraulic cements, meaning cements which,

when made into a paste with water, set and harden as a result of
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macromonomer, the type(s) of alkylene oxide selected for use, the
molecular weight of the copolymer, and the identity and relative
proportions of the comonomer and the unsaturated macromonomer. The
additive quantity to be used in accordance with the invention is
usually in the range of 0.001-10%, preferably 0.01 to 1%, based on
the weight of dry cement. The quantity of water to be used for
setting the cement is not critical; generally weight ratios of
water to cement in the range 0.25:1 to 0.7:1, preferably 0.3:1 to
0.5:1 are satisfactory. Where desired, an aggregate such as
pebbles, gravel, sand, pumice, or fired pearlite or mixtures

thereof may be employed in conventional amounts.

Advantageously, the copolymer additives of this invention,
which function as water reducing agents and/or superplasticizers,

are used in combination with other known cement additives.

Among the optionally employable additional additives are:
conventional hardening accelerators, e.g., metal chlorides such as
calcium chloride and sodium chloride, metal sulfates, such as
sodium sulfate, and organic amines such as triethanol-amine;
ordinary hardening retarders, e.g. alcohols, sugars, starch and
cellulose; reinforcing-steel corrosion inhibitors such as sodium
nitrate and calcium nitrite; other water reducing agents such as
ligninsulfonic acid salts, as well as salts of oxycarboxylic acid
and formalin condensates of naphthalenesulfonic acid; air
entrainers; other super plasticizers; shrinkage reducing agents;

strength enhancers such as triisopropylamine; antifoaming agents
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to the dry cement prior to or after grinding.

The concrete and the like incorporating the copolymer additive
according to the invention may be applied in conventional ways.
For example, it may be trowelled, filled in forms, applied by
spraying, or injected by means of a caulking gun. Hardening or
curing of the concrete and the like may be by any of the air
drying, wet air, water and assisted (steam, autoclave, etc.) curing
techniques. If desired, two or more such techniques may be
combined. The respective curing conditions may be the same as in

the past.

Initiators having not more than one carboxylic acid group per
molecule are those where the predominant population of molecules
contains but one or no carboxylic acid groups. Examples of such
initiators are hydroxypropylmethacrylate and methacrylic acid. It
would not depart from the spirit of the invention to add minor
quantities, 1i.e. less than 50 mol percent of an unsaturated
dicarboxylic acid or related compound such as maleic acid, maleic
anhydride, fumaric acid, itaconic acid, 1,4-butynedioic acid, orx

the like.

The following Examples illustrate the invention:
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Example 1

A one-liter stirred reactor 1s charged with 105.8 g
hydroxypropylmethacrylate, 0.1485 g of a DMC catalyst prepared as
disclosed in U.S. Patent 5,545,601, and 0.42 g benzoquinone. The
mixture is heated to 100°C with stirring, evacuated, and propylene
oxide (29 g) fed to the reactor. The initial pressure of the
reactor is 82.7kPa (12 psig). After 20 minutes, the reactor
pressure drops to -6.89%kPa (-1.0 psig) and additional propylene
oxide is fed continuously at 6.5 g/min until a total of 645 g has
been added. The reactor temperature 1s maintained at 100°C
throughout this process. After propylene oxide addition 1is
complete, the mixture is held at 100°C until a constant pressure is
observed. Residual unreacted monomer is then stripped under vacuum
at 80°C from the product. The resulting product (725 g) is very
slightly vyellow with a low wviscosity of 0.134 Pa.s (134 cps)
(25°C) . It has a hydroxyl number of 56.6 mg KXOH/g and an
unsaturation of 0.0092 meq/g. GPC gives a number average weight of
1037 and a polydispersity (Mw/Mn) of 1.04. NMR shows it contains
substantially 15 PO units per methacrylate unit. The proposed

structure is consistent with NMR and IR results.

Comparative Example Cl

A procedure similar to that disclosed by Japanese Kokai H5-
209052 (1993) 1is used to prepare a ca. 1000 Da molecular weight
product, except that a low molecular weight starter is used instead
of a much higher weight polyoxypropylated oligomeric starter. To
a one liter stirred reactor is added 70 g hydroxypropylmethacrylate
and 0.269 g of a t-butanol complexed double metal cyanide catalyst

prepared as disclosed in U.s. Patent 5,470,813. In
contradistinction to the subject invention, no vinyl polymerization
inhibitor is added. The reaction mixture is vacuum stripped with
nitrogen flushing for eight minutes, and the reactor heated to
130°C while stirring. Propylene oxide in the amount of 14 g is fed
to the reactor, and the reactor pressure reaches 5;.8kPa (7.8
psig). After 7 minutes, the catalyst is observed to be activated
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due to an observed pressure drop, and significant exothermic

reaction is observed. Propylene oxide is then fed to the reactor
at a rate of 3.0 g/min until a total of 430 g is added. The
mixture is then held at 130°'C until constant pressure is observed.
Residual unreacted propylene oxide is stripped under vacuum at
130°C. The product has a viscosity of 2.82 Pa.s (2820 cps) at 25°C
despite having a molecular weight of only about 1000 Da. The
viscosity may be compared to the very similar product of the
preceding example which had a viscosity of only 0.134 Pa.s (134
cps), less than one-twentieth the viscosity of the comparative
product. However, the material hardens in the collecting bottle

and no further analysis is performed.

Example 2

A one-liter stirred reactor is charged with 136.4 g product
from Example 1, 0.02 g DMC catalyst, and 0.40 g benzoguinone. The
mixture is heated to 100°C with stirring, and stripped under vacuum
with nitrogen sparging. After stripping, propylene oxide (25 g) is
fed to the reactor. The initial pressure of the reactor is
110.3kPa (16 psig). After 22 minutes, the reactor pressure drops
to 4.8kPa (0.7 psig) and additional propylene oxide is fed to the
reactor continuously at 6.5 g/min until a total of 131 g has been
added. The reaction mixture is then cooked to constant pressure.
To the reactor, 28 g acetonitrile is added and PO feeding to the
reactor continued at a rate of 6.5 g/min to a total of 660 g. The
reactor temperature is maintained at 100°C throughout this process.
After propylene oxide addition is complete, the mixture is held at
100°C until a constant pressure is observed. Residual unreacted
monomer and acetonitrile are then stripped under vacuum at 60°C
from the product. The resulting product, in the amount of 7540 g,
has a viscosity of 4.1 Pa.s (4,010 cps) (25°C), a hydroxyl number
of 10.4 mg KOH/g, and an unsaturation of 0.0044 meqg/g. GPC gives
a number average molecular weight of 6933 and a polydispersity
(Mw/Mn) of 1.26, despite the high molecular weight. NMR shows it

contains substantially 92 PO units per methacrylate unit. The
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proposed structure is consistent with NMR and IR results.

Example 3

A one-liter stirred reactor is charged with 100 g product from
Example 1, 0.04 g DMC catalyst, 0.3 g benzoquinone and 200 g
toluene. The mixture is heated to 100°C with stirring. Propylene
oxide (39 g) is fed to the reactor. The initial pressure of the
reactor is 103.4kPa (15 psig). After 17 minutes, the reactor
pressure drops to 9.7kPa (1.4 psig) and additional propylene oxide
is fed to the reactor continuously at 4 g/min to a total of 100 g.
Then, the reaction temperature ig increased to 130°C while PO
feeding is maintained at 4 g/min throughout this temperature
ramping. After a total of 500 g propylene oxide is added, the
mixture is held at 130°C until a constant pressure is observed.
Residual unreacted monomer and toluene are then stripped under
vacuum at 60°C from the product. The resulting product, in the
amount of 737 g, has a viscosity of 0.9 Pa.s (925 cps) (25°C), and
contains 12% of toluene. It has a hydroxyl number of 8.4 mg KOH/g
and an unsaturation of 0.0073 meq/g. GPC gives a number average
weight of 4853 and a polydispersity (Mw/Mn) of 2.43. The proposed

structure is consistent with NMR and IR results.

Example 4

To a 12-o0z reaction bottle, 100 g styrene, 100 g distilled
water, 8 g product from Example 1, 1 g tricalcium phosphate, 0.8
benzoyl peroxide, 0.1 g-t-butyl perbenzoate, 0.6 ml sodium
bisulfate (0.3% ag.) and 1 ml Nacconol (1%) are added. The bottle
is capped and tumbled end-over-end in a bottle polymerizer at 90°C
for 12 hours. The mixture in the bottle is acidified to pH 1.5 and
washed with water. The polystyrene bead product is separated and
alir-dried. The beads are hot-molded and show a better impact

strength than regular polystyrene.

Example 5

This example demonstrates the preparation of an unsaturated
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macromonomer where hydroxypropylacrylate is used as the initiator
molecule and a mixture of propylene oxide and ethylene oxide (50/50
molar ratio) is used during oxyalkylation. A 7.6 litre (2 gallon)
stirred reactor was charged with 100 g hydroxypropylacrylate,
0.57 g of DMC catalyst (prepared as described in U.S.
Pat. No.5,545,601), 700 g toluene and 0.50 g benzoquinone. The
mixture was stripped under vacuum with nitrogen sparging at room
temperature for 15 minutes. The mixture was then heated to 130°'C
while Dbeing stirred. Propylene oxide (containing 20.2%
hydroxypropylacrylate) was then fed to the reactor at 14.3 g/min to
a total of 2725 g while ethylene oxide was being fed to the reactor
at 12 g/min to a total of 2175 g. The reactor temperature was
maintained at 130°'C during the addition of the alkylene oxides.
Once alkylene oxide addition was completed, the mixture was held at
130°C until a constant pressure was observed. Residual unreacted
alkylene oxide and toluene were then stripped under vacuum at 130°C
from the reaction product. The unsaturated macromonomer thus
obtained had a hydroxy number of 56.3 mg KOH/g. Gel permeation
chromatography confirmed that the macromonomer had a number average
molecular weight of 1073 and a polydispersity (Mw/Mn) of 1.38. NMR
and IR analyses confirmed that the product had the desired well-

defined structure.

Example 6

This example demonstrates the preparation of an unsaturated
macromonomer where hydroxypropylacrylate is used as the initiator
molecule and a 70/30 molar ratio of ethylene oxide and propylene
oxide is utilized during oxyalkylation.

A 7.6 litre (2 gallon) stirred reactor was charged with 130 g
hydroxypropylacrylate, 0.8 g DMC catalyst (prepared as described in
U.S. Pat. No. 5,545,601), 0.5 g benzoguinone, 4g BHT and 700 g
toluene. The reaction mixture is stripped at room temperature for
15 minutes to remove oxygen and then heated with stirring to 130°C.
Propylene oxide (120 g) was then fed to the reactor. The pressure

within the reactor was initially 137.9kPa (20 psig), but dropped to
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88.3kPa (12.8 psig) after 2 minutes. Additional propylene oxide
was fed to the reactor continuously at 6.5 g/min to a total of
1161 g and at the same time ethylene oxide was fed to the reactor
continuously at 15 g/min to a total of 2709 g. After addition was
completed, the reaction mixture was held at 130'C until a constant
pressure was observed. Residual unreacted alkylene oxide and
toluene were then stripped under vacuum at 130°C from the product.
The product (3990 g) had a viscosity of 2.7 Pa.s (2745 cps) and had
a structure, according to NMR and IR analyses, consistent with that

of the desired well defined unsaturated macromonomer.

Example 7

This example demonstrates the synthesis of an unsaturated
macromonomer prepared using hydroxypropylmethacrylate as the
initiator molecule and a 50/50 molar ratio of ethylene oxide and
propylene oxide.

A one liter stirred reactor was charged with 230.7 g
hydroxypropylmethacrylate, 0.5 g DMC catalyst (prepared in
accordance with U.S. Pat. No. 5,545,601), 0.6 g benzoguinone, and

0.4 g BHT. The mixture was vacuum stripped at 100°'C for 5 minutes

to remove oxygen before introducing 40g propylene oxide. The
pressure within the reactor was initially 158kPa (23 psia), but
dropped to 8.96kPa (1.3 psia) after 8 minutes. Additional

propylene oxide was fed to the reactor continuously at 2.5g/min to
a total of 285 g and at the same time ethylene oxide was fed to the
reactor continuously at 2.5 g/min to a total of 252 g. After
addition was completed, the reaction mixture was held at 100°C
until a constant pressure was oObserved. Residual wunreacted
alkylene oxide and toluene were then stripped from the product
under vacuum at 100°C. The resulting product (766g) had a
viscosity of 0.05 Pa.s (46 cps), a number average molecular weight
(by GPC) of 552, and a polydispersity of 1.13. NMR and IR analysis
confirmed the product had the desired well-defined unsaturated

macromonomeyr structure.
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Example 8
This example demonstrates the copolymerization of an

unsaturated macromonomer prepared using the procedure described in
Example 5 where hydroxypropylacrylate i1s the initiator molecule,
the macromonomer number average molecular weight is about 2000, and
a 50/50 wt/wt mixture of ethylene oxide and propylene oxide is
employed to oxyalkylate the initiator molecule. A mixture
consisting of 80 g (0.04 equiv.) unsaturated macromonomer, 16.7 g
(0.23 mol) acrylic acid, 0.97 g azobis(isobutyronitrile) and 0.76
g mercaptoacetic acid was charged to a 250 mL round bottom flask
equipped with a mechanical stirrer, condenser and thermocontroller.
The mixture was heated for 60 min at 85°'C. The resulting copolymer
was a clear, viscous liquid having a number average molecular
weight of 10,000 and a weight average molecular weight of 35,000.
The copolymer is expected to have utility as a water reducer and/or

superplasticizer in cement, concrete and mortar compositions.

Example 9

Water (60 g) was charged to a 250 mL round bottom flask and
heated to 70°C. A mixture containing 61.2 g (0.061 equiv.)
unsaturated macromonomer, 21.8 g (0.30 mol) acrylic acid, 0.77 g
azobig (isobutyronitrile), and 1.78 g mercaptoacetic acid was added
dropwise to the flask over 140 minutes. The unsaturated
macromonomer had been prepared in accordance with the procedures of
Example 5 using a 50/50 wt/wt mixture of ethylene oxide and
propylene oxide to oxyalkylate the initiator molecule to a number
average molecular weight of about 1000. At the end of the
addition, the mixture was heated to 85°'C for 30 minutes. The
resulting water-soluble copolymer had a number average molecular
weight of 4700 and a weight average molecular weight of 14,600 and
may be utilized to increase the fluidity of a freshly mixed cement

or concrete composition.

Example 10

An unsaturated macromonomer was prepared in accordance with
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the procedures of Example 7 using hydroxypropylmethacrylate as the
initiator molecule and a 50/50 wt/wt mixture of ethylene oxide and
propylene oxide to oxyalkylate the hydroxypropylmethacrylate to a
number average molecular weight of about 500. The unsaturated
macromonomer (40 g; 0.08 equiv.) was dissolved in 60 g water and
mixed with 4.92 g (0.068 mol) acrylic acid, 0.59 g
azobis (isobutyronitrile), and 1.11 g mercaptoacetic acid. The
mixture was heated for 30 minutes at 70°C. The resulting copolymer
had a number average molecular weight of 3300, a weight average
molecular weight of 21,000, and may be used as a water reducer

additive in cement, concrete or mortar compositions.

Comparative Example C2

A commercial sample of a polyether acrylate made by
esterification of acrylic acid with a 400 molecular weight
poly(ethylene glycol) was obtained. The polyether acrylate was
comprised of about 80% of the mono-acrylate ester and about 20% of
the diacrylate ester of the poly(ethylene glycol). A solution of
70 g (0.15 equiv.) of the polyether acrylate, 25.0 g (0.35 mol)
acrylic acid, 1.35 g azobis(isobutyronitrile), and 1.35 g
mercaptoacetic acid were added dropwise to 40 g water at 85°C.
After 10 minutes, the reaction mixture gelled. The
copolymerization was repeated at 60'C with all the reaction
components mixed initially in the reactor. This product also

gelled and could not be further used.
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CLATIMS:

1. A hydroxyl-functional and unsaturation-functional
polyoxyalkylene polyether having (a) not more than one
initiator molecule per molecule of polyether and (b) not more
than 0.020 meqg/g unsaturation beyond that of the initiator-
molecule derived unsaturation prepared by:

a) selecting an initiator molecule having a number
average molecular weight below 500 Da, at least one site
of carbon-carbon unsaturation, and at least one functional
group which is oxyalkylatable by alkylene oxide in the
presence of a double metal cyanide complex catalyst
wherein said initiator molecule has not more than one free
carboxylic acid group;

b) oxyalkylating said initiator molecule with one or
more alkylene oxides 1in the presence of an effective
amount of a double metal cyanide complex catalyst and
under conditions effective to form such a polyoxyalkylene
polyether; and

c) recovering a hydroxyl- and unsaturation-
functional polyoxyalkylene polyether having (a) not more
than one initiator molecule per molecule of polyether and
(b) not more than 0.020 meg/g unsaturation beyond that of

initiator-molecule derived unsaturation.

2. A polyoxyalkylene polyether according to Claim 1
wherein the initiator molecule has a molecular weight of less

than 300 Da.

3. A polyoxyalkylene polyether according to Claim 1 or
2 wherein the initiator molecule comprises a monounsaturated
monocarboxylic acid or a hydroxyester thereof or an anhydride

thereof.
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4. A polyoxyalkylene polyether according to Claim 3
wherein the hydroxyester comprises a hydroxyalkylacrylate ox
hydroxyalkylmethacrylate, preferably hydroxyethylmethacrylate,
hydroxyethylacrylate, hydroxypropylmethacrylate, or
hydroxypropylacrylate.

5. A polyoxyalkylene polyether according to Claim 3

wherein the acid comprises acrylic acid or methacrylic acid.

6. A polyoxyalkylene polyether according to any
preceding Claim selected from the group consisting of ethylene

oxide, propylene oxide, and mixtures thereof.

7. A polyoxyalkylene polyether according to any
preceding Claim of the formula
R(-X-{- (R®-0), -H},),

wherein o i1s 1, n is an integer whose average value is such
that the product n x o is from 10 to about 500, R’ is alkylene
or

0

I
substituted alkylene, X is C-O0 and R is a C, to C;, hydrocarbon

contalning one site of ethylenic unsaturation.

8. A polyoxyalkylene polyether according to any
preceding Claim which has a polydispersity from 1.0 to 1.5.

9. A polyoxyalkylene polyether according to any
preceding Claim which contains 1less than 0.010 meq/g
unsaturation other than said initiator molecule-derived

unsaturation.

10. A polyoxyalkylene polyether according to any
preceding Claim wherein the polyether has a molecular weight

greater than 2000 Da, preferably greater than 4000 Da and most
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preferably greater than 8000 Da.

11. A process for the preparation of a polyoxyalkylene
polyether according to any preceding Claim which process
comprises:

a) selecting an initiator molecule having a number
average molecular weight below 500 Da, at least one site
of carbon-carbon unsaturation, and at least one functional
group which is oxyalkylatable by alkylene oxide in the
presence of a double metal c¢yanide complex catalyst
wherein said initiator molecule has not more than one free
carboxylic acid group;

b) oxyalkylating said initiator molecule with one or
more alkylene oxides in the presence of an effective
amount of a double metal cyanide complex catalyst and
under conditions effective to form such a polyoxyalkylene
polyether; and

c) recovering a hydroxyl- and wunsaturation-
functional polyoxyalkylene polyether having (a) not more
than one initiator molecule per molecule of polyether and
(b) not more than 0.020 meqg/g unsaturation beyond that of

initiator-molecule derived unsaturation.

12. A process according to Claim 11 wherein the
oxyalkylation is effected in the presence of one or more vinyl

polymerisation inhibitors.

13. A process according to Claim 12 wherein said

inhibitor is one which functions in the absence of oxygen.

14. A process according to Claims 12 or 13 wherein said
inhibitor is present in an amount from 0.01 to 5 weight
percent, preferably from 0.05 to 1.0 weight percent, based on

the weight of said initiator molecule.
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15. A process according to any of Claims 12 to 14 wherein

said inhibitor comprises 1, 4-benzoguinone.

16. A process according to any of Claims 11 to 15 wherein
the oxyalkylation is effected at a temperature below 90°C,

preferably below 80°C.

17. A process according to any of Claims 11 to 16 wherein
at least a portion of said oxyalkylation takes place in an

aprotic solvent.

18. A process according to any of Claims 11 to 17 wherein

the polyether is as defined in any of Claims 1 to 10.

19. A copolymer obtained by copolymerising a
polyoxyalkylene polyether according to any of Claims 1 to 10 or
prepared according to any of Claims 11 to 18 with an

ethylenically unsaturated comonomer.

20. A copolymer according to Claim 19 wherein the
comonomer comprises at least one carboxylic acid-based group
selected from free carboxylic acids, carboxylic acid salts,
hydroxyalkyl ester of carboxylic acids and carboxylic acid

anhydrides.

21. A copolymer according to Claim 20 wherein the
polyoxyalkylene polyether 1is represented by the following
formula:

T
r-c-0! (R*-0-),H

wherein n is an integer whose average value is from about 5 to
100, R? is alkylene or substituted alkylene, and R is a C,-Cj

hydrocarbon containing one site of ethylenic unsaturation.
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wherein X and Y are the same or different and are selected
from hydrogen, methyl, or a moiety represented by the formula
(-CH,-),CO,M* where m is an integer of 0 to 2, or X together with
-CO,M' forms an anhydride ring, Z is selected from hydrogen,
alkali metal, alkaline earth metal, ammonium, alkyl ammonium or

hydroxyalkyl.

23. A copolymer according to any of Claims 20, 21 or 22
wherein the comonomer is selected from the group consisting of
acrylic acid, methacrylic acid, maleic acid, fumaric acid, and

salts and mixtures thereof.

24, A copolymer according to any of Claims 20 to 23 which
has a member average molecular weight from 5000 to
100 000.

25. A process for preparing a copolymer according to any
of Claims 20 to 24, which process comprises copolymerising a
polyoxyalkylene polyether according to any of Claims 1 to 10

with an ethylenically unsaturated comonomer.

26. A process according to Claim 25 wherein the polyether

and/or the comonomer are as defined in any of Claims 20 to 24.

27. A cement composition comprised of cement and from
0.001 to 10% by weight based on the weight of cement of a
copolymer according to any of Claims 20 to 24 or prepared in

accordance with Claims 25 or 26.

28. A concrete composition comprised of cement, aggregate
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29. A method of increasing the fluidity of a hydraulic
cement composition comprising adding from 0.001 to 10 percent
by weight, based on the weight of dry cement, of a copolymer
according to any of Claims 20 to 24 or prepared in accordance
with Claims 25 to 26.

30. A polymer polyol prepared by:

a) selecting one or more hydroxyl-functional base
polyol (s) having a nominal functionality of 2 or more in the
aggregate;

b) adding to said hydroxyl-functional base polyol(s) an
effective stabilizing amount of one or more polyethers selected
from:

b)i) a polyether according to any of Claims 1 to 10
or prepared according to any of Claims 11 to 18;

b)ii) a preformed stabilizer prepared by the
polymerization of one or more vinyl monomers in the presence of
a polyether according to any of Claims 1 to 10 or prepared
according to any of Claims 11 to 18; or

b)iii) mixtures therecf; and

c) polymerizing one or more vinyl monomers in situ in
said base polyol(s) in the presence of said polyether to
prepare a stable, low viscosity wvinyl polymer dispersion
containing from 10 weight percent to 70 weight percent vinyl

polymer solids.

31. A process for preparing a polymer polyol, which
process comprises:

a) selecting one or more hydroxyl-functional base
polyol (s) having a nominal functionality of 2 or more in the
aggregate;

b) adding to said hydroxyl-functional base polyol(s) an
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effective stabilizing amount of one or more polyethers selected
from:

b)i) a polyether according to any of Claims 1 to 10
or prepared according to any of Claims 11 to 18;

b)ii) a preformed stabilizer prepared by the
polymerization of one or more vinyl monomers in the presence of
a polyether according to any of Claims 1 to 10 or prepared
according to any of Claims 11 to 18; or

b)iii) mixtures thereof; and

c) polymerizing one or more vinyl monomers in situ in

said base polyol(s) 1in the presence of said polyether to
prepare a stable, 1low viscosity vinyl polymer dispersion
containing from 10 weight percent to 70 weight percent vinyl

polymer solids.

32. The use of a polyoxyalkylene polyether according to
any of Claims 1 to 10 or prepared according to any of Claims 11

to 18 as a polymer polyol stabiliser or preformed precursor.

33. The use of a copolymer according to any of Claims 19
to 24 or prepared according to any of Claims 25 to 27 as a

cement cor concrete additive.



