WO 98/ 52689PCT/ EP98/ 02098 1 PROCESS FOR RAPFD ACTt VATI ON OF DOUBLE METAL
CYANI DE CATALYSTS 5FI ELD OF THE | NVENTI wnvention relates to
doubl e nmetal cyanide (DMC) catal ysts. | ﬂmum“wm@m“\mt he invention rel ates
to a process for stripping polyol starter xtures of a polyol starter
and a DMC catal yst to prepare them for use .in'8h”epoxi-de-pol ymeri zati on
reaction. higpsspsesd Stripping results in rapid 10catal yst aatrpeas/ozoss and/ or
i mproved pol yol s and pol yur et hanes. BACKGROUND OF THE | NVENTI ON

Doubl e netal cyanide (DMC) conpl exes are wel |l -known catal ysts for epoxide
pol ymeri zati on and synthesis of polyether polyols. The catal ysts were

di scovered in the 1960s (see, e.g., WS Pat. Nos. 15 3,278,459 and
3,829,505). Recent inprovenents have made DMC catal yst's nuch nore
attractive forprepEss FaR RARDACEYVATIDNORSODSLEPMETALS cadipee- 9- . U. S
Pat. Nos. 5,158,922, 5,426,081, 5, {ArALystand 5, 482,908). Conpared with
conventional KOH catal ysts, DMC catal ysts give fast epoxide

pol ymeri zations, so cycle times for polyol manufacture 20 can be reduced.

I n addi tison, DMC catal ysts gi ‘#‘?EHE‘beF%N\)%@ﬂ t her polyol products that
have | ow unsaturation, narrow nolecul ar wel ght distribution, and | ow

Vi scosity. i t (o Tal i ‘ax_j%ﬁ ges, even the
best DMC cat al yst ﬁ%%@g%%%%%%a@%@lé E'(()ert égggfr}%%ag%C I gﬁ%ﬁﬁowc 25
cat al yst s nuspantioulan ltheyinbentact reize =t defozess fonetripping plely clastaters afded

conti nuously t he reactor. ual |y, polyol . starter.,and.a DMC cat al yst
are conbined iR st E3olyRlipret i Aol BRI ettt 1A G
proportion of arppokide. poiahedizationaebchicd.i mprosed sfrippiredrdsuttaim ralyi@p i n

epoxi de1 artial, pressure in tpe,react Br. Ai&t%/cﬁi cal rﬁeg}]?oxi de/starter charges
300f 5- 18 wt . S5ty S AN APFIRE MPIRYEF Rely Ol aihROW IR 3NSFui red for a 50%
SUBSTI TUTE SHEET (RULE 26) 2 decrease in epoxide partial pressure) can
range from several mnutes to several hours. IP_((r)EE\gréi njtiation times increase

cycle tinme, which underpu?éct"?%RQémBr@FcTﬁg\)ﬁl O faster _
pol ymeri zations. |poggldiddiaioyaifal {OMC) BSmpRYaS %At wbfknawR'@tanged period

at high tenperature can reduce its activity 5or deactivate it conpletely.
Initiation tifRs eraxidse pplymereatioy ansd syatbepg efppRlyades rrlysis.r aThen.

However, high Wakd | e i cgent naks ap geneegate U ntrol | ed

exot herms: a ;E)éottag}r%tél g{'gr%a@g%ﬂy\gﬁ%cggﬁd&{éTérgr.%gér)g?%‘%eeégbuUra'§i oFﬁasF' (r:l\go%. al so

gggat! vﬁfyd! MBRTB,458 wod 3829,505). ( Recenthimpinevements dwaviey masiecoBMS ol ecul ar
wei is | r . r r uces

it ation' t; B E0Eh oS aRRRY B Bl HRRAHS sEhFRefBh e

mar gi nal 'y wi poigals (sewieng., &8ePat Ndd. &C158,820, f43M08UAKT0B13, and In sum

process woul dopg2 S Fofaprl et conERiona BEBEReRDat DA BN avai | abl o

equi prent andgiveFatt poxid® gulghernzaibngl 6 epce timesdoopdigs! mahyfattur@ker s t hat

use DMC _catal ysts nore control over |§%é;&g%n.of epoxi meri zations.

: e pol
A val uatfi’e pr G288 rGeiged. aldk addiken. giyq Ri ‘QH??'B’%B?'V $BEr 1 han

hours) “and wopbgloPgFddyktsUiat HaveOws LREARRIOROMGRBW AidicdiBaroiveRpPXi des. A
val uabl e process woul d gi ve polyether 20 polyols that have | ow viscosity,

| ow pol ydi spefistribytionrand low \isrsityir ati on. Ideal Iy, the resulting polyols
and coati ngs. | SO G et A EN o s Sufan B SR fhe GRELET 7O
stri ppi ng pol PMC sttalysts bar soingtdrawbacks. For example, uniike KOH, DMC
25 catalysts must normally be activated before the epoxide can be added
continuously to the reactor. Usually, a polyol starter and a DMC catalyst
are combined and heated under vacuum prior to the addition of a small
proportion of epoxide. Catalyst activation is inferred from a drop in
epoxide partial pressure in the reactor. At typical epoxide/starter charges
30 of 5-15 wt.%, initiation times (defined as the time required for a 50%

A
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25 of a polyol starter and a double netal cyanide (DMC) catalyst. In one
process, a polyol starter is first conbined and m xed with a DMC catal yst.
The starter/catalyst mxture is then heated under vacuum under conditions
effective to achieve inproved stripping conpared with that which can be
achi eved t hrough conventional vacuum stripping. Preferred conditions 3

i ncl ude vacuyba/Skdsl ppi Ng whil e sparging the m xture wth aciveresbegas and
vacuum stripping in the presence of an organic. solvent. Alternatively, a
pol yol starter is vacuumstripped in the absence of a catal yst under
conditions effective to achieve inproved stripping, and the starter is
5conbined with a DMC catal yst |ater. 2We surprisingly found that
stripping starters and starter/catal yst m xtures as descri bed above offers

substanti al advadages hepeRldePariRPEssrey edrbrangerfidm severabmarutes focat al yst
m xtures generally activate nore rapidly (wthin mnutes) . xi de

€. rapialy Jn an e
pol ymeri zat i on peye foutsnpbangdnitiation imes Ncrease<yCteliae ?‘CW?B%&C@?% hat is
sinply vacuum sty | ' ' igiYSn aHBiBoRHRGERS tHEakes
start-ups reli a&f‘%g%gf%'{a@t*g?% g%éf%tég%?yﬁ?ﬁ% Wéngl sloof ound ?h_at
pol yol s nade by dataystforapelénged netiod @l diphplesperatuescan mdugaits gchvier
viscosity, lower_pplyvdi i d | ower unsaturation conpared with
pol yol s nad% by A q%%ﬁ‘é%%%(ﬁdé‘b%ﬁ?w&ses conventional vacuum stripping al one.
Finally, we found thdhitiatigor fime rgn beaedecddctat iatrpasingtapopidie tgneentratioan
i nprove properties of pol yurethanes. pade from.the. po
DESCRI PTI ON OF fﬁ%"?WéNﬂ\{?ﬁ\'l”ﬁ'aﬁeP°x’JTea°°”ceﬁ‘ﬁg?'ép’{rl‘o%ag‘séé{%{gﬁehﬁﬁdéﬁ on
conprises heat i ngeaednrd: aSictented] Safety B@sardr tomimsratirg ekcursionscan alswler
vacuum under conditions effectiv [

) . t 0.achi eve i nprove tripping.c ared
with that which w@t%@wé{eﬁ?mcﬁma%ﬁe@ow FVoIERr! 3’6 'é?‘%?%‘ﬁigﬁg.
Pol yol staggers \ﬁé’igh?diélri%‘tﬂ)rf?f INeRERirRrehvongMpeairegiisuedudesthitiatidn H2,
etc.) and are capable of starting epoxi de pol ynerizations. Polyal &5
starters have a timeerHowevesureactioR tepeabids aReo¥ OFBEeRReR MAHNBModuct .
Preferably, the Shalli¢hyiRSadielUDRIctSYRTRGRI GRAIREU! ar wei ght of at |east
about 200 and contal ns oné or nore hydroxyl  end groups. Preferred polyol
starters have averagdnl“gxm,oalylimpm\l@di‘Gﬂﬁl@tﬁcé‘éat??%%ca%a'tyﬁf iseadsd: 8.
Compounds suita olyol It ; khked 4 in
the art. Exanpl gﬂg.%lf%%f: dép{%ﬂr%é%gy é‘?\lga% f\gﬁlk téoq?} é@)‘(éeg\lﬂlggﬁzﬁ(ep%gis'\%bl S,
pol yt et rameshy! ereadity hemilableyerpipnenrandsupbliese i grefersedproceskwayid Aifer

I Tyli | cohol s, d t | i ke, L X1 t ; f
o e e e

, ) ) € i2atibg galua ate nce.
The process of thg@fnvgﬁfji onrl i s val uabl e forpnangti vat i n cachL gurﬁﬁgarter
m xtures in whi cWithiReminuigs atheg thap EPRW?PQ?’%‘M%PFW‘ g:sglo vgl ,

particularly a praRaaabes ofleppkidal colakallamwe pebdesswaute ghve polyether
oxypropyl ene units. These starters are often difficult to actiyvate

ot her wi se. 2010 Ap®lyRipl thakhpva oy ViscosityJrw ROlYqisRarsidy. RgaieYy HNRaUE A ar

wei ght (> 2000) Xy all ; &l eretiidner faafisat es for
maki ng silicone E{?(raﬁgc aeﬁ'tegqltlﬂ/gr%gwo% f%usqieﬁgﬁﬁ?fgg‘géntg@ ave a hydrophobic
si li cone backbonsealantsirelastamers opdhdsivespang e0agssi de chai ns attached by

Si - C bonds. These "conmb" polyners are made by grafting one or nore 15

al koxyl ated allylic al cohols onto a silicone backbone using a transition
met al catal yst. Exanpl es appeaSUMMARS. OPafHE NO¢ENT|GIN5 640, 5, 489,617, and

5,110, 970, the teachipngs.of i ch are incorporat el ce. The
process of the inven!tiﬁlgﬁ "?‘@”%IBGP"E’Br%ctéslsﬁ%%ﬁaﬁﬂﬁﬁgt@é?ﬂgﬂegﬁr@%g e (DMVO)
catal ysts. JBC cgf 8l ysle dikerarellddmamaiiasanide @10) detalyst yireoneat | on
catal ysts. Suitable

catal ysts and net hods of, naking, th [ cri bed,
for exanple, in PXGespa polx@ssta'tﬁsfzf?@ﬁsttswg@? ?@Fm’é?dﬁ@ﬁﬁg?ﬁg?aqﬂ&g@z, 560,
o, 158, 922, 5, 470Tﬁé§ta(:§r/%§%|1y%9ﬁ‘vixtg%‘%s HRACHE ISP uRderWat Glim @héert cumaiitpas at ed
herein by referencé. neral’ly, aqueous sol utions of a netal sglt
(e.g., zinc chl oeffdetjvestochchiavetiaipreveshstrppisaicompared with dhai v pan be
hexacyanocobal tate). ar onmbined Ln. a i ARk exi ng
agent (e.g., gl yﬁﬁ?"ef’ggﬁﬁﬂﬂugblccogﬁé%&{% v%ﬁ:@@'ﬁg%ﬁpaﬂ é?'e(r:':irg{etg%'? eé‘og]@ the DMC
conpl ex. Zinc hexacyanocobaltates are particularly preferred. 5 Any
DMC cat al yst can be activated by the process of the invention, including,
for exanple, the original DMC-glyne catal ysts (see, e.g., U S. Pat. Nos.
3,278,457, 3,829,505, 3,941,849, 4,472,560), newer DMC catal ysts that are

substantially non-crystalline éL%%er'lTL?TQSHEEH'%ULPE”‘EB) Nos.



5 5,470,813 and 5, 482,908), DMC catal ysts that incorporate about 2-80 w. %
of a polyether or other functionalized polyner such as pol yacryl am des
(see, e.g., US. Pat. No. 5,482,908 and Serial No. 08/731, 495).
("Functionalized polyners" contain one or nore functional groups containing
oxygen, nitrogen, sulfur, phosphorus, or hal ogen, wherein the 10 polyner,
or a waterwipdsihés® salt derived fromit, has rel atively gead/ErRes/e093
solubility, i.e., at |least about 3 wt.%of the polynmer or its salt

di ssolves at roomtenperature in water or mxtures of water with a

wat er-m sci bl e organi c solvent.) The process of the invention is suitable
for use with various forns of DMC catal yst®, including powlers, pastes
(see, e.g., 15 Serial No. 08/588, 751), or suspensions (see U S. Pat. No.
4,472,560). The uﬁ’él@&@%c&fm ship ing\vﬁ‘ﬁ\lels@arg]ﬁgltﬂwnmdwlm arcinevtagas dDivC

cat al ysts used in batch, sem - B

atch, and continuous _proce also to
activate catal yMaSudBeSirippingin diasesensa Pt RRPEIUC EB&F%L@?&!‘%Q}%@?@M of
some or all of tﬂb‘i’ycﬁtﬂﬁ%ﬁcsd% g@,llwgy iz #id QbBserdEl be apoatalyst sthdet er or

m xture of starter’ an i's heated and strip gd un%er vacuum
under condi ti onsoafitionsi afteqhueat@ha@vevq ipPEved SrPPiPgi ﬁ‘g AEE" Wi t h t hat

whi ch can b§ ac@oﬁ(ﬁﬂeﬁt)ﬁtﬂ%@w@t@éﬁp& Rf vacuum stripping. |nproved

stri ppi ng conpared w th conventional vacuum stripping can be achi eved in
any desired way. Pr efWersadpmmglpdom thatsstripring canters randystartefeatalyst

conbi ned with vac%l{r)rn%%ﬁl @8 dw%gg %ﬁehgeg}agﬁtghﬁéll L8van¥A5eU §bry|°pp| ng in

t he presence of 3 surprisingly “found
that inproved stmappfadgrers. §irst; ther stakericalalysttroixiures genaralinestivaieedoresul t s

in rapid catal yst t.ion roducti.

The tenperature r&P'qi)h(‘%‘ Ly h‘@”@le? E‘p?rhﬁp?’ggﬁgﬂyﬁne%hw%h%{éégrglgb% %E'fd

Prefer a]hl YEJO h?\/\/g\)é%ﬁ 2 ts'f%?‘te‘i{c’é&%&ﬁtﬁﬂlmﬁepﬁfaﬁ as F&hdpb/évaotltmnrrﬂmpnaat o the h![ n8'(t)tct:e
range of abou o abou a nor referred ran u

to about 150C. THROVENHPRHi WRY-i sﬁﬁ'én o Hé?Fpéf’ m%’&qfc%taﬁ ‘%gsﬂgu?glé?fmggg% t han
760 mm Hg) . Pref fourRr that peigolstmadeaby the proeessir es

| ess t han about @88&{%19 r@e%ﬁ{éefg’ﬂuesdé are resgﬁ?es Lmes ?Qﬁty%npfiogo t 200

mm The pohaus |nmrqu@pr0@aﬁ165em§tu|dmgolewebé\GS?%tYa
catal yst. V& foupney ‘iJéWér uﬁé%‘t’&r’aﬂ n BRpYRsE WithQpBIfeIs nﬁédeswrat;ﬁbaeéwthatrpr oved
stripping 10 offers ster cata yst gCtl vation and better yol.s.

Pr ef er abl y15t he usdsercoaventiamal ofacute strmptrtg glane. edipaly. tWeI @é‘gdtm about

100 ppm nore preferabl y t e lofi S | ess
t han about 50 ppfAP” %‘Pgrs@g?f/g%@k% g ?’gr%@s%@ghﬁgl E{) be érsgc?uced by

ot her met hods knpawuiathédussaadé(frbhetmlpolydie art, including, for exanple, by
15adding in-situ drying agents (e.g., magnesium sul fate, nolecul ar sieves).
Wil e the polyol starter can be stripped before adding the DMC catal yst, it
is generally preferred tcDEJeaglLEUrDEBeFHPﬂ‘IQmiOt@THEeWVEN’HG@bth starter

| yol d DMC cat al yst t d Co le 11
el b i |1 ust rat o, cat Ehy erowesici 4t BenEonEeaPreniER R L FrtaBRt, -

starter anggcat agt%?%rl%ﬁlﬁt eRRilred Wrided vatuHMuBider mondigions effectlmrtong
vacuum st ri ppi ng,

e starter or starter/catal st mxw cg ar?E garged
with an inert gaschievefimpedyey, stipring sampangd v p@?? WHRICaMPS AFRIFY
effective to pr ce a ure that activates rapidly in
an epoxi de pol ynﬂVPE%? céh\?é’n% éﬁgﬂtcehﬁéetp?bmgses are those that CaE}"ﬁ
assist in renoval of Polyatstagteisignntainices ¢rrmmes@%tt\'?éwld€%eé‘lﬁv'§t1p$r( res yet
do not react with the starter or S a nert
gases i ncl ude, fo'?‘He-x%Fﬁélaé‘d HPLAb, 5&‘? W?t%nﬁﬁ%ﬁx?ﬁ@'ﬁh?zgw ¥ lqdgg)rld)lon
di oxi f'le arggon. dirtbek@ha\ﬁilﬁlldv&&dtcﬂ&@,xlamdlgmmlmrtbe desmwractx@parcgtu«tg is i
normal |y performed by injecting the gas at one or_ nor ow t he
surface 300f thePsefgrably, ﬂ%ﬁ@ﬁ?éhaﬁﬁg’ﬁlﬂb@r axﬁfagsr%?'ﬁﬁ@aaﬁéu ?:%%%tnlggéet used
to further 7 di giri,Pybs ért&ec&ﬂélpsm & Rore abaroxt! érhwgrdlmst draseferred

adj usted to produce maxl mum cat al yst activation. Gener ro rate
within the range pofyoabtatIErsma@e]aVBca%HmdthU' iurﬁbﬁ'ﬂt%l%‘e%froﬁb%b%’gf] t‘ha PUber
pound of starter dPrefe L8 iaBENR AR SfarRlrs -FDURYSBR 16 @M by

i nproved stri pp| many factors, 1ncluding, for exanple, the
initial water content of the starter pol on the anount and type of

catal yst, the nature of the starter, and the pol yol product nol ecul ar

wei ght. The particular stripping conditions used are also inportant: the
tenperature, vacuum |l evel, 10 anpunt of inert gas used, and stripping tine
are adjusted to maxi m ze ef fi he starter/catal yst

m xture and/ or produci ng bett?rlfd|t§:"(cjl?ﬁ3./u-f\E gﬁkkﬁéu{%t?g)rter/cat alyst m xtures
prepared by the process of the |nvent| on actlvate nor e rap| dIy |n an.
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and nore predictable when initial activity is high. In addition, because
the starter/catalyst mxture can usually be activated during initial
heating, cycle time is mnimzed. Fast activation also permts a faster
epoxi de feed ranp, |ess accumnul ati on of unreacted epoxide in the reactor,
and a greatly 25 reduced risk of unwanted tenperature excursions. Such

t enper at ur eweg8m81689 oNs contri bute to operational glitches aogrpssmioger oduct
quality. It is generally preferred to activate the starter/catal yst
m xture by inert-gas sparging, but any other nmethod can be used that

provi des a greater degree of stripping than is possible using conventional
vacuum 30stri ppi ng. A second preferred appjoach is to vacuumstrip the

m xture in 8 the presence of an organic solvent. Suitable solvents are

those that assisf tﬁé‘aﬁ?@¥ﬁi}%s"lﬁélﬁaé |tr¢pbe9l=Jﬁé %;iy%%l,fpbﬁl@k%] Igh& GhicBiswi t hout
er o t he cafal

reacting with the start poi soni n st. ‘Suitabl e orgiar_uc
sol vent s i ncl udepolytetramethylsing, eteernglyesly, im@nmlaﬁ@; glyeerah pikoxylates allyHe

propyl ene oxi de) r t . % nat ed
hydr ocar bons, an c?ﬁ%gl igr?(det,h%allr%g' ?nﬁlgfn u"r‘tgt t gte}g'f MQ%@%%%%P f%@t e added
to the starter/ cpdlpblystartensxarer lested) fonexpmpts, om U.BulPat.pNe. p368i%82s ther it

can be intrpduced continuously duri t he i ppLNg process.

Pr ef er abl y,gt he t&?ﬁ'&'ﬂ?%ogwrj\{?brﬁr iulco?;g%rggeedrlle{%fé}ﬁ?ﬂ %fléllgg?é'and reused in the
process. The amount Ofhe 1prozebyent teedinventidrat iswhvatinable ébrf eadtivating o
produce a catal yst/starter m xture that will activate e ragpidly.in an
epoxi de pol yneri Q%tﬁiyéﬁs"ﬁﬁ%rcggétuﬁ‘?ﬁrﬂhr"@ﬂch it 52? ft Br Fﬁggg@%ﬁ%g% ES'JM? es that

are not vacuum Sél&bm,eSa:iﬁeunahfv aproperyatedl alyharbpaNhavisg freenbne G Ever ocess
of the invention conprises po [

) nerl zi ng one qr e 15 oxides in the
presence of the @fPTGRYERNEMNISt %PP%%E@ Eﬁarﬁi&\eﬂﬂf&?‘ﬂt‘ﬁﬁge e SES M Fer
pol yol . Meyjods BN L&Io1P ORIy HighNeholdMuldralaighns (5 2009
descri bed t(1:2er| e{\feRF)§YI n Ufg”g.ﬁe%%%l\ﬁs.nxs, 8@9,_ ?05, 03, 941, 848,, g 158, 922,
5,470, 813, and Sprgoxyaed allylaleabgls, argyvaluablgintermegiates frdPRHPASHIGORRr ei n by
reference. Suita id { ?aé-ﬂ‘é”m iaxhde,
propyl ene oxi de,?%rﬁ%cgﬁﬁébxﬁ%gg?&lsﬁ%rggngeLﬂfjafi e, aaﬁlg ?ﬁgﬁ%bﬁ;ﬁg@%hgtures
t hereof . The pr obaskbooarandemose Hydrophiik golyatkrside chaioslatiashed PirepisC

ff [ i ppi ' « pol yol | i h d
ati ng the ot art cPoR ol Bee B deotBls bl bt B Grarll oo hRpYeoC

pol ydi sper 96ty (ARbx@#Rd 4lylie aldoholsientgha siicene ibackbamg usiagd trensition

i it d with polyol de with tivat|
St arcer) cat al yat Ml cataysh, ERARPF coass B0 nBS NVEERBR B 4900 ei 1y and

| ow pol ydi sper si 4yd "k eofolre, reé iehcitings esf whidhr ace dscarporterh Heareianby
applications. Low unsaturation (low nonol content) neans a polyol with
truer hydroxyl f[ﬁﬂ%ﬂeﬂﬁﬂal ity and 9 polyurethanes with inproved physical
properties (e.g., ten‘?ﬁ%%r&%&s@”&”ﬁe frRahtis £ 19EH, toCANERS BbaBleStictal

Pol yet her pol yols nade by the process of the invention are val uable for
maki ng pol R0r et hayanidedPMC)coatalystys, RMEI aatalystsaare s weld-kngwd c8seiofst oner s
Wi th inproved pr oy Il &agb i dgelR)deaifs, for
exanpl e, have Cegﬁi{@%g@yrg%ﬁé#@?]egag%ﬁt?y%H{tO en %%gﬁtag;s%ishien conpar ed
with foans nade nmiking thehy ates dasdribeddforbgxanhple pinodes sPatf Nose 3idTBetii.on. As

Exanpl e 28 shows fo \ I-GEs. C ) ksh

i ndi cates high qé&ltzgffipsag?“dg%ﬁec%ﬁ?gﬁ%g E%&%%?Fo{ﬁ%%gt%%%% 'eisﬁmerel y
illustrate the i peRRlnganof Whizheakincbasbratedt herear by wefdrenex oddereralisany
variations that are within the _spirit of the.inventiqn and s e_of the

cl ai ms. EXRAfPLESaquacusgsoliiens of al"h%?kﬁ?itcfeﬁ*'r?%‘?}ﬁamﬁ 3@3»[3&?\9&(?%)5@@93;3“ on
L5These exanpl s sfputh BatasdiieRityaRBEsbAIfte) dte GO inhe prédencacuum
stripping is nore e %é Ive than either conventional vacuum stripping or no
stripping at all of an omganiocaripigxing apert (Fe- AlyEgahbey! alaehgl R4 3pr ocess
of the invention_is.well-suited\far At i ng; th j DL grat al ysts
described in thepéﬁ'cﬁ\?%e rgfeylfng?l\é,g t@@ﬁ%oes%%?%ﬁ\zaﬁ#egw ous é}go

conpl exi ng agent paitituldng peefeaedist (gl yme, t-butyl alcohol) and with

pol yet her-contai ning catal ysts. The process al so works with both powder and
paste fornms of the catalyst. Results appear in Table 1. EXAMPLES 13-16

Ef fect of Inproved Stripping on Initial Catalyst Activity
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25 As the results in Table 2 show, stripping under vacuumw th a nitrogen
sparge has a dramatic inpact on initial catalyst activity. The effect is
nearly identical with either a 400 nol. w. diol or 700 nol. w. triol
starter. 10 EXAMPLES 17-27 Effect of Inproved Stripping on Polyol
Properties . These exanpl es show that using an inert gas in

conbi nat i oqh,egﬁ'bg/g}‘s%acuum stripping gives polyols wth inproyegepsdesal
properties conpared with polyols made in a process that uses either

conventional vacuum stripping or no stripping at all. As the results in
Tabl e 3 show, vacuum stripping assisted by a nitrogen sparge results in
faster catalyst initiation, |ower polyol visscosi ty, narrower nolecul ar
wei ght distribution (M/./M), and | ower unsaturation. 10EXAMPLE 28 Effect

2 B Foane oro peaBIPHCH Bl B WsEhBSR B Bttt
Ser. No. 08/544, mfudirg, for éxantpid) etheldtigindl TIMCTHymE Datglyp dssarer S, Bk nade
The' onl'y drf1or cheb NEs+ Aar oy of SR R0 it FPith 4 4Le3e%k: B M) Vs:
mxture that is ¥aeWems it arPeGostantllymonttybailineasyegey. sp&: GatgNpsi or to
That s vacum s6A47806d 2 s D eonabRl LB iRsab R tositerdabes: o o1
pounds per hour gf ?%&l&&ﬂ&bm@ﬂhepmoaenﬁedspaymer sudihas fpziyaonpidmidesom
Pol yol A has foamtorce-to-crush values of 376/236 18% or e¥olegody 3. WO
98/ 52689PCT/ EP98/(02098.91,1 UTapIRaty Nar £e482.868 | 2R oé/%féﬁ StPi p"pﬁﬁ% 'gﬂ&)ﬁ‘at al yst
Activation Ex Capghhsfionafifld Ppolyhets”St EbMEinN@neoBdirhb@nsundtiohal groupst # -
(ppm) starter mNcontaining oxygen, nitrogen, suifur, phosphorus, or halogen, wherein the
10 polymer, or a water-soluble salt derived from it, has relatively good water
solubility, i.e., at least about 3 wt.% of the polymer or its salt dissolves at
room temperature in water or mixtures of water with a water-miscible
organic solvent.) The process of the invention is suitable for use with
various forms of DMC catalysts, including powders, pastes (see, e.g.,
15 Serial No. 08/588,751), or suspensions (see U.S. Pat. No. 4,472,560).
The process of the invention can be used to activate DMC catalysts used
in batch, semi-batch, and continuous processes, and also to activate
catalysts used in processes that involve continuous addition of some or all
of the starter during polymerization.
20 The polyol starter or mixture of starter and DMC catalyst is heated
and stripped under vacuum under conditions effective to achieve improved
stripping compared with that which can be achieved through conventional
vacuum stripping. Improved stripping compared with conventional vacuum
stripping can be achieved in any desired way. Preferred approaches
25 include inert gas sparging combined with vacuum stripping, wiped-film
evaporation, vacuum stripping in the presence of an organic solvent, and
the like. We surprisingly found that improved stripping of starters and
starter/catalyst mixtures results in rapid catalyst activation and production

of high-quality polyols.
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The temperature at which the stripping is performed is not critical.
Preferably, however, the stripping is performed at a temperature within the
range of about 60°C to about 200°C; a more preferred range is from about
80°C to about 150°C. The stripping is performed at reduced pressure (less
5 than 760 mm Hg). Preferably, the stripping is performed at reactor
pressures less than about 300 mm; more preferred are pressures less
than about 200 mm.
The polyol starter can be stripped before adding the DMC catalyst.
We found that reducing the water content of starters by improved stripping
10 offers faster catalyst activation and better polyols. Preferably, the water
content of the starter is reduced to less than about 100 ppm; more
preferably, the water content of the stripped starter is less than about 50
ppm. Water content of polyol starters can also be reduced by other
methods known to those skilled in the art, including, for example, by
15 adding in-situ drying agents (e.g., magnesium sulfate, molecular sieves). |
While the polyol starter can be stripped before adding the DMC
catalyst, it is generally preferred to perform the stripping step with both
starter polyol and DMC catalyst present. As Example 10 and Comparative
Example 11 below illustrate, catalyst activation is usually much faster if
20 both starter and catalyst are present during vacuum stripping.
During vacuum stripping, the starter or starter/catalyst mixture can
be sparged with an inert gas. Preferably, the sparging is performed in a
manner effective to produce a starter/catalyst mixture that activates rapidly
in an epoxide polymerization. Suitable inert gases are those that can
25 assist in removal of volatile impurities from starter/catalyst mixtures yet do
not react with the starter or poison the DMC catalyst. Suitable inert gases
include, for example, nitrogen, air (preferably dry air), carbon dioxide,
argon, helium, and the like, and mixtures thereof. Sparging is normally
performed by injecting the gas at one or more locations below the surface

30 of the starter/catalyst mixture. An aerating device can be used to further
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distribute the gas. The flow rate of the inert gas is adjusted to produce
maximum catalyst activation. Generally, a flow rate within the range of
about 0.001 to about 0.1 pounds of gas per hour per pound of starter is
preferred.

5 The degree of improvement conferred by improved stripping
depends on many factors, including, for example, the initial water content
of the starter polyol, the amount and type of catalyst, the nature of the
starter, and the polyol product molecular weight.  The particular stripping
conditions used are also important: the temperature, vacuum level,

10 amount of inert gas used, and stripping time are adjusted to maximize
efficiency in activating the starter/catalyst mixture and/or producing better
polyols. _

Starter/catalyst mixtures prepared by the process of the invention
activate more rapidly in an epoxide polymerization process compared with

15 starter/catalyst mixtures that are merely vacuum stripped in the
conventional way. In fact, as the Examples in Tables 1-3 demonstrate, the
catalysts have initial activities that are typically 5 to 20 times greater
(compare the initial K, values in Table 2) and initiation times that are
usually 2 or 3 times shorter (see Tables 1 and 3).

20 Rapid activation has added advantages. Catalyst initiation is safer
and more predictable when initial activity is high. In addition, because the
starter/catalyst mixture can usually be activated during initial heating, cycle
time is minimized. Fast activation also permits a faster epoxide feed ramp,
less accumulation of unreacted epoxide in the reactor, and a greatly

25 reduced risk of unwanted temperature excursions. Such temperature
excursions contribute to operational glitches and poor product quality.'

It is generally preferred to activate the starter/catalyst mixture by
inert-gas sparging, but any other method can be used that provides a
greater degree of stripping than is possible using conventional vacuum

30 stripping. A second preferred approach is to vacuum strip the mixture in
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>80 10 D 113 700 vacuum nitrogen 30 Cl11 D 113 700 vacuuni nitrogen' 105
Cl2 D 113 700 vacuumonly 65 'Zi nc hexacyanocoba tate catal ysts: A =
t-butyl al cohol conplex, paste, (30% solids), prepared as in Serial No.
08/ 588, 751. B = glynme conpl ex, powder, prepared as in U S. Pat. No.
5,158,922. C = t-butyl alcohol/ 1K poly(P0O) diol conplex, prepared as in

U S. Pat o% 908. D = t-butyl al cohol conpl ex, ovvde d
o p as in
U S. Pat. é%o 813. 2 Concentration in polyol starter 01;1,91219%@0 o

wei ght basis. 3 Both catalyst and starter are stripped under vacuum at
130C. 4 Time needed for a 50%drop in initial pressure. 5 Starter only is
stri pped. 8

the presence of an organic solvent. Suitable solvents are those that assist
in removing volatile impurities from the mixture without reacting with the
starter or poisoning the catalyst. Suitable organic solvents include, for
example, ethers (including tetrahydrofuran and propylene oxide), esters,
5 ketones, alcohols, hydrocarbons, halogenated hydrocarbons, and the like,
and mixtures thereof. The solvent can be added to the starter/catalyst
mixture in one portion, multiple portions, or it can be introduced
continuously during the vacuum stripping process. Preferably, the organic
solvent is recovered, purified, and reused in the process. The amount of
10 solvent used is that which is effective to produce a catalyst/starter mixture
that will activate more rapidly in an epoxide polymerization process
compared with starter/catalyst mixtures that are not vacuum stripped in the

presence of an organic solvent.
One process of the invention comprises polymerizing one or more
15 epoxides in the presence of the stripped starter/catalyst mixture to make
a polyether polyol. Methods for making epoxide polymers using DMC
catalysts are described completely in U.S. Pat. Nos. 3,829,505, 3,941,849,
5,158,922, 5,470,813, and 5,482,908, the teachings of which are
incorporated herein by reference. Suitable epoxides include, for example,
20 ethylene oxide, propylene oxide, butene oxides, styrene oxide, and the
like, and mixtures therecf. The process can be used to make random or

block copolymers.

Effective stripping improves polyol quality. Polyether polyols
produced using the starter/catalyst mixtures have lower unsaturation, lower
25 polydispersity (narrower molecular weight distribution), and lower viscosity
compared with polyols made without activating the starter/catalyst mixture
by the process of the invention. Low viscosity and low polydispersity make
the polyol easier to process in downstream applications. Low unsaturation

(low monol content) means a polyol with truer hydroxyl functionality and
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polyurethanes with improved physical properties (e.g., tensile strength, tear
strength, compression set).

Polyether polyols made by the process of the invention are valuable

for making polyurethane foams, coatings, sealants, adhesives, and

5 elastomers with improved properties. Molded flexible foams made from

the polyols, for example, have cells that are more easily broken open by

crushing compared with foams made using polyols not made by the

process of the invention. As Example 28 shows, the foams have reduced
force-to-crush ratios, which indicates high quality and good comfort.

10 The following examples merely illustrate the invention. Those

skilled in the art will recognize many variations that are within the spirit of

the invention and scope of the claims.

EXAMPLES 1-12
Effect of Improved Stripping on Catalyst Activation
15 These examples show that using an inert gas in combination with
vacuum stripping is more effective than either conventional vacuum
stripping or no stripping at all for activating double metal cyanide catalysts.
The process of the invention is well-suited for activating the variety of DMC
catalysts described in the art. For example, the process works with various
20 complexing agents in the catalyst (glyme, t-butyl alcohol) and with
polyether-containing catalysts. The process also works with both powder

and paste forms of the catalyst. Results appear in Table 1.

EXAMPLES 13-16
Effect of Improved Stripping on Initial Catalyst Activity
25 As the results in Table 2 show, stripping under vacuum with a
nitrogen sparge has a dramatic impact on initial catalyst activity. The
effect is nearly identical with either a 400 mol. wt. diol or 700 mol. wt. triol

starter.
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15 C 114 700 nw triol vacuum nitrogen 0.28 Cl16 C 114 700 nw triol none
0.069 1 Zinc hexacyanocobaltate catalyst "0" is a t-butyl alcohol/ 1K

pol y(PO) diol conplex, prepared as in U S. Pat. No. 5,482,908. 2
Concentration in polyol starter on a solids weight basis. 3 Both catalyst
and starter are stripped under vacuumat 130C. 4 Rate constant as neasured

froma strawghtesidgsne pl ot of exponential decay in partial peegpssiRodf

propyl ene oxide as a function of time. The foam from Polyol B has foam
force-to-crush val ues of 349/122195 for cycles 1-3. The results denonstrate
that a higher-quality foamis available from polyols made from
starter/catalyst m xtures that are strippeg according to the process of the
i nvention. WD 98/52689PCT/ EP98/ 02098 13 Table 3. Effect of Stripping on

Pol yol Properties’ EXAMPLES 17-27
Effect of Improved Stripping on Polyol Properties '

These examples show that using an inert gas in combination with

vacuum strippfng gives polyols with improved physical properties

5 compared with polyols made in a process that uses either conventional

vacuum stripping or no stripping at all. As the results in Table 3 show,

vacuum stripping assisted by a nitrogen sparge results in faster catalyst

initiation, lower polyol viscosity, narrower molecular weight distribution

(M,/M,), and lower unsaturation.

10 EXAMPLE 28
Effect of Improved Stripping on Flexible Polyurethane Foam Properties
Flexible foams are prepared from TDI prepolymers as is described
in Appl. Ser. No. 08/544,629, filed October 18, 1985.  The TDI
prepolymers are made by reacting one mole of TDI for each mole of polyol
16 hydroxyl groups. The only difference is that Polyol A is made from a
starter/DMC catalyst mixture that is vacuum stripped at 50 mm without any
gas sparging prior to making the polyol, and Polyol B is made from a
starter/DMC catalyst mixture that is vacuum stripped at 140 mm while
being sparged with nitrogen at 0.01 pounds per hour of nitrogen per pqund
20 of starter. The foam made from Polyol A has foam force-to-crush values
of 376/236/182 for cycles 1-3.
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Ex # Product Stripping conditionsz PO press. (psia) Initiation tinme (mn)

Viscosi tY (cps) ?m Unsat. (meqg/g) 17 4K diol vac/nitrogen 25 11 944 1.15
0.0039 18 4K diol vac/nitrogen 15 ) '
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Table 1. Effect of Improved Stripping on Catalyst Activation
Ex Catalyst' | Amt.? Triol Stripping conditions® Initiation*
# (ppm) starter _ time
mw (min)
1 A 177 450 vacuum/ nitrogen 5
C2 A 177 450 vacuum only 46
A 113 700 vacuum/ nitrogen 2
4 A 113 700 vacuum/ air 5
C5 A 113 700 vacuum only 22
8 B 1143 700 vacuum/ nitrogen 12
Cc7 B 1143 700 vacuum only 16
8 Cc 114 700 vacuum/ nitrogen 14
C9 C 114 700 none > 80
10 D 113 700 vacuum/ nitrogen 30
C11 D 113 700 vacuum/ nitrogen® 105
C12 D 113 700 vacuum only 65
! Zinc hexacyanocobaltate catalysts:
A = t-buty! alcohol complex, paste, (30% solids), prepared as in Serial No.
08/588,751. '
B = glyme complex, powder, prepared as in U.S. Pat. No. 5,158,922,
C = t-buty! alcohol/ 1K poly(PO) diol complex, prepared as in U.S. Pat. No. 5,482,908.
D = t-buty! alcohol complex, powder, prepared as in U.S. Pat. No. 5,470,813.
2 Concentration in polyol starter on a solids weight basis.
3 Both catalyst and starter are stripped under vacuum at 130°C.
“ Time needed for a 50% drop in initial pressure. * Starter only is stripped.
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Table 2. Effect of Improved Stripping on Initial Catalyst Activity
Ex# |Catalyst' | Amt? Starter Stripping Initial
(ppm) conditions® Koo
(min™)
13 C 114 400 mw diol vacuum/ 0.30
nitrogen
Cc14 C .114 400 mw diol none 0.058
15 104 114 700 mw triol vacuum/ 0.28
nitrogen
C16 C 114 700 mw triol none 0.069

' Zinc hexacyanocobaltate catalyst “C” is a t-butyl alcohol/ 1K poly(PO) diol complex,
prepared as in U.S. Pat. No. 5,482,908.

2 Concentration in polyol starter on a solids weight basis.

3 Both catalyst and starter are stripped under vacuum at 130°C.

4 Rate constant as measured from a straight-line plot of exponential decay in partial
pressure of propylene oxide as-a function of time.

The foam from Palyol B has foam force-to-crush values of 349/1 22/95 for
cycles 1-3.

The results demonstrate that a higher-quality foam is available from
polyols made from starter/catalyst mixtures that are stripped according to
the process of the invention.
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Table 3. Effect of Stripping on Polyol Properties’
Ex # Product Stripping PO Initiation Viscosi M,/ Unsat.
conditions? press. time ty M, (meq/g)
(psia) (min) (cps)
17 4K dio! vac/nitrogen 25 11 944 1.15 0.0039
18 4K diol vac/nitrogen 15 12 912 1.13 0.0039
c19 4K diol vac only 25 79 1010 1.30 0.0049
c20 4K diol none 25 >100 1124 1.44 0.0051
c21 4K diol none 25 45 1033 1.35 0.0047
22 6K triol vac/nitrogen 25 5 1372 1.10 0.0041
23 6K triol vac/nitrogen 12 6 1357 1.05 0.0040
C24 6K triol none 25 49 1554 1.19 0.0045
c25 6K triol none 40 25 1540 1.15 0.0042
26 3K triol vac/nitrogen 25 2 615 1.07 0.0037
Cc27 3K triol none 25 46 656 1.17 0.0038
1 Zinc hexacyanocobaitate catalyst used is “D,” a t-buty! alcohol complex, prepared as in
U.S. Pat. No. 5,470,813, used at 25 ppm in the final polyol.
2 Both catalyst and starter are stripped under vacuum at 130°C.

The preceding examples are meant only as illustrations; the following
claims define the scope of the invention.
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We claim:

1. A process which comprises:

(a) mixing a polyol starter with a double metal cyanide
catalyst; and

(b) heating the starter/catalyst mixture under vacuum under
conditions effective to achieve improved stripping
compared with that which can be achieved through
conventional vacuum stripping.

2. The process of claim 1 wherein the starter/catalyst mixture is
heated under vacuum while sparging the mixture with an inert gas.

3. The process of claim 2 wherein the inert gas is selected from
the group consisting of nitrogen, air, carbon dioxide, argon, helium, and
mixtures thereof.

4. The process of claim 2 wherein the starter/catalyst mixture
activates at least about 3 times faster in an epoxide polymerization
process compared with a starter/catalyst mixture that is not sparged with
an inert gas.

5. The process of claim 1 wherein the starter/catalyst mixture is
heated under vacuum while stripping the mixture in the presence of an
organic solvent.

6. The process of claim 5 wherein the organic solvent is selected
from the group consisting of ethers, esters, ketones, alcohols,
hydrocarbons, halogenated hydrocarbons, and mixtures thereof.

7. The process of claim 1 wherein the polyol starter is selected
from the group consisting of tripropylene glycol, polyoxyalkylene glycols,
polytetramethylene ether glycols, propoxylated glycerol, alkoxylated allylic
alcohols, and mixtures thereof.

8. The process of claim 1 wherein the catalyst is a zinc

THIS SHEET HAS BEEU
REPLACED

hexacyanocobaltate.
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1. A process which conprises: (a) mxing a polyol starter with a double
nmetal cyanide catal yst; and (b) heating the starter/catal yst m xture under
vacuum under conditions effective to achieve inproved stripping conpared

wi th that which can be achi eved through conventional vacuum stri pping.

2. The process of claim1 wherein the starter/catalyst mxture is heated
under vacuwo szhése sparging the mxture with an inert gasPCT/EP98/02088 The
process of claim2 wherein the inert gas is selected fromthe group
consisting of nitrogen, air, carbon dioxide, argon, helium and m xtures

t her eof . 4. The process of claim2 wherein the starter/catal yst

m xture activates at |east about 3 tines flgster in an epoxide

pol ymeri zati on process conpared with a starter/catalyst m xture that is not
sparged with an inertggffe process of daimh&herei trescatélyst issubstantialy eon- t he
starter/catalyst m xture is heated under vacuumwhile stripping the m xture
in the presence Gystalingr gani c sol vent. 6. The process of claim5s

wherein the organic sg. V“ﬁﬂ% e§§bﬁahﬁﬁ1fwr9érbtnhﬁe®tmmamtsmme®é
ethers, esters, ketones, alcoho

hydr ocar bons, hal o enatg%o ygh@ rbons,
and mixtures thdvasted at a temper@turenelttpndbgggngﬁ ofcakayh H Cﬁol yol
starter is sel ecér@d qé?@\} Buf OB L ORI R G00 TrMr opy! ene gl ycol
glyco

pol yoxyal kyl ene 0 ytetrane yl ene ether glycols, propoxylated
gl ycerol, al koxyl at edi1al Wyélm’oeéssoblbtlagm anﬂ:rﬂmemcamslsmemlmmen@ngm

process of claiml n the cat

SUBSTI TUTE SHEEfFH%Hj “g’?ﬁ PrepEne® °'$ é E"P8%Sg‘§ﬂ<§&8f£§%%ﬁmﬁefragﬁ nt

catal yst is subsd polyether polyoh- crystalline. 10. The process of claim
1 wherein the starter/catalyst mxture j ated at { thin
the range of about 60 '@1%%’85?3%6%@#@%8@%(“%&'?% lggﬁeaé&yftﬂ% about
300 mm Hg. 01901 tg%k@ré)ﬁ@,gge%lﬁjlr&hghéféamt her conpri sing pol yneri zi ng
an epoxide in the presence of the stripped starter/catalyst mxture to

produce a pol yet her pbi.yéiprocess whigh compgisgsocess of claim 11 further
conprising using the pol y?éf‘%:x?%%%b BPstHPtlé?wﬂhfa'ﬂm: Beradyahposwiitagere f oam

13. A process which conpri'ses |ng a polyol starter with a zinc
hexacyanocobal t at e catal yst; catalygtb&ntheati ng the starter/catal yst mxture

a a temerature within (g \aifodheaiont CAGHLONBRON P 0EHERAatEIor 2

vacuum of | ess than about e s ar e mxtureowlth an
i nert gas. 14. The proomﬂundhealaagmofaabm@r&ﬁfﬁ tohaboe2@0°gadng s

sel ected fromthe group consi stdenga \(I)gl%{rbln%_rﬁg%%g,th% rabo@f“%(fb; Iy wuﬂﬁe argon,

hel ium and m xtures thereof. 0oCceéss o0 erein
wherein the polyol starter isspaegifgtiesinfixtore witeagiimerpgaansi st i ng of

ol yeol o SPipg'xifS't’e 1 Yoapestertaain 1f shetait fia s BT Fe e RN |, e
t hereof . é%ﬁp ROASE ef mt-‘rbaeﬁn dig cHnssretdxides arjow, theﬁuimaaadi yst

m xture activates at |east about times faster in an epoxide
pol yneri zati on pmbderes tbengphr ed vmth a starter/catalyst mxture that is not

sparged with an inert 189 he process of claim 13 wherein wherein the polyol starter is
selected from the group consisting of tripropylene glycol, polyoxyalkylene
glycols, polytetramethylene ether glycols, propoxylated glycerol,

alkoxylated allylic alcohols, and mixtures thereof.
16. The process of claim 13 wherein the starter/catalyst mixture

activates at least about 3 times faster in an epoxide polymerization

process compared with a starter/catalyst mixture that is not sparged with

an inert gas.
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98/ 52689PCT/ EP98/ 02098 16 17. A process which conprises: (a) mxing a

pol yol starter with a zinc hexacyanocobaltate catal yst; and (b) heating the
starter/catalyst mxture at a tenperature within the range of about 60C to
about 200C and under a vacuum of |ess than about 300 nm Hg while while
strippi ng Wasogmegoure in the presence of an organi ¢ sol verdct/Ep9snz098 18. The
process of claim 17 wherein the organic solvent is selected fromthe group
consisting of ethers, esters, ketones, alcohols, hydrocarbons, hal ogenated
hydr ocar bons, and m xtures thereof. 19. The process of claim17
wherein wherein the polyol starter is sel¢gted fromthe group consisting of
tripropyl ene glycol, polyoxyal kyl ene glycols, polytetranethyl ene ether

gl ycol s, propoxyl at ed7glawcﬂssmmwﬂngnm allylic alcohols, and mi xtures

t her eof . 20. A procgess which o eatin o er
under vacuum under condi tfasné""é'f‘gédf? %{c‘ﬁ‘p"éeé"?“?}%%#géxgorbﬁﬁgf ng
conpared wi th that which cancg@ﬁ&mrﬂyed t hr ough conventl onal vacuum

stri pping. 21. The process of claim 20 wherein t tr|
starter has a water conteff) bealiegdhe ﬁéﬁ‘ﬁeﬂféﬁﬂyﬁtd@"%‘ﬁﬁ]a %E%‘I‘“%AS BEEN
REPLACED within the range of about 60°C to about 200°C and

under a vacuum of less than about 300 mm Hg while
while stripping the mixture in the presence of an organic
solvent.

18. The process of claim 17 wherein the organic solvent is selected
from the group consisting of ethers, esters, ketones, alcohols,
hydrocarbons, halogenated hydrocarbons, and mixtures thereof.

19. The process of claim 17 wherein wherein the polyol starter is
selected from the group consisting of tripropylene glycol, polyoxyalkylene
glycols, polytetramethylene ether glycols, propoxylated glycerol,
alkoxylated allylic alcohols, and mixtures thereof.

20. A process which comprises heating a polyol starter under
vacuum under conditions effective to achieve improved stripping compared
with that which can be achieved through conventional vacuum stripping.

21. The process of claim 20 wherein the stripped polyol starter has

a water content of less than about 100 ppm.
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