- 1 - Process for the preparation of polyether carbonate polyols

The present invention relates to a process for the preparation of

pol yet her carbonate polyols fromone or ‘nore allcylene oxides, carbon

di oxide and optionally fromone or nore Hfunctional starter

substanc?,s |nt1h o\ ble metal cyanide

cat al yst 18 e : ‘ R al yst conprises an
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and Epoxloieﬁma)ms%@aﬁl@ﬂﬁglaéahﬂc Conpounds; Di e Makronol ekul are Cheni e
130, 210-220, 1969). This reaction e.g. using an H-functional starter
substance is shown in diagramformin equation (1), wherein R

[ epr esentise pRpQEEAY Golh@lkrCatbonabdislyolShyakikic reatbikanl b NdyleRd ox’ide)é kepoia&hand
of which can also conprise hetero atons, such as, for exanp (S’

Si etc., cHRen disidsiin the mivernee opsPeawel Hifunchprsetarter PSR \ﬂﬁ@?eé‘-i) rhas been
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(I') is nerely to be understood as neaning.that bl ocks havin
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pol yol olhairBRden P! ustROnSIEAURNGRI sty REstanbtis |sRAeH B Bdgrdh ork R Bation (),
and the OH functionality of the starter can vary and is not |jinited
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this reaction 20 represents the conversion of gr eenhouse a) such
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30pol ynegcthalyddy-grédube found there.
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25  US 3 404 109 describes the preparation of DMC catalysts for use in the polymerization of alkylene
oxides and / or oxetanes in the presence of small amounts of water. It is stated there that alcohols,
ethers, esters and other compounds are necessary as complexing ligands in the DMC catalyst in order
to obtain active DMC catalysts for this reaction. An indication of the possibility of carrying out the
reaction in the presence of carbon dioxide and therefore of incorporating carbon dioxide into the

30  polymer is not to be found there.

In the following years the focus in DMC catalyst development was chiefly on ethers, such as "glyme"
{dimethoxyethane) or "diglyme" (bis(2-methoxyethyl) ether) as complexing ligands (cf. e.g. in



- 2 - US 5 158 922). A use of these catalysts in the copolynerization
of al kyl ene oxi des and carbon dIOXIdeDNé not nmentioned in US 5 158
922. JP-A 1992-145123 di scl oses that ‘cat al ysts prepared using
tert-butyl alcohol (TBA;, tert-butanol) 5 show better properties, so

| gand, S EHACRER ARG L AL b 5T BFIA61 of Walaie NI 1 G dionide

663 e g tdwsmdested hass a1smanpes of DMC catal ysts which conprise at
| east two different conplexing |igands, one of which, however, is
al ways tert-butanol. These DMC catal ysts are active in the reaction
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DMC catal ysts in the context of the present invention conprise no
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on tegt-butyl alcohol (TBA) whi ch was set at 1.0: 0 67 for
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carbem Sgbamilebf preparing copolymers from alkylene oxide and carbon dioxide is not described in

US 2005/0143606 Al.

According to the current state of the art, the copolymerization of at least one alkylene oxide and
carbon dioxide in the presence or absence of H-functional starter substances is preferably carried out

35  inthe presence of DMC catalysts which comprise tert-butanol as a ligand.



US 6 762 278 describes a process for the copolynerization of

al | cyl ene oxi des and carbon di oxi de using suspensions of nulti-netal
cyani de catalysts (formal nanme for nore than two netals. In the case
of exactly tmo net al s, DNC catalysts are referred to. For the

definitr 0 O line 16 the aid of
the mul t W 39(}@?%13%%8 ok Py TSy f%ﬁ% rpehreilzgﬁzﬁ lgffe ovides Sna carbon
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carbon diepxiogle) TheSighésepab@tlic chRttewdss1s. 308 Ttch®bnatd REripbldd@s 75515 beadbon
of zipc chloride for the preparation of DMC catalysts has been
descr?bed“ﬁwdll Kimet al. in Journal of Polymer Science 2005, page
4393 et seq. in the article "Ri ng-Opening Polynerizations of

Propyl ene_Oxide by Doubl e Met al ani de Catal ysts Prepared with ZnX2

(X EyF %IS 6 %g 268\r/dﬁr3ﬁrlfltteﬁe PEQLERS faﬁlew@aear%%/nsow Nentgétxt des, grchprspongigride
pol y(tet ﬁlﬁﬂ@ﬁd@ifdm@iﬂ@s SFtoh-m@ay §@hille catdlyiaGorR8Binfe@bfort hah t\{/(hﬁetals In the case

pol yneri zati on of propylene oxide proceeds best if the cataﬁé
20been pPEFEFEHMA rals; IMCHP BB SR (o B0F e dBHniGamies Wi %?325 “page 8

thi si@art gt 6)C WHhath®aidNT ﬂh&ﬂhlﬁﬂ{aétﬂrbyﬁx’ﬁ@é cad2B 6f RACBICIBL SZLaN al ERCQ(@N)(,],
used in the copol ynerization ene oxi des_ and carbon di oxid

By means PEPAIBVECCHERY g?s%ﬂwéts%a“@rreft é]“t@n%@? Enesrplexing; ligandy fspqlysghee aarbonate
possi bl e pbigolf YpRh BreCaMBhMEBIEnOFasdtinly BASHt B @il (688 AN S€aff dioxide)
carbon dioxide in the presence or absence of Hfunctional starter 25
subst anc&@SPIERRfRer, it was not possible to inprove the incorporation
of carbon di oxi de into the copolyner. It would therefore be very
desirable to provide a process wherein the copolynerization of

al | cyP end e RicE Sthshane hlisshingeaskeiddnc Cﬁl e fo5thesiragatior oh VKR eatalyts hpg been
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possi bl e a higher incorporation of carbon di oxide into the resultin
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al so shoytd pref gr ably: ﬁQﬁ@@d{lé B?Dﬁﬁj tdtdlystewith FR-bAGNAIORS Eatygetrdlﬁetﬂ}&ae ether
now been found surprisin that the abovenentlone ect is

achi eved 2hgolh e E%eélsfo‘l‘ndrtp%t e q&tye&aratorl ShPEPY Y Cyié{erpéffce bE% Afthe catalyst has

pol yob s be@rprafaredGhithBEEbdinide ks @Resonrek G Sinc CRAGRAE, 8iiPXtibe camsins no indication
optlonally fromone or nore Hfunctional starter substances in the

pr esence "8 e Pkt casrbsole uinddn s ferohimeisalion géalkens oyiles angiratoer fioxie

doubl e netal cyanide catalyst conprises an unsaturated aIcohoI (i.e

an al cohol conprjsing a one C=C or one CC bond) as
conpl exi Ky MFgdMC Catalysts hassﬁ* &t Brrtwirngld &%Setﬁteeerosew&e % Pe‘eeﬁtcopolmers of

inventi ogt lest dnP ERGRAES oki®¢ add)CarbinCMafiad iPihe PresBiRk ¥ laBRhoL 8 BAMRiBnal starter
polyols fromone or nore Il-functional starter substances, from one

or m%? e S1USEpIcE oY s M anEPt PRFIRIR 1 B Yrethe incoperagp €6 frrBotb fliogide into the
| east ongodalknes.at Rbi& therdfdta b@GdrP tesdable kdprbad a Fﬁ&s%r&ﬂtﬂ?d 36pblyinSrization of

prepared by a procedure i n_which an agueous sol uti on_of
cyani de- plkilene pxidgs and carbongdipidde indhe presence or absence of an H-functional starter and in the

presence of a DMC catalyst renders possible a higher incorporation of carbon dioxide into the
resulting polymer. The catalyst activation in the presence of carbon dioxide also should preferably

30 require as little time as possible.

It has now been found, surprisingly, that the abovementioned object is achieved by a process for the
preparation of polyether carbonate polyols from one or more alkylene oxides, carbon dioxide and
optionally from one or more H-functional starter substances in the presence of at least one double
35  metal cyanide catalyst, wherein the double metal cyanide catalyst comprises an unsaturated alcohol

(i.e. an alcohol comprising at least one C=C or one C=C bond} as a complexing ligand.



5 with the aqueous solution of a nmetal cyanide salt in the presence

of one or nore organic conplexing |igands originating fromthe cl ass

of unsaturated al cohols, wherein the unsaturated al cohol (s) are
preferably contained either in the aqueous solution of the

cyanide-free netal salt, the aqueous solution of the netal cyanide

salt or inPE&Hd fmbediment af thei Hﬁ?ﬂt NYEHIOR B aPBersh IR0 he | Renafstiph of polyether
cont ext  QfrbbitikeSpolydKaRint it Rhfre HAincBIRMRASr sithA8Qs, Afont HR o Qfoi:@’dll@lene oxides
(RI)(R2)(R3)C£ wherein R is a hydrocarbonzgrou of 2 to

carbon aPBhEarhey fingdadn fheauesernseri @t deagineieoP Mt cqtalys tehaagerced dp &&b the DMC
and wher @itAlyhi€f8fatdal by adRcte@ire tNEhiQPIMRRRS JFioRlof h BRnfdeEe® e sdithereacted
CC group i.s bonded to the carbon which carries the hydroxyl group,

and wher &iith tesugrus selpeonf drtagidlFyanidsmalt it the pEesenpel PHRUSIS BT PIBHC eqpplexing
be repl aggghddbris fnﬁmﬁ Q&HQHG Elgﬁnofﬁﬁﬁaﬂgte@ralc@u&§ Qﬂ?e?em tlﬂeSurﬁﬁQraBa AHoIES are
i ndependent |y of each other are Cl to Cn-al kyl (such as,
for ex an@{eéerab(%fqmﬂed @tﬂI‘FW i thE’ pqﬂgws sokyg?xyq)f thf‘p@i"’l’t”?? freq]@y(tyy s)al t@aqu@oug solution
12- cycl 0gk ¥ netaPBRRME sl ordh M&afa@@;{swﬂu&eoup of 2 to 20 carbon atons
havi ng at | east one C=C and/or at |east one C-group, wherein

preferably one of the carbon atoms of the C=C or of the CC group is

bondegl t@n&eﬂﬁa@@"ﬁ%ﬂol%h CtHe Goftkitesr the 1rhz¥1§lfoﬂx%le Q:rroéicgmpl\é'h%{o@é Rfithe formula
each case ong of nore hydrogen atons of hydr ocar bon group can be

repl aced By ﬁ%ﬂ%ﬁﬁnoWh@@nﬁhdﬁaé&#ﬁ@ﬁﬂﬁﬂﬂmpdﬁégeﬂoCwﬁeméWFQéawngathmﬁone
unsat ur aiceg aﬁ%?ﬁ%a& cﬁ‘l'é %_%'%?%gmeghd]wlﬁl'em ﬁ‘eﬁl’bﬁom ¢ of Bk cargorpe{taﬂf& thé 8LE or of
2-propyn-1 -ol, 2-net f en- 2- ol ﬁ n-2-o0

3- but en- the-GHC g®upp Lstl:;onde_‘r_i-tglthc Gulmptviyi¢h- @*Tp?@ m]neehb‘dﬁ}xml gram;l afd wherein one or more
met hyl - | | 0

ycr ogen“SEORRE B aPlp B S 8 R, g g 5 dihen

hal o4&n atdREandR’ 1r@bpeant1y b} caclPather amcjﬂlyalrdgyn (i} &f ©x-akgl] (mn&as lfomxetdple methyl,

5 ot nyt SESE e b p O Al B Bt S @2 0 0

The pr ocesbomatons tavigy stdedshend Gve mhd/matflaerst bilreCgrrepa maticmnprefrably one of the

pol yet her arbonat po n_be 30carried out contin o sl
Sen - bat EHamsEOB; of Jr/‘&o it Pyg e 15539 £ i e CaIPeR RS %Wéheshydmxyl

obt ai ned gaas, aﬂﬁtdﬂgmte@chtda@e 418 \6e b A droPerGRARY ¢Hlthd R cabILEIElY ARBE Fdplaced by
ﬁ% | east 1 eferabl of from2 to 8, particularly preferably

fro %tat%lsa ‘é"r‘i?r B°F PYY9EER1 y preferably from2 to 4. The

nol ecul ar weight is preferably 400 to 10,000 g/ nol and particularly

preferab to 356 |1y, alkylene oxjde

havi ng 2 BETEA B BSA AR R AUl By SR Br e prBred s BOBET g Mg

the i nventbuen-2-olhe-rdthyBlies-0xi dﬁ&taﬂubm% Butaﬁlmar BoR(131-0:FEntéd- 9-01 fagd 3.

exanpl e, nore conpounds .chosen from t he p, consi stin
et hyl enemﬁg‘iyhg',pe%%ﬁ]l' E”galmoa%ble et thr SREOGRYTE 89 the hyglrogieh atgms b‘k’?‘ﬁ gnsaturated

2- mephyl aﬂ;ol%imcb@edpﬁcm)dmdgbﬁabm&mezl ®¢| O Dartichtap Fe@é?ﬁd@ﬁéaﬂﬁated alcohols are
2, 3- pent ene oxi “butene oxj de a%h&l 2- but ene

e
oxi de, 1¢ Whé%aﬁepa@r{e%msthﬁ&aﬁw &0l 3-@%’%&%@ i Byl-1-pentyn-3-ol is
met hy1- 1mdstpestéredae oxi de, 4-nethyl -1, 2-pent ene oxi de,
2-ethyl -1, 2- but ene oxi de, 1-heptene oxide, 1- octene oxide, 1-nonene
oxi de, 1-decene oxi de, 1-undecene oxi de, 1-dodecene oxi de,

4- met hy 19he Broc€Rt@IEnOX BR, inRutiad iR B PRPAKIdHES JohRMEE BRALIRRPOIE: can be
cycl ent ene, oxi de, cycl ohexene oxi de, cycl oheptene oxi de,

cycl ¢ ct@HE“U%Fﬂ%mm§F§Wéﬁ@*8%¢H@“”ﬁ@Fﬁ?ﬁ@?@*@ne oxi de, pinene oxi de,
nono- or 10 polyepOX|d|zed fats as nono-, di- and trlglycerides

epoxi di zed fatty acjds, Cl-C24 esters of e?OX|d|zed fatgé acid
epi chl or EH‘E/H? yeifer @"ﬂlr?‘?f’iaﬁdﬁ"lyolfr?étaa’éﬁi PSPATIIRELS thSFGRYQN 1 GPuerad tievg aafﬁncnf’wlty of

exanpl e, af@ishy, |pr£ér¥tﬁ%' 8¥/troreh l&eg ,paleihhyﬂly &Eﬁéﬁbg}ﬁonﬁi e and %e@tpmﬁbm@lw}kreferamy
gl yci dyl ether, all yci d et her é% net hacryl ate and
from 2 to 4. The molecular weig t is preferably 400°to 10 00 g/mol and partlcularly preferably 500 to

35 6,000 g/mol.



glycidyloxypropyltrinethoxysilane 3- glycidyloxypropyltriethoxysiIane,
3-gl yci dyl oxypropyl - 15 trlpropoxyS|IaQF

- gl yci dyl oxypr opyl net hyl di net hoxysi | ane€,

3-gl yci dyl oxypropyl et hyl di et hoxysi | ane,

3-gl yci dyl oxy yl trii sopropoxysilane. Preferably, ethylene oxide

and/ or pis Bifﬁlg)héﬁ)%lf%‘éﬂ def Raviier - EEAROP 2P 59t Wﬂ%@éﬁeaé@r ﬂ&r%o"é??ﬁFW@Hg to the

as_al | cylhergidXTaeskylbde dxiicdhSnd235 chbéh {iohs I\féDfoP Exaﬂ%(!)ee ofd b1CHbr8 REmpounds

oxi des together to be reacted with carbon dioxide. ounds havi ng

H at ons ®RTSER igpethy drpupecongipting el sileigyaxidei BiepYais %deer%ﬂqu&y@@x&g, A 3-butene

sui t abl e okide, £-#BGHLO giopé{eaaxi&r(lssupéieaﬂﬁﬁ) 1%%9&9@0%@ of_Ranke @eﬁ&é \Qemé'fhyl-
at ons and are actjve oxylatlon ar for exanple, -

e
(pri mary lenfuiras pxideNemethyldehfencyoxide; ne oy, 23rdwxenecpre, %&lﬂwmmde 2-
and - NH2 nifH§1-PRGERESLskidedBGh et Q%aeﬂt@ﬁet @gw alelny1-Pp &hRhd 88de, ThEptene oxide, 1-
H functional starter substancé enployed is, for exanple, one of nore
conpound§cEroLEde flrnsrsrcHeidsy duisceas ﬁ§1id§tli ngiewrﬂe 95196 1-dedepye wrigsc-rsthyl-1.2-
25 al cohQlfiene"BAd:; vRfadRMd )Hohbpﬂ&é I QRRkhe %’iﬂnﬂﬁac @eioy&ﬁeaetdxmaaky&dyeﬁné,omde
carboxylic acids, am no al cohols, am nocarboxyl’ic acid

t hi oal cokpilehePigyRiPEdsy cudecsicae opge-BrPIEroxjsis) %aixlstyw= 9@@% ghinepd pxide, gnono- or
pol yest efoStirldiRe k¥ OdsSnonBO ki %ﬁ@ﬁfglﬁ@ﬁd@@ Qﬁéﬁd}%l 29 a%ids,R@ll-%Q @srtQQS'iaetpgmdlzed
pol yol s, pol'yet hyl enei m nes, % heram nes (e.q.” so-cC

Jef f ami n&&pr jeidsy spielpmbinan glyslde apd dé“‘@“"@ <2f3alycléﬁl4@@h @ ﬁfw(ﬁ}ample methyl
T-403, T3RRQAy thépo&h I ol Gl 1%%153?”@1 1HR% didy odnBARMy1 SIYGHy188L&; Yiycidyl
Pol yet herégﬁ ne 7 g& i e[hg )QT%S 1%5 , : yt}{at ?gh%rof urgr%gl Y
(e.g. PoFTWﬂFMa)e f raeﬁin Bﬂsmdes“wm@é ealbylowellla}aWF( Pl)chzsess 6505, exogte, 3-
10005, 140@idyib8ARepykaRBthox f@ﬁ’dnﬁt et r?:agk%ﬂf RV BRARE R @@sﬁeﬁASF BLRS oxypropyl-
Polytetrahydrofurananlne , ether thi'ols, polyacrylate

pol yoP s, tgaenosysilgne, |t hé-ghasily owromlﬁptytlémea@xmim ci n0I3 Yeidytorypropylethyl-
nmonogl| yC@feﬂQﬁf’sﬂQﬁ E%Wc}ﬁyﬁ)%éﬁ%ylt%ﬂ%%oﬁ%géﬂénm&fﬂ;agl téﬂ?ﬁ&l@ oxiHe- an%gfa%ylene

triglycerides of fatty aci y acid esters

whi ch™ coRpif-sd péwmsl@re?ra@éﬂnatomdéa@"ﬁ exzplmd%gaﬂlaéﬁ@@ opides- Hob alse uoesmb@yfowayp
of exanPhire JiRRerCloxidet Bhdte:r td l%trE%teﬁ%lt(ﬂ c%&?&%xﬁﬁ@' ch conprise on

average at |east 2 OH groups per nol ecule are commercial products

such as Lupranol Bal ance(r) (BASF SE), - 6 - Merginor types (Hobum

d eoofhemceal, &n@ﬁ!ﬁ@ing ﬁ%’cﬁ{smléﬁ %re YRR Fol O Gtb Sy 14deH e T aidlofediibla Suitle H-

KG and Soyor TM t . Monofunctional starter substances
which ¢ aﬁmﬁ%or@h%‘f"éy @@staaa@ ﬁxoeﬁwlplgh hayppgiee H attinsoing ageragtivedpiibs glkexylatign are,

aci ds. N@d}%&é{ﬂlﬂ&' @@aLNﬁJ @QHB}ySan‘ﬁﬂéﬁhNﬁafkeQﬁdM-g%Hu&E)&SHr%h@a(f@h and -OH and

et hanol, 1-propanol, 2-propanol, 1- t anol -but anol,” tert-butanol,

3- but en- 1N751 are Btefﬁglteg rfng @il is ]@rtpﬁy{aﬁlwpregerﬁgt”@w B fygictional starter substance employed is,
2- met hy 1¢g3- e;l%ﬂz(l@ 2508 br ﬂ@&%ﬂﬁﬁds%@&ﬁ FHom e FRIuB¥basksiRg 9?@1’39&-701’ polyfunctional
1-tert-butoxy-2-propanol -pentanol, 2-pentanol, 3- pentanol

1- hez&noRlco %é‘i@&ﬂoPY p@ylfﬁ@ez@nﬁl aminesh polyfiprional 2biglspeashravlic acifie gmineoalcohols,
1-oct anmamm%ceﬁ‘%x?ﬁ@ 5@1d531h19£50ﬁ919| hyd%x?%@ﬂoﬁoly@ﬁ@% yols, olyester polyols, polyester
2- hydr oxybi pheny hydr oxybi phenyl ; droxyblphenyf 6

hydr oxy pFHFPeiEls, edixeéicn eghgrata P‘PiéOI&LIP @e@qayialms,n@olyqﬂcyé@rnmn@s polyether-

monof unciipRake. ?%Q@lﬁ:d%ﬁ"amﬂE@YﬁMﬁtsmE@ IshetPAY &k AFH 6 D-BEN . b@'@‘ P03, T-
hexyl amine, aniTine, aziridine, pyrrolidine, piperidine, norpholine.

Monof unc 80¢9n At300H iopFaraspanding peaduse of BAGT agueh awe.BalrdyeHicemine D 30 D400, D200,
1- pr epangisty alspocs; @’ ﬁ&?aﬂ &rt}fupa!ns (J%%Iﬁm@ hic@l BASF, such as e.g. PolyTHE® 250, 6508,

3- net hyl -1 - but anét t hi ol , thiophenol. Monofunctiona
car boxyl i1800aci d80G%hi cH‘Wﬁay %O%ntqoﬁ%d apltetrelydrafranagiines adBASE  product

acid, prepiRR:E AR Shand YidoS, aﬁyéalerftﬁlefsypa%cg,ﬁat? %glalsa%asaoﬁ%ﬁ%e frono- or

acid, palmtic acid, oleic acid, linoleic aci i'nol enic acid
benzoi ¢ étgi)@enf&c?rfylciz@le&cacw Hmpglmnéqm o rfaity asidsothemicalkhmopifigd gono-, di- and/or

sui tabl etr?g‘fyc'éhééé %?Fa&t? Qéhs, %@ét@waﬁéj’pﬁ&?g&@&t&g @hlcﬁ QJmlﬁﬁégpg\%rage at least 2 OH

35  groups per molecule. By way of example, the C,-Cy,-alky! fatty acid esters which comprise on average

at least 2 OH groups per molecule are commercial products such as Lupranol Balance® (BASF SE),



25 trishydroxyethyl isocyanurate, castor oil); tetrafunctional

al cohol s (such as, for exanple, pentaerythritol); polyal cohols (such
as, for exanple, sorbitol, hexitol, sucrose, starch, starch

hydrol ysates, cellulose, cellul ose hydrolysates,

hydr oxy- functlgnallzed fats and oils, in partjcular castor oil),

and
al | nmodi Mesipelohray Glebet OlesrhenedsCrbBY Shsmnolo hwas Elogwn Bryschian GmbH & Co.
vari ous H®URY SoRi*TeeaREQUasteRS. 30 The H-functional starter
substances can al so be chosen fron1the substance class of polyether
polyols, in particular those having a nol ecul ar weight Vi in the

range of Mdnefind@Ralt Rartly QBQaGesRhich BRI BLedbdyeP e ¥RbBoIMAMGR s, 3KiB!s B édboxylic

up fron1recurr|ng§et hyl ene oxi de and propylene oxide units are

pr ef e? r e@idpMemeraBigpalracahplg vaidsAR éﬁtlseéﬁref psthps, ethgnglo frpogpayfol, 2-propanol, 1-

propyl engy@xd debitiiol, Sert-Bdkddl, Subddnl MolDs %ﬁ@ﬁ@tbh Y- maﬁyltmﬂtagz a, Q%E@n@-butyn-
of from50 to 100 % of propyl ene oxide ufit These can be random

copol yners®h peeried rﬂICOéalpérrp%fl@ “REPPagPk értﬁaﬂtﬁ@/ Hpropangs kl-porepYy Fetestaggl, 3-

et hyl ene peithde 18RRI, Qmékﬁﬂaﬁ 3%&&@1 1:%%&@@'2% botet RS Fanboh Yoothol Bl ckdnol, 3-
up fron1recurr|ng pro | ene oxi de and/or et %ﬁ ne oxide units are,
F

for - 7ostagghanpp@ana, hephmﬂn%rhﬁdﬁwjmphmél - idroxybipheag, ( dyhydroxybiphenyl, 2-
Baycabl ( Vh%'droﬁéylfﬂlhé ( r3-)1‘13yd i@né " h*hy%x%iﬁﬁl): PE@HJ )mtﬂﬁﬁm%n)ﬁptaﬁﬂﬁes are:
pol yol s of Bayer terial Science AG gsuc as e.g. Desnophen(r)

Des n‘opheﬁEtﬁY}aml@OGQH"b'}iE]émﬁliefrPPl)tYlF’mn?o exyfaggne, Aaiing mu‘rlélnq:dwr@hdm@aanendme
Anor Pol %%Q%Md%ﬁ%tfoﬁal tf@lls%@lkch%%pe us@ﬁ %@leﬁﬁﬁetﬁg X%o 9&1901 2-propaneth101
Arcol (r) Polyol 1070, Baycol o%) 0, a]éle l%zi

Baygal (r ) hlesisethlols 3ppethylsl bw@lat ioba- lguéftnﬁért(qo jargnol. efiqfhréatw@thc@rhwéc acids
homo- pol ygtdyhsne nféﬁh&ﬁ‘:ﬁ afé! %mfc%&d%@ﬁ@écﬁi pltoBf%m% b Rkyefe)acilE, i*ﬁft}am such as
from BASF SE, Suitabl e homo-pol ypropyl ene oxi des are, for exanple

the BF ur SERacidrpabmEis@gids QI@WCBSMBPOISE acigriinolenicragis kenyrisasis e apifer s

of ethyl ene oxide and propyl ene oxide are, for exanple, the

PIuronicgré PE or Pluriog&rk RPE brands _from BASF SE. 10The

H-f unct i SakFungtioak aleokalmyhisncae saitableaps Sl-ractiongsearter rgbatanges arab & agremple,

class of dﬁﬂlcﬁ%ﬁ GlcoR Yéﬁl:l? as 'far Q?arlﬁﬂlé: '-éltlﬁ'fené Eﬂ%@l Iaﬁ\ﬂ'xﬂﬁe %I)B'Qll %Fdf)!vl@ﬁe glycol,
wei ght Mh in the range of

di funct i éwafrpym? 9lé§q1e1r %—p@iﬁ@leéwb|1d’y1@t§ana§10béH;b@?p@lepbngedlqhmey@@tYéglycol

pol yohs RIsgiehiafddiof, Iﬁtgﬁﬁlbeﬁanﬁmol@ stl@“f Rafot BAnRk SLaRE-8kSeiRledtdl 1 8-hexanediol,
Aci d conponents which are enp are e. g succinic acid, maleic
ISt

aci d, mallérectaaptigld bl eréccapetliql bléé?flfcaﬂﬁﬁl?h (Bydiptrrgthybeyclphexpnes (gich as, for
acid, i Sg%ﬂ@ll'ﬁlcb@ y nox&ﬁétﬁr‘ﬁﬂ@&@ﬁéx&ne) kéetﬁ}qédi ){C@f‘ E&Q&Qﬁl@&gﬁl%l ip%lyethylene

aci d, tetrahyd ali ¢ anhydri de, héexahy hal i ¢ anh

m xture &fycel F}ed@&P%near%&’/c@k tawﬁpadmedélycqiemﬁlmﬁ@deneAgld@qﬁn b@wlﬁ@m@h@@l and

Wh' ch ar Bol ':J@lﬁﬂelﬁer %y@olg t:ﬁ{lmeﬁ%ﬁ'z@éoholg (gdchpisoﬁﬁ‘r@glhﬂl: trimethylolpropane, glycerol,
Ero panédi ol 4-butanedi ol , 1,5-pentanediol, neopentyl glycol

2x atfsyEptyethyl _isogyanurats d casier metlhy gfafietiople laebols d(smmw%en%r example,

gl yCOl ?brﬁﬁe@ﬁbﬁlﬁg@e pgllyMEﬁJolst '(du@ﬁata@,y s Q}an)rwesorlﬂljoy Cl?e&ﬁ!)l sucrose, starch, starch
pentaerythritol of mXtures of the alcohol's mentioned. |[f

di f unct i 8¥dEPlystespetliasnced e hwmly@tqqehydrm-fpmnyaﬂhgedafaés aifh bidy &9 pagicular
the al COIa%ltor%ﬁﬁﬁﬁiqﬁ%od19&1'[131??1&)38150’[%%56 %lvéfﬁ)énﬁone%lcgﬁblgﬁﬁh Lérl%ﬁy\ﬁrﬁ(ﬁmts of e-

serve as starter substances he preparation of the polyether
carbonatém%@WV@Es are obtained. Preferably, polyether polyols having
M =3450 to 2,000 g/ nol are enployed for the preparation of the
polyester et her pol yol s. 25Pol ycarbonate diols can furthernore be

enpl oyed The HHupqtignal isoren substanceseqan glsp be ahpsersiron thepubstdneeiflass of melgether polyols,
havi ng a t, ,

pref er ab|€94§€%‘ to 5&"@%1%@ V\Il%ﬂ 8 J]ae{?%?%ﬁ gg%?é%fmé%;ypg%gﬁlp%% Oﬁé)glelﬂgc@gﬁther
of phosgeplgols @bt 3¢ Ibulétatpbﬁwatrecurrmgefethrsgl¢nec<ard9cﬁnétpeopdlen@l pwﬁe myits are preferred,

car bonat g g hiCh Loiak Rl B Mo ROMHESTyRhe RRIGY Ahits, PariRAbYS hilfEably

35  having a content of from 50 to 100 % of propylene oxide units. These can be random copolymers,
gradient copolymers or alternating or block copolymers of ethylene oxide and propylene oxide.

Suitable polyether polyols built up from recurring propylene oxide and/or ethylene oxide units are, for



35 process according to the invention described here are enpl oyed.

These pol yet her carbonate pol yols enplo,fd as Hfunctional starter
substances are prepared beforehand for this in a separate reaction

step. - 8 - The Hfunctional starter substances in general have a
functionality (i.e. nunber of H atons _per nplecul e which are ac

for the ﬁatlwt%rthe Resmenhept. Agckim: 4508, Bayeler Bal® oBayfleyr, Bpyeat PF—I and

functi ongblysthar f;(ﬁ{rolss Hb%ta%qqae@sr@m&ﬁ@lm%c@at her De@ﬂbﬁh’eﬁm%ddz PesiBSphen®
a m xture of at H Sfunctional starter substance

Pref er r ed 94 M%nsplyglt 0P efrcadtips tPaleb 400ML.eARPIC dibiol 1694, tf’%‘)l &akpkio1o,
formula (drko® mysl%bXA%@l@olme% rB cd119’ @D nmmncﬂ %/ﬁlﬁmWﬂ‘Ut(ﬁSQQBaygal K55,

preferably an even nu fr from2 to | es of al cohols

accor 8i ngEtlo ¥08tntaleether )91%Q)eFeltﬂwyISelﬁ?é’legh?%POIYthA&ﬂﬁlﬁWé@r%lf0r example, the

1, 6- hexangio® 5 brhnB-1R61 ﬁﬁ?ld 5g] sulta%iellg)moqﬁ%gﬂﬂle% 0:804 are, for example, the Pluriol® P
1, 12- dodecanedi ol . Further preferred H-functional starter subsfances

are neop®mngs rem BASE ST pndysttehje wixse spnabmcryfiediyicas oxitesndpsopylone prid¢ are, for

reacti on Rt GteSp1@bnit MEE 8 MORI® RPASLAICHMYBASF sk5 formula (11) wit h
c-caprol actone, e.g. reaction products of trinethylol propane wth
e-caprol actone, reaction products of glycerol with e-caprol actone and

react)pon e edtGLRnA sPENGBRINEN L LR tWhReLEBRNY REHARE claé‘s"dcf%ﬁzfeét&%iyols
starter substances which are furthernore preferably enpl oyed are

wat er, dilepHyendhoge iedng 2 giojpedpy veig My ranga of Spmaiop o 45PHe/mel. At least
and p0| y etfhiedtione fpﬁ%ﬁerp‘dl‘el EmplByeli "R PolyREEN Hd1iAds. %h%?{!&lk%( Ilﬁf'@ p%% consist of

units. 20 The nctional stdarter ‘substances areé par cul arl
pref er ablatterefﬁeg aeid ped deahghydtarfdd eqmpoaents vigeh arp emglpwl;ﬁr%wt@tm%gcubtnalew

et hyl ene ,ghygokic aﬁﬁme eda?pnglléf& Cﬂhthaﬂe MHQ&%&HMR:‘ ac1d1 us%plQHatH%rh%ﬁil' Q:lrephthahc
1, 4- butanediol, 1,5-pentanedi ol - n neopentyl

g| ycof, fClé,tﬁt@@bg_qlfgmﬂ@ﬂhc aq_ld,getra(ljgtir aphalsilig pnhyén@ Eg)qa@fqi@op@'thyl(lqunhydnde or mixture of

di propy! @QRescfs %ﬁc@!}p anﬁ!.'dfﬁi%é’ Qtlentlohéd NBLRYI MB%%%lc}gére u?c'adare eg ethanediol, 1,2-
trifunctional pol yol s, wherein the pol yether ol

Ui | 1 PRPaRtiS o Lo SirL RsOE o hp per BRREY, RepIbA A Lah @ hianediol, 1.4
propyl en %1sq5jrcg@xy9rfeth§'l) @kclol%&aﬁer Hletll'blfsﬁl{%%o? @%ro;ﬁfieﬁé E@Ecitl %&Bﬁ@lﬁ%pane %lycerol

propyl ene oxl1 de "and yl ene oxid yol s preferab

have a nPeeagythiitolay piturkn of Het at@hﬁlarr@@n@ftedf ifoftrﬁesztmm@l o, gayfogptiendl nafygther
a fupgti @p@bisty éﬁ{p]c;}&:@% fhe raRol;)hl c@iﬂ n'eﬁt ]%chtstep Eth& poBo N0 ick LAY hléé@ﬁsg Rirve as

M in the fange of and a functionality of from
2 to 3. sf@ﬂwbﬁ?reehfoatth%wewatton@fgm yelvﬁhfff caprsh aelwolp oiry eptgingd Preferably,

carried g etﬁéf Iﬁ%ﬁllﬁﬂuhg Nﬁldgllgd 81,1 gﬁﬂl RRNAiIQXkH 48 (RN RlA¥h gf‘ﬁe Rolyester—

oxi des on functional starter substances. I'n the context of
|nvent|oﬁﬂwrw¢$ﬁhctlonal i s understood as neaning the nunber of H
atons per nol ecul e of the starter substance which are active for the

al koxyl ation. 35 -
2 Polycarbonate diols can furthermore be employed as H-functional starter substances, in particular

those having a molecular weight Mn in the range of from 150 to 4,500 g/mol, preferably 500 to 2,500,
which are prepared, for example, by reaction of phosgene, dimethyl carbonate, diethyl carbonate or
diphenyl carbonate and difunctional alcohols or polyester polyols or polyether polyols. Examples of
polycarbonates are to be found e.g. in EP-A 1359177, For example, the Desmophen® C types from
30  Bayer MaterialScience AG, such as e.g. Desmophen® C 1100 or Desmophen® C 2200, can be used as

polycarbonate diols..

In a further embodiment of the invention, polyether carbonate polyols can be employed as H-
functional starter substances. In particular, polyether carbonate polyols which are obtainable by the
35  process according to the invention described here are employed. These polyether carbonate polyols
employed as H-functional starter substances are prepared beforehand for this in a separate reaction

step.



(i) inthe first step an aqgueous solution of a cyani de-free netal

salt is reacted with the aqueous solutign of a netal cyanide salt in
the presence of one or nore unsaturated4%1cohols, wherein the

unsat urated al cohols are contained either in the agueous sol ution of
t he cyani de-free netal salt, the aqueous solution of the netal
cyanide salt or in both aqueous solution, 5(ii) wherein in the second

step t _h_e_'[§19|ﬂ-ﬁlnkt‘fon§le§}§1&e§‘tsﬁgstéﬁ%és far é%%&hﬁav%%ﬁﬁ@l%n%qu%u%gr bF @Mhtoms per
(i), (iii) wherein, if appropriate, in a third step the solid which

has been modssplgtaich arevastyrefpr ihe polyrerizgiiend s feam ttp o peteralidy of 2 or 3. The H-
unsat ur atsgiiglaf ARk {ubstehced e EIUFRE @gﬁé?gncﬁﬂgua?lytlﬁeag%emxtﬁr@ R hast two H-
isolation by filtration or centrifugation), (iv) wherein the solid

obt ai fed funstiengbyiarter pubgtanespt i onal |y after pul verization, 10and wherein
inthe first step or immedi ately after the precipitation of the

doubl e netal cyani de conpound (second step), one or nore unsaturated

al cohol s Preferestidi-Bmmetjonpltasierabsancpeaedcdnlsoh diegensnl dormsladlD cyani de
conmpound), and optionally further conplexing conponents are added.

For exanple, for the preparation of the DMC catal ysts, an aqueous
solution of zinc chloride 15 (PEOAERRS in excess, based on tHKE)

met aljgcyani de salt) and potassi um hexacyanocobaltate (as the netal

cyanide salt) is mixed and the unsaturated al cohol (preferably in
excess, Bassm pi azjumbehiyadyiaA0cupiaiablatas)evemenndist froma) toy20f Brantplas of alcohols

conpl exi 'a&o%g)gnﬁmlﬁa %ll'nealfe f&wm%ﬁﬁoﬂ, Q,4%ﬂ§|§ngd{?18?,%ﬂc]e%eéi9ﬂ TR ctanediol, 1,10-

20Cyani de-free netal salts whi'ch are sui e preparation of

the doubHecaetiol] angylalrdpdocsormiuRerticp pefasied B-finpiiael stiresr gubsneds are neopentyl
fornmul a %iy%l) trMe@gnlcl({ﬁ)r{Z)f_)l_s)Sne,zéﬁm,r ﬁénﬁgm%éﬁi%ol%@%&ﬁ% Baﬁ'cydqgg bR e Bl oRbis according to

cations Zn25 Fe2+5 Mm2+5 co2+5°Sr, Snn, Pbn and Cun, preferably
M i s 1Znn formaly, (I@avithog-cagralactone, &g aeection @rashctiof &indthydolprgpang evidng-yaprolactone,

ani ons, Péagtfi&lr ﬁghﬁétsa&" Q%eﬁﬂ vﬁﬁlo§ é 15@@({?;'[ & ég&‘p pﬁtiuc!?@hf 9&% .hrﬁ’ol with e-

fluoride, chloride, brom de, i odi roxi de, sulfate, carbonate,
cyanat e, camplarignen Hrfanction® slagaatubstarget which atscipghemere peefpiplly pinatoged are water,

al cohol a LT, X i s L = . .
o Comol ey BiESL5 SRS, 5.l LA COEDLS, B
i socyanarelyalkdenciixsleyaitat e or nitrate, or suitable cyanide-free netal

sal tgsghave the general fornmula (1V) 35 M (X)3(w

The H-functional starter substances are particularly preferably one or more compounds chosen from
the group consisting of ethylene glycol, propylene glycol, 1,3-propanediol, 1,3-butanediol, 1,4-
butanediol, 1,5-pentanediol, 2-methylpropane-1,3-diol, neopentyl glycol, 1,6-hexanediol, 1,8-
octanediol, diethylene glycol, dipropylene glycol, glycerol, trimethylolpropane, di- and trifunctional
25  polyether polyols, wherein the polyether polyol is built up from a di- or tri-H-functional starter
substance and propylene oxide or a di- or tri-H-functional starter substance, propylene oxide and
ethylene oxide. The polyether polyols preferably have a molecular weight Mn in the range of from 62
to 4,500 g/mol and a functionality of from 2 to 3, and in particular a molecular weight Mn in the range

of from 62 to 3,000 g/mol and a functionality of from 2 to 3.

30
The preparation of the polyether carbonate polyols is carried out by catalytic addition of carbon
dioxide and alkylene oxides on to H-functional starter substances. In the context of the invention, "H-
functional" is understood as meaning the number of H atoms per molecule of the starter substance
which are active for the alkoxylation.

35

The DMC catalysts employed for the process according to the invention are preferably obtained by a

procedure in which



- 10 - wherein Mis chosen fromthe netal cations Fe3l, Al 3+ and
Cr 3+, X are one or nore (i.e. differe%t) anions, preferably an

ani on chosen fromthe group of halides (1" e. fluoride, chloride,

broni de, iodide), hydroxide, sulfate, carbonate, cyanate,
t hi ocyanat e, isocyanate, 5isothiocyanate, carboxylate, oxalate and
nitrate; & jths bt Siepar aqueRisesolutign 196 A ey enid-fresxiatak wltap deacted gvith the agueous

= halide, hyslueos $@ m&MRDAE® sak H BE YREALEof dn%%?%%n@aturated alcohols, wherein the
i sot hi ocyanate, carboxylate or nitrate, or suitable cyanide-freée

metal salts “ﬁ%ﬁ’éﬂtﬁ%@%‘@ﬁ@ﬁ‘a?mlf%}eﬁmﬂéﬁr(“v)he POUIEKFolgtipn apjier @ppidevfrpasmetal salt,
chosen fromuchguddel futeabl @B mePAinidYéitt RPN ddubout 3efudde One or nore

(i.e. dlfferent) ani ons, preferably an ani on chosen from the grougo of
hal i dés (). @hepeinjip fegecond sipmihr srdid ibyeairriad off fign teregspension ehtaiers from (i),

sul fate, 1‘?1?—%@1@5[ & apﬁMﬁsﬁﬁt@em 3 h’hﬂcéfé}f'ﬁi% esohd %ﬁﬁi%ﬁltb@m 1351%69'19%&@@@%@1111 an
car boxyl ate Oxar ate and ni trate; s'iIs i f ate car bonate or

oxal at e and?guepes olytionyot arha}nsaaéateqqyl@ﬁlﬁ&l(aé brsyawweedmz r@p@@y@ﬁqweét renewed

i socyanat e, jdbaALIbPENANALE ceft@uDRXY) ate or nitrate, 20 or suitable
cyani de-free netal” salts have t géneral formula (M) MX) t(V)
25wher ei fv) wherein the solid obtained is then dned optionally after pulverization,

10 and wherein in the first step or immediately after the precipitation of the double metal cyanide
compound (second step), one or more unsaturated alcohols, preferably in excess (based on the double

metal cyanide compound), and optionally further complexing components are added.

For example, for the preparation of the DMC catalysts, an aqueous solution of zinc chloride
15 (preferably in excess, based on the metal cyanide salt) and potassium hexacyanocobaltate (as the metal
cyanide salt) is mixed and the unsaturated alcohol (preferably in excess, based on zinc
hexacyanocobaltate) and optionally further complexing components are then added to the suspension

formed.

20 Cyanide-free metal salts which are suitable for the preparation of the double metal cyanide compounds

preferably have the general formula (IIT)
M(X), (111)

25  wherein
M is chosen from the metal cations Zn**, Fe**, Ni**, Mn?*, Co®, St*", Sn**, Pb% and Cu¥, preferably
M is Zn**, Fe**, Co*" or Ni%",
X are one or more (1.e. different) anions, preferably an anion chosen from the group of halides (i.e.
fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate, cyanate, thiocyanate, isocyanate,
30  isothiocyanate, carboxylate, alcoholate, oxalate and nitrate;
nis 1 if X = sulfate, carbonate or oxalate and

nis 2 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate or nitrate,

or suitable cyanide-free metal salts have the general formula (IV)
35
M(X)s av)



Mis chosen fromthe netal cations M6+ and Wb+ X are one or nore
(i.e. different) anions, preferably an @ion chosen fromthe group of
halides (i.e. fluoride, chloride, brom de; iodide), hydroxide,

sul fate, carbonate, cyanate, thiocyanate, isocyanate, isothiocyanate,
carboxyl ate, oxalate and nitrate; 30t is 3 if X = sulfate, carbonate
or oxal af'®e®Hd t is 6 if X = halide, hydroxide, cyanate, thiocyanate,

| socyanatygis chs@h RbAGNAN&E RatiGRFEOXAFaLE cPF, nitrate. Exanpl es of
suitabl e_cyanide-free metal salts are zinc fluoride, zinc chloride,

zi nc bror #€ °ng pPrhgosedis- cﬁéffer%th@lta@emraﬁe@blwlr?@oa@é@Syn &iowx thp aroup of hlides (ie.
hexaf | uorRasRt ¥hiash! oRalis, iddids, ki ﬁ%t@n%oﬂatezéﬂﬁaté”ﬁfﬁg%% E‘1socyana'[e

zinc nitrate, iron(ll) sulfate; iron(l1) bromde, iron(l'l') chlorid
cobal § (1 Fspthiasyenategerrboxglais explafoand mitglsy anat e, ni ckel (11) chloride and

nlckel(lkkﬁnggpa&ﬁmeZhﬂﬁmgggpﬁhggmng|nc brom de and zinc iodide are
particularly preferred and zinc chloride and zinc brom de are nost

pr ef er r edis VE Xt uhadide. by droside. syanaeyhisraate rigsysmategiotbigrianate sarbafydase pranitrate,
enpl oyed. Met al cyani de salts which are suitable for the
preparation of the double netal cyanide conpounds 5preferably have

t he genePhfuithlle aysnisdedige metal sajts havie (hengepergl Qraxlg (V) wherein 10M is
chosgmn fromone or nore netal cations of the group consisting of
Fe(ll), Fe(lll), Co(ll), Co(lll), Cr(ll), C(lll), M(Il), Mn(lI I#&,
Lr(L1l), Ni(ll), Ra(Ill), Ru(II)M(X/IIV) and V(V), preferably M (

one or nore netal cations of the group consisting of Co(ll), Co(lll),
Fe(ll), Fe(III) Cr(iir), tr(lll)y and N (Il), Y is chosen from one or
nore met &€l | ons of the group consisting of alkali nmetal (i.e. Lit,

Na+, K+, hmthos%)roﬁ@&rﬁétkl%hﬁdh‘éhﬁﬁfw&ﬁﬁwk (i.e. Ben, Can, Myn, Sr,
Ban) , 15A i s chosen fromone or more anjons of the gr oup con5|st|ng

of haPi désargiongor mprgdi¢-dffererts) aniangepreforablyi agenion shpsge fromhel gtoxp @éhalides (ie.
sul fate, aaaidoBRbSde, SXAREL Sodideli Ha%R/ARL &Hatbs&?%%@t SandtS Qﬁlbéﬂﬁéf@f}&k?anate

carboxyl ate, oxalate or nitrate and a, and c are i'ntegers, wherei
the val uésthiosyangte, %mﬁﬁwh@<§@bmﬁﬁé§@ﬁmsuch that the nmetal cyanide salt

has el eCE'isOf'@XtJﬁ fhie oartﬂnétéowngaﬁsraﬂ@l y 1, 2, 3 or 4, b is preferably
4, 5 or 6; refera has the val ue 0.
s is 41f = halide, hy roxide, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate or nitrate,

20

or suitable cyanide-free metal salts have the general formula (VI)
M(X), (V)

25  wherein
M is chosen from the metal cations Mo®" and W*®"
X are one or more (i.e. different) anions, preferably an anion chosen from the group of halides (i.e.
fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate, cyanate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, oxalate and nitrate;

30  tis 3 if X = sulfate, carbonate or oxalate and

t is 6 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate or nitrate.

Examples of suitable cyanide-free metal salts are zinc fluoride, zinc chloride, zinc bromide, zinc
iodide, zinc acetate, zinc acetylacetonate, zinc hexafluoroacetylacetonate, zinc 2-ethylhexanoate, zinc
35  benzoate, zinc nitrate, iron(Il) sulfate, iron(Il) bromide, iron(IT) chloride, cobalt(IT) chloride, cobalt(II)

thiocyanate, nickel(IT) chloride and nickel(Il) nitrate. Zinc chloride, zinc bromide and zinc iodide are



20 Exanpl es of sui

t nmetal cyanide salts are potassium
hexacyanocobal t at e(
I

bl e

1), potassium hexaiﬁanof errate(ll), potassium
hexacyanoferrate(ll1), cal cium hexacyanocobaltate(lll) and lithium
hexacyanocobal tate(l11). 25Preferred doubl e netal cyani de conpounds
whi ch the DMC catal ysts accordi ng to the invention conprise are )
conpound#agpulpterigiied and £oe whicsdy wad Fiye hrormidecare anost prefepred.| Yixtures of various
30wher ei gy Mdesfre%%e@ﬁgdlﬁ%ﬂadl%ﬁe%ﬂﬂy@d (I1rr) to (V) and M is as
deflnedlnforrma ), and x, x", y and z are integers and are
chosen such t hat the double nmet al cyani de conpound has
el eCtZ'r‘]?:"i%/)fgtarl%gé(lﬁﬂe) salt® R{hﬁ:ﬁ%‘@gjlﬁb% Tordthe )ﬁreﬁlrgmorﬁ’ﬁf e a&ﬁ)lezm‘talzcjsamde J:gmpounds
Cr (11%) @refwt&wha@ﬂmneé@l feymula (| tﬂébl e doubl e net aI hal i de conpounds
a) are zinc hexacyanocobaltate(lll), zinc 5 hexacyanoiridate(lll),
zi nc hexacyanof errateal E and cobal tél |) hexacyanocobal tate(El).
Further exanples of suitable dé¥bM({Bt&h): cyani de conpounds are ¥H) be
found e.g. in US 5 158 922 (colum 8, lines 29 - 66). Zinc
hexacyanocobal tate(l11) is particularly preferably used. It s also
possi bl e wheweint he doubl e metal cyani de catal yst to conprise one or

T € 1 Ur {A6J cHot o?ﬁ(bxﬁg)r mbk xhbtaaaaﬁéns'o@ ﬂécéﬁjdn% cBikishiRy Bﬂ"‘lﬁ‘e(ﬁ‘)n F@({H?Jr éB(?ﬁ Co(III),

al cohol . For t one ore nore further conplexin nmponen (

the comp&u@b: %{Iélwég(ﬂa)fMlpiHﬂ)yBﬂHbﬂ\é I pRBsRe(y V( Iayéé[r(ﬁbmaetf@@ly M' is one or
pol yal |l c I

Gt her s, ggﬁiﬁzt?lﬁﬁﬁs JE e BhE PaBRyL RO, YRV @y el e el S v,
aci d, poI yig &bespp fremapsp @r @erenmtélcetlca@oa)he gwwa@rsynmf Etlkath Iéetal (le Li", Na", K",
pol yaI | C‘R’b %%“)%@Llﬁﬁxneﬂ%l%ﬁét&lc(% B%Bt @gﬁMézagps BaPQ| yvi nyl et hyl

et her, polyvinyl ethyl ether, pol yvi nyl’ acét at’e, pol nyl al cohol,

15 péI3 y- K- i ¢hphanyfrota | ong on anore giippNok theyarenpr eaasiséngnet. é@d%ﬁcﬁ g1 fleoriglei ehloride,
p0| yvi “ylbrdﬁﬁﬁémbdlhét ‘ﬂ%@m@@ls\(](ﬁe }{a{rﬁ%latgh%%%t)a th@&lyé(l{aﬂsc %Icﬂza(flate, isothiocyanate,
aci d-co-styrene), oxazoline polyners, polyalkyl enéi mnes,” naleic aci
and mal efc# Wﬁﬁfd@e eopEitgmsr s, hydroxyet hyl cel | ul ose and

pol yacet ?' d%raréﬁategérygf}fé}’e}l Ebﬁﬁe%’f%&l, Ie{ 913%% %gabors&@p%w thEm@g! (glamde salt has

esters o yfunctlon esters or

am des t h@?témﬁutrﬁélgbba@d@s&rﬁblﬁé 2 émﬁm@p@er@&hﬁéméso preferhlydresithavalie 0.
carbgyylic acid esters or ionic surface- or 20interface-active
conpounds are enployed in the preparation of the DMC catal ysts.

Pr ef er abByamples tafestitaplgt metak pyhmde (velts raep anotesiiem bfxagyaeocpivBatslily| petpssium

enpl oyed héﬁEyatnBﬁertE@ﬁ,eﬁo?assmm hexacyanoferrate(IIT}, calcium hexacyanocobaltate(IIl) and lithium
hexacyanocobaltate(TII).

a
I
I
I

25  Preferred double metal cyanide compounds which the DMC catalysts according to the invention

comprise are compounds of the general formula (VIII)
My [M'x (CN)yl, (VIID),

30  wherein M is as defined in formula (III) to (VI) and
M' is as defined in formula (VII), and
X, X, y and z are integers and are chosen such that the double metal cyanide compound has

electroneutrality.

35  Preferably
x=3,x'=1l,y=6andz=2,



according to the invention, the agueous solutions of the netal salt
(e.g. zinc chloride), enployed in a stoichionetric excess (at |east

50 nol % based on the netal cyanide sarﬂ?‘that is to say at |least a
nolar 25 ratio of cyanide-free netal salt to netal cyanide salt of

2.25 to 1.00) and of the netal cyanide salt (e.g. potassium

hexacyandtoKa{lDak &) &edDredétietnd n the presence of the unsaturated

al cohol s pprwheyh IS, s ?glqg@ﬁ)ed al cohol (s) is/are contained either

in the aqueous sol ution of the cyanide-free netal salt, the aqueous
solution of the netal cyanide salt or in both aqueous solutlons SO
that a syspERSI OP sWktibkNdGRR ALAP nhile dRiRl&isTHt ab zﬁ%aﬂéxqgraﬁ&gpﬂﬂd@gll) zinc
(e.g. _zinc hexacyanocobal tate), water, excess cyanid free

salt and hexeyarnsideiadt) eting hestspinofesrard iead ¢obal(E) sheaenyerogebalipthdll). Further
further fesmal@sxa)mg.uﬁamﬂﬁetm&ﬁ 8 Ganifl REYSEHBCRE £ %n@re?QHtUﬁ 3 1910922
aqueous sol ution of ani d ree metal salt and/or of tThe netal

cyani de $ellymn %rlmiiﬂt29| §5h dlle&ncw@e@qbyltqwﬁﬂﬂh@agtws}]@émte&nahbbmsaﬁi ned

after precipitation of the double netal cyanide conpound It has

proved advantageous for the aqueous solutions of the cyanide-free

met al sallts asropessiblerer e deubleipatal eranide katalysifie eesimise aee o merg ferther complexing
unsatyr atll%ﬂ‘xd@hlcﬁaf?lloﬁ t@tﬁl@i.m Ta?e%%c@léa%r%h; %ﬁé 01Je lﬂlo} rt%?%@rﬁbﬁémﬁ%’éc'ﬁdoﬁéht(s)

of the cyani de-free aqueous sol ution
cyani de d@ny thercomnomtqhaswpédmbe@@ﬁum YisTs, pelticartipaatesy wphyelkylersnplyen isprgitan

conponents o BSIyisetk Wil }ggﬁf’ﬁheﬁ ' }561%53%'1 Hﬁ g&l?@&gﬁn% cfo%%g acid),

inthe first stép is then op y trea

one of t Relyagsyireacite rwlngﬂw@sﬁmoemlmg afiily pakygcrylenigile, mobyatkyk mrzeldtes polyalkyl
al cohol h a (o]

pr ef er ab% hgarrjg?é%% ﬁﬂjl)/vrlln)gq’nrreitt @I Ethgpvrgo ﬁﬁh\?\l}agtﬂﬁ &ﬂ% géiw}?%g?&g o%%wilﬁ alcohol,
conpdhenpolydy- gmyéw«glélp% Pply(hvisyleyeelidene- mm:é@sacfda)rpobamymn@ywomh@ly@

first st
Lt oy s neRyloheB) nwﬁéﬁéﬁﬁ%ﬁr Sftelth, oIl BRGRE A lSIBTE It ccid and

di sper semagic @é&*ﬂpb@wlmﬁr dd&omvhsls:és@ose W@Oéséipﬁalator lmidyl eth@réxrgémﬂgdes
to step Qér‘oéxy!xé R Eét&g o?%lﬁﬁ}{ﬂcﬁ&ﬁmlcgh’c% BfROWkst & L 5?&9 Rehs Op amekltﬁgeof
in the art, such for exa , centrifugation or | tration.

a prefer F&Pd@mﬁlnhémhowarcp@mundsa resrunshiuragedpeagenaiiéc wlégstemlqr)lomlhéurface or
sol i dgwh g n aqueous

ol Ut on e A e P B I of N B T

subsequent renewed isol ation by f||trat|on or centrlfugatlon) In

this rmn@?erferagl?rm%@rmét tep\Nﬁlt et 2 L &%h@'i%%ﬁl st3 L{eﬂ@ld}@d for the rocess
pot assi um ch] or'i de, can renoved fromthe catal yst acc the

i nvent i oﬁccoﬂl@fert%ﬁalweﬂﬁ@méhmﬁnw sgntiana 94 the meetad dalbleco hiot Chlwdememployed ina
agueous \s@&mof)ﬁtr&%&&&g camelasr% s@%}%%seh%ﬁ%@ﬂgal Juntthe st hased sgﬁatﬁéza a molar

total solution. one or nore er conp
conp@éhentaiiojod C)Cﬁﬁtdﬁtfﬁa mefal gedfde awtagcxah@e sadfrd 3128 tand i and oEibe uleiabwamde salt (e.g.

prefer ab#)bfta shund H&héﬁﬂ&%b farch Gl ME dqnﬁh@f&‘é e%]cé’%f e uPs%&%#edOﬂc&hHE §04ah the
anmount o Utl on O St ep I'S Nnoreover

advant ag émaélrﬂ*waquhel 9 dVdrejcontrinet eliles uUéemm@msaltu@@ Qfdhdmamﬁ@dnmrseh the
t han onc I i

(1 -1y "o B8 oY th MR iideaf e b Gt Aicobechioh 3 43 Mt Shich
r esus pendonignsaiid doues mgabeatanide sevedinil $of. amndexawalfopdﬂtaha@)L pRleprexcess cyanide-
centrhfu i reler el : |

by~ produccs el B AE kA IRl & AT Snis IBHELL B MO comploring
accor di ngomlwnﬁmdegnwnbfﬁtbw) cam bmprgsenmnhféap aquRghs saduloardl yhepeyahide-fioé yetal salt
t he anmou fo r

ot ween J7 o MRSRRRE & SPNAL odabs JiRa PSP RS L AR ERAN b BptaBon of
washi ng #teefpuble nnqtfﬂepyﬁludq prampowad Hi hep ls‘oequad@antage@)s foethermgpeauh golfifians tof the

washi ng §§a%ﬁejf§ee NG QLI?anp&Ctﬁe HetaP g%ﬁ{dglsal{,iuyﬁ%isein &{eecjr%oq‘p IquaRlpa?e% 2}19011013 are

35  contained either in the aqueous solution of the cyanide-free metal salt, the aqueous solution of the

metal cyanide salt or in both aqueous solutions, and the further complexing component to be mixed

with vigorous stirring. The suspension formed in the first step is then optionally treated with at least



pul verized before the drying. - 14 - A preferred nethod for

i solating the DMC catal ysts according to the invention fromthe
suspension by filtration, washing of thé3filter cake and drying is
described in WO- A 01/80994. The invention al so provides a process for
the preparation of polyether carbonate polyols fromone or 5 nore )
al kyl ene o8kiofidks akayptnshtiened odeleaing ligaedsote. gnyneatuspted) alopliad gl Pobietienefn this
subst ancegnif, iREuREEIRACHMb Rl prbRASE E’rﬂ;ﬁqu:ﬁ Al £ nIRLA wﬁ%(%&geand a further
cat al yst whi ch conprises an unsa}’gurat ed al cohol as a conpl exi ng

| i gand, cpaPladprecopragent{cghealyqthey). Pherefared) process derl cagyiag et ths diss tstendie. the
or a mx e, NTCHE t rt ek, n I

opt i onal }p;g plgrﬁﬁcénl gllt ItH; iﬁﬁéern %}é\@clgtjéa#{r%g odu? Eglblrozfggtalt gllriiu egozztgﬁ’ g%ﬁ?m%ﬁeégfembly
appr opr i &meloyingedst dgnersesps destrbed @4 109183t i | e conmpounds are

removed by el evated tenperature and/or reduced pressure ("drying"),

the DMC catal yst being added to the H-finictional starter substance

or the mnilhe saperang off aqcerding to siep € fspaticid ontdly tethaignesrkngwi tot thepsesoniskilled i the
or after } : fyvation (1) in a first

activati gﬁr%glg%gg)p%arnip?égééﬁﬂéaa}r%ﬁﬁrtfﬂ?%g%éd on the total anpbunt of the
anount of allcylene oxides enployed in the activation and

copolymenri i r kvl 0xl i t . :
it o oSBTy PoiitaClodglly @ 2Nl RS oD A p B Pt s TR fsaed i
of the pavhseamplihvashed itk ph aeeowxsolivion of ihsrrabdtyrated akehot &g iby desysrending and

the pres I%L ] 20 \a : .

t he terrpgé‘%ﬁjugfg pea ed%&'ﬂg{% ggﬁgﬁﬁ@ﬁ%?ﬂﬁ%g@é%%gmdgi&%&? ﬁ%r’gl%g)éa%@ehtwater

exot her niselullp &pipeadicts.suel #sartassiath ghlogded cap b renpved Bomahg ertalyse ageenlingdp the

then in . Ca [ i : i C, i i :

aftor tha F i PRLARE nirhed Pofho? 80K RGL: Fbp RlBh g bereen

steplia dBewhd widetbasadmurike tolshsobionn t he total anount of the anmount

of aficylene oxides enployed in the activation and copol yneri zati on)

of one or nore allcylene oxides is added to the mixture resulting

from t he Bpthectbid aigp.aenei arangre furdice pomplexife Fovgpoperss isbinsiofiadly add¢dsto the aqueous

addi tion : t : [ Io,

carri ed Sot iR REh praGIUY in B B ¥ oo S B IR R et o 48 amount of he

CO2, and viaphing sshper af wepdiibeak (" hot spot") which occurs due to the

subsgguent 30exot herm ¢ chem cal reaction and/or a drop in pressure

in the reactor then in each case being awaited. (3) optionally, in a

t hi rd acli $andrenyes adjgniggeohs far ks sidt Wiuelt hasnbesn dgpdatedatbtber washesl more than once.

tenper at %F&erﬁlﬁ@,kwésﬁﬁg NedarkiPa LREmPL ﬁfs?% I;ﬁa%f) Xﬁh‘g%ﬂf hif PaqueSlsCRIDA )of the

is repeated zero to Tive tinmes, prefera once 35to four timnes,

par ti cul apdajprasedefalephd| (o xtyc rgsysponrieg anti ssbsgdetint irorewef istlatiopaby filtration or

anount o ] : Lt I .d :

bei ng carelaRRRR b R SoDenbis BFChyiE Ik o bHAIR, WHCR potsssiom
5  chloride, from the catalyst according to the invention in this manner. Particularly preferably, the

amount of unsaturated alcohol in the aqueous washing solution is between 40 and 80 wt.%, based on
the total solution of the first washing step. In the fiuther washing steps (iii-2), either the first washing
step is repeated once or several times, preferably once to three times, or, preferably, a non-aqueous
solution, such as e.g. a mixture or solution of unsaturated alcohol and further complexing component
30  (preferably in the range between 0.5 and 5 wt.%, based on the total amount of the washing solution of
step (iii-2)), is employed as the washing solution and the solid is washed with this once or several

times, preferably once to three times.

The drying according to step (iv) is preferably carried out at temperatures of 20 - 100 °C and
35  preferably under a pressure (absolute) of from 0.1 mbar to 1,013 mbar. Preferably, the solid is
pulverized before the drying.



tenperature peak ("hot spot”) which occurs due to the subsequent
exotherm c chemical reaction and/or a drop in pressure in the reactor
then in each case being awaited, (04) oﬂ)‘ﬂronally in a further
activation step or further acti vati on steps, after the tenperature

peak 5 reached in the preceding activation step, step (03) is

r epeat ed fopréErredmethgdiop isglagng the gMQ edtlystsosecadipg tof thesinveritige §om the suspension by
par ti cul gidaioR ekRhABE e %@Lﬂema&ﬁl id dusGived el ¥ b%o%oésvbe part

amount or these additions of the part amounts of al kyl ene oxi de being
carried out in the presence of CX2, and the tenperature peak ("hot

spot ™) Whg%v@ﬁ:tﬁﬂra%o%ﬁe? atpp&es%%?istﬁgﬂl% tﬁ?ﬁ%?@l&/%ﬁ cﬁn)%ﬁgt@gth ols from one or
reaction and/or a drop in pressure in't reac en in each case

bei ng3 ana@icredkylaw qrides sabondioxige @deanle@ymefvé{émcu@@l siarter substonges i thx prgeence
are addedg Ethatsh&lerHoﬁﬁlU En%ta[ @'}%Hidte 'czﬂﬁygt Wﬂzg%&ﬁgn Pln un at%lrated ah:ohol as a complexing
("copol ynmeri zation"). I cyl ene oxi oyeé

copol ynefigongs P@Wc@aﬁfdb@thﬂﬁentl cal to or di fferent fromthe allcyl ene

oxi des enployed in the activation. 15In a preferred enbodi ment, the
particul ar part anmount of one or nore al kyl ene oxides which is

enpl oyed (@n thehd-fenstionah startas shbstageepren Bikture ofiat least twvoOH fimotiGhaDstevter Fybstances is
pref gpabl y Bpduchfly itafly throdooB ¥id 16 bl r

(based on the 1 Qyﬂmla t of e am)aurllé VBPJB?%‘]% @P‘lérﬁé&é%’%‘%é%ﬁ‘g n‘ﬁforé%er
in the acti \mﬂﬂbrvomt# wmumarpz@mpmd) by 2BSttep t¢rperatiforantifor reduced pressure
preparation g WW‘E af pﬁ(}g;

al |l cyl ene o>g IPQ% oxl d:a) ﬁ ng HSH ® #%%?Xé;ﬁ%%aﬂtﬂ%—&%%g&%%ﬁ%8Xture of
starter subgtlgwtew Hdumgiienal siyrter wbslh@eﬁb@@enc@eofheﬁnenm catal ysts
according to the invention, the Hfunctional starter substance or a

m xture of at least two H-functional starter substances is initially

i ntrddlucéd ifertte acheativeracti on vessel and, where appropriate, 25 water
and/or ot hege Gadise a\seé,a%ﬁ 58 %m%ﬂ%oagﬁﬁss%mmﬂe ol lafholit ({f%‘ieré nt of
out, for exanple, by strip ans o trogen Eotlona nder
reduced pr eghkmeet) oxjites bylp@b/@tt mltheaacnmtwm wwgdmmzaumévmqy neLe aikylm@mdes
50 to 200 Cjs Riaeh &f ARl ixff: | f

to 140 C TF‘ISI S pretreatlﬁent co tjn@%? sta te qyt‘ﬁﬁét gns(%faeofrgf %lpgxydgﬁfon]o?%e part
starter subgmaw eéalkﬁe@@ktde@pmﬂh@ be parripdot & the piesrged effCO-, but preferably in the
Si Mpbp i Cat kfnecSt &6, tlh 1 O pat

ini tlbal ly int r% uced 1 nat 0 tﬁﬁ%&eécﬁ %ﬁvesse S)tl )ﬁ%%{%ﬁ Olgg#uﬁ]ge ?Ologlgasqysequent
starter subsxethprmicothemisal restionapd/of a dropl in asessurevin e freastor ithenadh cadhagasebeing
substance, Qutidst is also possible for the DMC catal yst, which has

then been dried, to be added to the Hfunctional starter substance or
the m xture of H-functl onal starter substances only after the drying.
The DMC cat st 232530 08 f [ -
i an b an gl ana-erm et apRatit bt dbonRiay e Rl B BREAZ W AR aton
suspéhsi on, stehiassetond parefmeab{bpscld et thief apeanthiyherpayfit ctfhécylene oxides employed
H-functional, Akt Bliors MRsL.an - .
one or nore afhk Iétene10 oiﬁladeg gﬁd%tﬁ?rf)grf]g% ?/r o{n%t lé’ car% %‘%? gg}eg£IXture
carried out rea*flltleg fromahargdedigs oftivation e &beisg bessikteder ibis adﬂneomv&hmaet apfount
several sta | £.1.0 DME Gat

which is adBF gfkgsh{gg}glg‘?%@% naﬁsf'h& Pﬁ Qﬂgdr h‘q!ltolg tgé g%g%gnm (g”(r?al’ @J ﬁéferabl? in the
after the d;algqen@ @ff CO,, and the temperature peak ("hot spot”) which occurs due to the subsequent

30 exothermic chemical reaction and/or a drop in pressure in the reactor then in each case being

awaited.

(83) optionally, in a third activation step or further activation steps, after the temperature peak
reached in the preceding activation step, step (82) is repeated zero to five times, preferably once
35 to four times, particularly preferably exactly once, this addition of the part amount or these

additions of the part amounts of alkylene oxide being carried out in the absence of CO,, and the



5 the starter substance. If the DMC catalyst is added after the
drying of the starter substance, this catal yst should preferably
be dried, for exanple in a process anapgg%us to the drying of the
starter substance. The netering of one or nore al kyl ene oxides and of

the carbon dioxide can in principle be carried out in various ways.

The start ofeRRsEtHePeak (it s208") t"AKA GSPHE Bus 0Bk Wbteqeet Araliermiglpmigal reaction
previously sgl/ect&6h mrp@éaglﬁ§§luﬁ&eacT$}%dar1§9£cﬁ%§se Bang swlt-gf erably
established by passing in an inert gas, such as, for exanple,
nitrogen, the pressure (absolute) being establlshed at between 10

nbar to 10 l?@ﬁf) optib 1R iR RO TR Rk sFeB of filR@Er RNGtBA @lfeﬁ aRlnheRRpdR¥e peak
to 6 bar. In partlcularly preferred enbodi nent, the mxture o? one

or nofe st aﬁaéliwdsm Hstragreding @ﬁﬁldattqﬂétWPccﬁéhlﬁ yepeateceansy £ fiyg tmasnpreferaply once
(a) is chargegyraines ﬁa@%@a“r@tﬂiéf@ra@? é(xlé&f?‘ JnQQ t@xsta‘adl%xgﬁ) 0@1thea£ari &AMt or these

once, preferably three tines wt bar (absolute),

parti cul ar | ydgHEEEF Hisipprt 3mperits @ﬁﬁllfyl@apx@ab@@s @qu oupin thypresrapd of g, and the
(nitrogen OEenﬂaeﬂi@Q& Eeﬂ%shot sﬁs?') SHER cﬁr@urs B&r to%ﬁgéeﬁuen@E%@mﬁﬂ:ﬂerﬁi@ﬁr}wctmn
time imediately sequently’'to with mn the 1 ncreased pressure

i s reduced ?@ﬂ/‘f{f abch@p @mwrmnéye remtqrébqnam f-'aszb cape bwng awvaiiedi | ar | y

partijgul arly preferred enbodi nent, an inert gas (nitrogen or a noble
gas, such as, for exanP argon) assed into the mxture, which
resul ts {PoRneerporealkylens oxifs aad carbfr igide are pdde ks the mrtsre aprdlting domnasp (8)
catal yst at 'Q:oﬁcﬁjr/m&fzgﬁdﬁ“)eTﬁé alfcflg{@ ogtgiegexhﬁ n%!a(}orQhe @%ﬁglyﬂfer&atﬁ@n SRR ihdnBAL to
a reduced pressure (absol ute) from

20parti cul aPf ?lffﬁﬁeéﬁfm@wlkﬂlﬁwws ﬁﬁalpywnﬂs@ctﬁv@a@n is applied. Step
(7): The netering of one or nore al kyl ene oxides and of the carbon

di oxi de can be carried out sinultaneously or sequentially, it being
possildl e It grrrefamed gnbadimenbuthe petticelai pah aupeyof one or heerad k@nfapxldeszﬂhwh is
at once QfniYed Bl Bl LAGvARYRin LlABs @f—'qstmqg Ad 1. B’r“ﬁf/@r Bl ti‘? t§a%0R 9%,

dioxide is netered. The netering one or nore al ﬁéne xides is
carried ogticdarkiperblis? i 15wt %r(bwé] g Heitethl a}ﬂ@tu@t Ct hﬂ weeusbel alidsoe gaides
met er i Ng emboy&EM BeBloti@hiky hRING &%&Qﬁﬁu&fe enpl oyed for synthesis of

t he pol yet her carbonate pol yoF neterlng t hereof can be carried out

si mul t aneously or sequentially V|a in each case separate netering
oper api ORgy (Y Via one or nore netering operations, at |east two

al l cyl ene OXIdeS being netered as a 30m xture. Via the nature of the

met er i ng Fef the peeraiptienafpalyetgsy @donain golyils bheatdgickdaitian eksllidene; orides(epoxides)
possi bl e of P 5y Iaﬁﬁfdé Snf l%nﬁgﬁﬂcn@ﬁatl %faﬁ@xt Ed’lbgtanclaé ?&eﬁ‘fewl) KE R presence of the DMC
gradient-1like polyether carbonate polyols. Preferab an excess of

car bon diyslydeaccprggdo dis invsatiena thedl-Bmetdprahsarier s@ﬁta@ame mixfhis>af @eleast two H-
i ncor por gtfodal sthhg sﬁ@éta\ﬁ@éshﬁ rlmﬁﬁ fﬂﬂ'@&uececp QoY Bl redcfio mgg%ﬁ@’w%@%ropnate,
due to the slowness of carbon di oxide to react an excess

car béh divgler gad/pis otherepdibygeadaide cqm@ua%%mtremveé afbens edrosd ae, &arexpeple, by
det er m negly\ih 2 vy Ry 8F ﬂlt}ogng{ G%ﬁb’ﬁaﬁ%/ Lh‘ﬁgﬁ'rre{l) Ed Bﬂ:@gu éSL{:lraJy (iﬁﬁﬁﬁéxpﬁl yaguo at

condi ti ons. e range of from pre érab é
bar, par tampgraguresyofgroat & 00 °€rmﬁe@bky&0m@6%&, phdisulenhope fatbb’ abéOO to 1149 °C.

B advant qg.ﬁ%étre%t?neﬁlhgf &%%ﬂe} smséﬁ&u&e?ﬂxﬁﬁé 9&' E‘tfm%r s&gé‘tantc&‘e called drying in the
copol ynmeri zation for the preparation o e polyether car bonat e

pol yol s. fallowingsfor sipplifecetie’ e been found for the process according to

the h@vention that the copol ynerization for the preparation of the

pol yet her carbonate polyols is advantageously carried out at 50 to

150 C, pietiseeblieyt, te m@ép@alﬁtsa@be ﬁiwﬂdy witlaly Injroguced axathk yeagiionp@ssebin the H-

140 C an(flun\éﬁ(gnél Tté‘tép @ﬁﬁs{aﬁ&l cﬁ‘rtlllerQ( zéagtt b I-Iligngct'fo?naljsga(?tepsubgtgncz\ but it is also

t enrper at ur es C are est a e reaction cease
t enper at ppLbleatoie EEBT@ Qtalyss ‘ahiduhas tb¢n beed alksied.dblbe addedptogbies Hltfynctional starter

I ncr easegyfa8a dthe hfxtdrs of H[ﬁlg&{o% rs?aﬂpzlosugﬁalﬁ@sswl)? gﬁér *h?é dryﬁllg.efhet IB'I@IC catalyst

35 can be added in the solid form or as a suspension in an H-functional starter substance. If the catalyst is

added as a suspension, this is preferably added before drying of the H-functional starter substance(s).



cool ing surfaces and/or cooling surfaces in a punped circul ation,
dependi ng on the enbodi nent and 15 nDd? of operation. For safety
reasons, the content of free epoxide in ®he reaction mixture of the
stirred tank should not exceed 15 wt.% (see, for exanple, WO A

2004/ 081082; page 3; line 14). Both in the sem -batch use, where the
product |§WK@hDved only after the end of the reaction, and in the

conti nuoyse Hﬁ%nn%mr@ dr R rddAIRAHelox|des 51@%‘6%119 8Pk @%W&Mnd@l:stc%@feﬂ Bt after
is therefore to aid in particular to the netering rate of

epoxi de. herdryigg pbajs rt@roﬁuwevéa oF the Aniktygs of] %qveﬁiustaéterowb%tﬁ@es #1di the @cichtgm of the
action OfDNI(Ij Rat&134tDORich BAhIMOKIaABId b (RPRY%h U8 a §RBELRnSbHrd:L 6 £k ke drymg of

rapldly is possible to feed in the carbon di oxi de continuously ©

di scopt i ﬁh?cﬁe?gqeysubatﬁﬁ% Kidsdds canlysitieadied afiesdhecdsying gbthe stavies subptanep, this DMC
r apl dl y %ﬂﬂ?ﬂ&h&ﬂ&i pmﬁﬂ])eﬁe HH&H @&Qﬁh‘lﬁfﬂe'lﬁ a%c\e&%glbgoug Q %{b‘r?h@ of the starter

free PO yet er he amount of carbon di oxi de
t he pr es Stps@pocc Ahe @efelama tgf Pe owplieeﬂawépaﬁ Prdestaié obide FQTPWI@FICIQ ¢pa in prmmple be
epoxi de. cmlea SuPRSHHBhEwafsatHAkbY drnd Hﬁ{eﬁ@gs €an0{aké glaéeom a%achanlo?%&er a
constant the CO2 pressure during the addition of 25epoxi d
further PEISREY eclegtdortparessire Thetnmepressyre fserielerably eﬁtebhsberdeby passmg in an inert gas,

copolymegi&ak i efexkd 31%Pn1ﬂfageh Sth@ﬂ@{sﬁi%t(%sbﬁﬁngélﬁg ésﬂﬁﬁsh@(pfl b@fwe@ﬁ)[@ bar to 10 bar,
H- f uncti onal St arter ounds” are netered contl nuous

react or ey iWéﬂ?Bé&b § bas and prpigralilycQ nber to 16|bar. Inepartim 1Y§teé¢rteéremb0dlment
conpoundgWikfe ﬁ*oﬁe Hieﬁl&% %Qﬂ&%ﬂﬁétdﬁg&%h Yhe'IN1€ cSth?st‘?’&ﬁﬁﬂE ®8h s@@r({x)rﬁg charged,
the reaction is preferab Uﬁ | east 20 equi val en arti

pr ef er abpia teoperatugsofdeom 1091 °Erie 1HDT@@{ jepst e@s@hpre@@élybbrg@nm@mwm &5 et tall 0 bar
anount Ogab%lﬁtgﬂiias&l@ﬂﬁjl @:Eﬁfaﬁaﬁ/@ Gﬁrfpgl*lﬂfi?a)osolute) I ﬂb%%ﬁt’sr ﬁltl%%elf;@g @h&fﬁ"é Ees,
actlvate rocess/starter can f her) copol ymeri zed wit
epoxiléle awéi aéafpb@ﬁmeleo&rg@a aigh eqqhém@tlmeé@tebamseqwly éﬂ wiship s an@th@encreased
reacti on,ontaik RRhced P Bar (9@9&%5 Alfenlaﬁ@e@y F4 EQHBI‘N Qar‘ucuIarl} %re’fer}eﬁ eﬁh&ilmem
case of a tube reactor, the DMC catal yst Has op

act i vat edn BER@ee MAFRES and n9h1¢ dtbe 'é‘lcb 88| fog@?@mp@r arem}pbmsépdastow}aﬂ mlxase which
the epoxidenatdh 68y RNHLrdhON & e b RerRHTRACs GAM e BARE Shi¥yd Bf zpfégﬁaex@ture (ﬁ from

tube. The nolar ratios of the reaction partners vary atcordi ng
oot 1 od 5816 30 fs 350 pi e s f1HFHEMES ArsORHPDR A O Siabar,
I N hg§e bihibilsySHOERE HokhtR miPtdR0oAL, id pfiqy. S&Y S virtually liquid
form in order to render possible a better mscibility of the
conponents. For better thorough m xing of the reaction partners,
m xi ng ekgpeAts such as are marketed, for exanple, by Elideld
M krotechni K 'BTS GrbH, or m xer-heat exchanger el enents which
si mul t andbusrejeringpelfoore phaom wlkrlgne waidese ppd AF the carben digxide can be carried out
advant ag @i%ﬁgaeoams&k# qmau:yOlEMs 11)639916 160 B &ecafb%ﬁqw&fae td Biadded all
preparation of pol onat e ols. These Include in
genefal Plerse 91‘rb§ W“EW&%’@W? reﬁgjwaﬁur@ub@ﬁemb etie caherndiggide ﬁ@ret@sdawm getering
a jet | ogpm{e%@%;yalkm'e%kaldesa@cﬁhépoﬁﬁnﬁns{eeﬁs%ﬁpwsa&w@wo th barBon dioxide
| oop of tube reactors. The use of | oop reactor 1s of vant ag
parti cul geteppg dfisevershelkylsnoprides amnerprloyedapr satherie pbthe polyethar caa'bv@ate polyols
epoxi de %&ﬁﬁ@%}feﬁeﬁaf@dﬁ b%fegﬂaﬂegl oaesnhﬁwned % deheddiduf @ghﬂ &fh emgﬁ}a@e metering
conversion, a tube ("dwell tube") Is o F downstre
The pol yepfhi@}on@aar e T mglmh@n@ﬁ)@mramm, @t byst tt‘h@ alsylonreeddes beiog meﬁfged as a
to the inyemsion tﬁ@mf@oﬂtﬁ%s@faﬁge@thco&kﬁyne%fagy%%f%%ﬁ:aﬂ dgm it is possible
processed w thout problens, in particul reactron wt d?g
pol yi soc{sathesizetrandginy altemshiyg bbﬂph%}h@@r gridienpréike padygthgr catoaste phlgols.
pol yur et hane foans. For pol yuret hane uses, polyether carbonate
pol yol s whi ch are based on an H functional starter substance 20
whi ch haBreferfhlncan sresss tof carbont dibxidest bagedape the echlonlatofl yaneowpl 0f evdrborl hddoxide

pol yet hef, 63L0RA%hH thdRiYRhe BbROBALE, WerkdISeh! 85ESHRea SR HbWkst Bf carbon

35  dioxide to react an excess of carbon dioxide is advantageous. The amount of carbon dioxide can be

determined via the overall pressure under the particular reaction conditions. The range of from 0.01 to

120 bar, preferably 0.1 to 110 bar, particularly preferably from 1 to 100 bar has proved to be



25car bonat e polyols to be used nust conply with certain substance
properties, such as, for exanple, nolecular weight, viscosity,

pol ydi spersity, functlonallty and/ or hya?0xyl nunmber. - 19 -
Exanpl es The wei ght- and nunber-average nDIecuIar wei ght of the
polymers formed was determ ned by neans of gel rmeation

chr omat ogiﬂ\ﬁlﬁﬁgm@m}he ovpall iresevel beolvigls for heagap ﬁ@éowfqr liheDpiRparation of the
55672-1: %heéﬁ%ﬂﬁ@-f;&?&s 39 @ﬁﬂh@ﬂﬁcﬁ@ﬁ%n fg)&'atfoxlthe pr-ggésg ?&Xx@lft%ftb‘ hi@&Nn@Rtion

t he eIutlng agent " ystyrene sanpl es of known nolecul ar wei

wer e useéhahéIKecopelwm?%@H@afqrtsheapnewatwmé tm@imm@h@e@ Bolydls rﬁuam@zrtageously
was det e@ﬁﬁl@@gut'af]S%Cl@ﬁﬁ@rff&er%I% by d@ltmlw ar%culawr@kbﬂaayla@ym 1!4§ G@arﬁisvery

t he sol vent, however, instead hylene chlorid Titrat

was carr pagcdedy preferrblyig 10050 a0 a@ Ettﬁ?é\?%ﬁuifés ke CBRE %@Pt’rﬁftbhél@ﬂeth? irengtion
by means .ofek %&deféﬂf’ésr%))vc Es0he Qnbunof IndBir bt '&tsslﬁ,@ga'sés g?gatlpylt is
certificate functioned as the test substance. The unit state

"my/ g" r Ewderrore ¢ by Preorad/thyt pofy b elrm@aﬁrfmwattre apd regatwl]aturerﬁ@z @@ﬁs@seﬁwm the
of CQ2 i %Qs%&%%a@é %Ci”aﬂ 4 pgés?olé ﬁﬁ)%é i JaRkitEATRAA g&é ﬁ&l,ex,g{ c’man also

the ratio propyl ene 15 car on §$yet her "Car bonat e po

were det &f midf:édo (e 1eeciorsas @f sofid IamNm t(lBT prse int@EK 14l and®o smmencnnw |hs1@1d state
progg é the Wb b\ Db 't15§% ci‘u)se 10 s, 64 scans). The sanple was

di ssol ve geuterated I'oroformin each case. The rel evant

resonances |n the I'1l-NVR (based on TM5 = 0 ppn) are as foll ows:

cyclic cablonate g I?ea%i?s Jr@rt{{ﬁgre%?tora s@ﬁ‘ dio 'Ejgcrlp) reh &GO By &ﬁe aﬂo %m%onate
ppm carbonate,” resulting from carb | ox1 de I ncor por ﬁ

pol yet hepolyals lsenbs rrepetdyinja S(lfreﬂb@lﬂarﬁ@e%lrfa@ tagk being caplgl ipibe, reagm Ea]@ftt,eldtemal
PO with E@(ﬁﬁl@%ﬁ‘l@lrceéﬁnd%r%ocﬂﬁ sm@é%@’ rpntahﬁ{ ;QQ lcﬁf&hatﬁ)h &pen‘%n%rbgl{ﬂe embodiment and
I ncor por at ed carbon di oxi d resonances at the

1, 8- ég t afede of operaien erbﬁﬂﬁttse@ams ttlmomﬂlﬁt@ﬁ &e¢ @m&!de it the teetrtloommt@mmﬂ the stirred
with ar T f

car bonat &y an s erde1s At (%, PEBlanlt W 200 0B L Sl &, k), Boih in the
cal cul at éemighetchugs, detedhd medugt i la rf(m@yd ey pitritieagnd of the rdaglidngguidrig the continuous
abbr evi ahéé) %CIQQhé-I B&?g reﬁgﬁd%ntmugﬁsﬁa af?énh%p%t'hgr?lg%at'a%% 1rAr gg’rtlglgsp to the

for cyclic carbona 8 (corresponds to an
t he resomgivcias ste o the epogidg diis fadhe adivbtpsush that mrsbivhefitee lplmbnylog actiod oBihe Bhrbon

at omyf or dfb)(ﬁ]la,' %eC@;;oQ%altegcts sufficiently rapidly. It is possible to feed in the carbon dioxide

continuously or discontinuously. This depends on whether the epoxide is consumed rapidly enough

and whether the product is optionally to contain CO,-free polyether blocks. The amount of carbon
dioxide (stated as the pressure) can equally be varied during the addition of the epoxide. It is possible
gradually to increase or to lower or to leave constant the CO; pressure during the addition of the

25  epoxide.

A further possible embodiment in the stirred tank for the copolymerization (step v) is characterized in
that one or more H-functional starter compounds are metered continuously into the reactor during the
reaction. The amount of H-functional starter compounds which are metered continuously into the
30  reactor during the reaction is preferably at least 20 equivalent mol%, particularly preferably 70 to

95 equivalent mol% (in each case based on the total amount of H-functional starter compounds).

The mixture of catalyst activated by this process/starter can be (further) copolymerized with epoxide
and carbon dioxide in the stirred tank, but also in ancther reaction container (tube reactor or loop

35  reactor).



30A(2.4) = area of the resonance at 2.4 ppmfor free, unreacted PO

A(1.2-1.0) = area of the resonance at 1.2-1.0 ppmfor polyether

pol yol A(1l.6-1.52) = area of the resonaﬁ%e at 1.6 to 1.52 ppmfor

1, 8-octanediol (Hfunctional starter compound) - 20 - A(5.1-4.8)-

4(4 5) LC=*100 A(5.1-4.8) + A(2.4) + 0.33 * A(1.24.0) + 0.25 *

A(1. 6- 1. hipfheTawe ofe; the reecmit BaDOMCG patglystoyhiel has opyorally besndedvated storehaed, and
LC) in fmﬁcﬁo%gicgtarep caﬁlﬁ@uﬁa G Wes af aie%ybﬁa@&d%%ﬁchad}meta??\lﬁﬁﬁﬁuIcamira%usly
LC = [A(S. 1 8) 5)]1*102 *100 t he val ue
den om g N?e ap ﬁ@ aéaat@a pﬁthéde@e@madtmg virg apending o thepgsired pplymer. In a
A(5. 1 g?@f erfli%mbobintA tAb8n %}oxi'dgzlg"%(ét)eré@ 5§e*59 B RS %&;;'er&mlal%mﬁ%ﬁé% €20 say

A(l. 6- 1 2)*146 (X The factor 102 resul ts fromthe sum of

mol ecdll arirtyellyy Hewd dermedp ofdgipioeiendes posaiilayih betip mggoihility ofitlee ¢omppnents. For better

propyl en%o@éﬂgﬂ%&ﬁglo?qw ﬁ‘:ﬁcti@ﬁ';ﬂﬂﬁer?%lg{nm&nen{s haof act@ rma?@etéﬁ?&' e%émple by

fromthe nol ecul ar WEI% propyl ene oxide and the factor
resul ts Ehefpld ivikrosgsheik TérGI@hﬁI gﬁtmlmf-lleﬁeﬁxf-haﬁgﬂﬁ@im@nfaIWhgﬂlaﬁFm'éﬁaIICOUSlY improve

enpl oyedﬂmlm%ng%@feﬁfmIofhéghﬁew@dagéageoﬁgpmﬂaﬁed(' nw.% of cyclic

carbonate (CC) 'in the reaction mxture Wwas cal cul ated according to
formul a (XII) 20

10 Even loop reactors can be used for the preparation of polyether polycarbonate polyols. These include

(
5
("
[

in general reactors with recycling of substances, such as, for example, a jet loop reactor, which can
also be operated continuously, or a loop of tube reactors. The use of a loop reactor is of advantage in
particular because back-mixing can be realized here, so that the epoxide concentration should be low.
In order to realize complete conversion, a tube ("dwell tube") is often installed downstream.

15
The polyether carbonate polyols obtainable by the process according to the invention have a low
content of by-products and can be processed without problems, in particular by reaction with di-
and/or polyisocyanates to give polyurethanes, in particular flexible polyurethane foams. For
polyurethane uses, polyether carbonate polyols which are based on an H-functional starter substance

20 which has a functionality of at least 2 are preferably employed. The polyether carbonate polyols
obtainable by the process according to the invention can furthermore be used in uses such as detergent
and cleaning agent formulations, drilling liquids, fuel additives, ionic and nonionic surfactants,
lubricants, process chemicals for papermaking or textile production or cosmetic formulations. It is
known to the person skilled in the art that, depending on the particular field of use, the polyether

25  carbonate polyols to be used must comply with certain substance properties, such as, for example,

molecular weight, viscosity, polydispersity, functionality and/or hydroxyl number.



CC - A(4.5)* 102 *100% Xl 1) the value for N being cal cul ated
according to formula (XI). In order to %glculate fromthe val ues of
the conposition of the reaction m xturé*the conposition based 25 on

t he pol yner content (consisting of polyether polyol, which was built
up fromthe starter and propyl ene oxide during the activation steps
whi ch t odkkampkse under C2-free conditions, and pol yether carbonate
polyol, built up fromthe starter, propylene oxide and carbon di oxi de
during the activation steps which took place in the presence of CO2

and dur i fgeveightc spbmymherpyemgearicculanweiglins gisi nphimersdorad;was dpterniagd bypecans
reactiong Eﬂé tbf@afidn &noxﬁéf&%réﬁy@@ﬁ@)\’&ﬁ@&o@@ﬁﬁ%ﬁ&a&&%&@%ﬁﬁﬁ]ﬁ%ﬁ%ﬁdl "Gel
propyl ene 30 oxide present) were elimnated by cal cul ation. Th

wei ghf c@rEsaliongghrerpdography bt b - deedydiofgan s the elufing pgeni oPglestyrene samples of
car bonat %Mmlecmsm@g@%{eh@&ﬂe&tfermemn;&hg content of carbon

di oxi de by nmeans of the factor 441(44+58) The COZ content in the
pol yet her carbonate pol yol stat ed ("C2 incorporated”; see the

fol I owi ngye X RInGsr @ﬂémlﬁmu@lbér) “Aa§d§éraméwa&&qa&ce “Atmm%w& g%dm@ﬁemg

pol yet her carbonate pol yol nol ecule which was forned during

copol ynempeats G saivent, Wiféf?‘-’éfs alﬁﬁﬁﬂﬁémf i ifémethylencaehlqridat Tigmtion. W2~'>1 carright eyswith
in the pr()%siﬁé'l&eetﬁgnoﬁt‘,o%&i (e%d p%ﬁ'l? d&@d?ﬂ)ﬁ @)5' rﬁ)efanst be cﬁ&%t%ﬁ‘q%t}i]ﬁr Cg;.‘?({) n@fﬂ?an OH

pol yol nolecule which results fromthe Starter l318octane

f r om t he npebgstspenifieds byt prstiBeate fupetionpd hs ﬂ,npds@it debsigh¢ec Ahovasit s@ted dn dwa/ef relates
Co2- freet&ﬁ?@dH]@?ﬁoly@ﬁsr@zﬁBoﬂa@%@@o {into account here). S5Exanples 1 to

6: The catalysts Wwere prepared as f]ol | ows: Exanple 1 (conparison):
Preparation of a catalyst which is not according to the invention and

i's basedgp cén%{n% r;)ilo(lB'é);;’Hr B Qrpokhed ﬁQB@}eylﬁﬂr?%ﬁ/eﬁl'&le&%oﬁge Wbl&r& aﬁﬁ' tlf%gﬁﬁnrcﬁ#yﬁylene

according t mWO-A O sol ution
zi nc 1&hl &arbenats tﬁ rolypthgr eAbapis rolyobeieiesrmiapiiby BEang oéthl\B\fIR (Brekern BPX 400,

was circ r41c S 08 et s
accor di ngb?gﬂ% aﬁulé%{r)%r?nm @Ogalfl%gl%lg dhla\(}lmriJ 633%%8) ﬁzlgfgﬂ 2 R?Js (sgsc’lved in
F

m). As lmrafsﬁhcld@m@@mgn éerchﬁ@ieaﬂmrelﬁméwm@mwdbﬁﬁwKb@seéwsTMﬂf;Oppm)
in 332 g,Rfas@diiphsl | ed water was metered into this mxture. The

pressure loss in the jet disperser during the nmetering and the
subsequeRYcligicrbonaia (vwchpeasifermedas a Dy-grogugt) rexmancdia hé pemosarosatmerdsultig from
thenogi r euhat %xfd@rmcc;lrporﬁgd i) @h@%ol?&h&; a%ﬁgte o%f%x%wngncle9?§ 51Nt B8 ppmy),
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80 min at 50C under a pressure loss in the |ét disperser of 2.

230 g of cemeougd.syibrasiespmanssehl-ftod W filtered in a pressure f| I ter
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during t k¢mpaypdr ati on was 2.5 bar. The dispersion formed was then
circulated 30 for 60 mn at 50 C under a pressure loss in the jet

35  Taking into account the relative intensities, the polymer-bonded carbonate ("linear carbonate" LC) in

the reaction mixture was converted into moi% according to the following formula (IX}:



- 22 - Exanple 3: Preparation of a catalyst according to the

i nventi on based on 2-nethyl -3-butyn-2-0l _The catal yst was prepared
with an apparatus according to Fig. 4 f#8m Wo- A 01739883. A sol ution

of 258 g of zinc chloride in 937 g of distilled water and 135 g of
2-met hyl -3-butyn-2-ol was 5 circulated at 50 Cin a |oop reactor
conprising a jet_disperser acc¥Pdidd)t8(4g. 2 from WO A.Q34 39883 (IX)
havi ng a bore (diagret.8y +Qa(Z.4nm) 0.28 sal(uzi1.0n-+00.226 Al.64.5pot assi um
hexacyanocobal tate (0.078 nol) in 332 g of distilled water was

nmetered into this mxture. The pressure loss in the jet disperser
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circulated for 80 mip.at264-¢Bindéd-da’ B2 esqure 1oss in the jet X
di sperser of 2.5 bar 230 g of whe dlsper3|on obtained were filtered
in a pressure filter of 20 cnB filter area and then washed with a

m xture of 82 g of 2-nethyl-3-butyn-2-ol, 42.3 g of distilled water
and 1.7 gheofalup Gdryp('dppntraerlSybenreodalchaf2 accbhngta sdimdlaf(KI)t er cake was
pressed off nmechanically between 2 strips of filter paper and finally
dried for 2 h at 60C under a high vacuum of approx. 0.05 bar
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i nvention based on 3-nethyl-1-pentyn-3-0l The catal yst was prepared %
wi th an apparatus according to Fig. 4 fromWO> A 01/39883. 20 A (XD
solution of 258 g of zinc chloride in 937 g of distilled water and
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during thm@b@@ﬁﬂﬂkxmﬁmmas 2.5 bar. The di spersion forned was then
circulated 25 for 60 mMmat 50 C under a pressure loss in the jet

di sperser of 2.5 bar. Thereafter, a mxture of 5.7 g of

3- et hyl The p&:li'ghy reoBdemd| (in B5Y)gofodyclic sirbblaed (@) @r thandac?ién Gnigtued was calculated
pol yprop Ien was netered in and the di spersion was then
circulaté%x? mﬁg% “H%gﬁ95o C under a pressure loss in the jet

di spepser of 2.5 bar. 230 g of the dispersion obtained were filtered

in a pressure filter of 20 cq? E :ter area and then washed 30 with a

m xture of 82 g of 3-nethyl= 180wl , 42.3 g of distilled wategxm
and 1.7 g of polypropyl ene glyc®l 1000. The washed filter cake was

pressed @fef vaﬁg%}mrﬁ? JHMUQ%H\Q&%FHI t%tﬂgrhﬂﬁl 5&? filter paper and finally

dried for at 60 under a high vacuumof® approx. 0.05 bar
(absolute). Exanpl e 5: Preparation of a catalyst according to

the invegt 61‘85} tQ @aclﬁgatQ ﬁ"()l:ﬁ tﬁ'ga\rrali%ls 0111:119 Qﬁﬁ%orém%n 9}' thd ﬁ-‘.@ﬂﬂ) %ﬁi%re' tﬁéj%ogﬁj rTéﬁio based
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carbonate polyol, built up from the starter, propylene oxide and carbon dioxide during the activation
steps which tock place in the presence of CO, and during the copolymerization), the non-polymer
constituents of the reaction mixture (i.e. cyclic propylene carbonate and any unreacted propylene
30  oxide present) were eliminated by calculation. The weight content of the carbonate recurring units in
the polyether carbonate polyol was converted into a weight content of carbon dioxide by means of the
factor F = 44/(44+58). The CO, content in the polyether carbonate polyol stated ("CQ, incorporated";
see the following examples and Table 1) is standardized to the content of the polyether carbonate

polyol molecule which was formed during the copolymerization and, where appropriate, the activation



vigorous stirring (10,000 rpnm) and the m xture was then stirred
vigorously (24,000 rpnm) for a further lglnin. Thereafter, a m xture
of 0.4 g of 3-nethyl-|-pentyn-3-0l and 2.1 g of pol ypropyl ene glycol
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35  with a mixture of 82 g of 2-methyl-3-buten-2-ol, 42.3 g of distilled water and 1.7 g of polypropylene

glycol 1000. The washed filter cake was pressed off mechanically between 2 strips of filter paper and
finally dried for 2 h at 60 °C under a high vacuum of approx. 0.05 bar (absolute).



Exanpl e Catal yst from Exanple Al cohol Zinc salt Time 1 [mn] CO2
I ncorp- orated bvt.Nu Cyclic / linear gﬂbonate selectivity OH
nunber [nmg of KOH g] Pol y-dispersity 7'? onp.) 1 (conp.) tert-
butanol znCl2 84 19.1 0.14 57.6 (2) 1.55

Example 3: Preparation of a catalyst according to the invention based on 2-methyl-3-butyn-2-ol
The catalyst was prepared with an apparatus according to Fig. 4 from WO-A 01/39883.
A solution of 258 g of zinc chloride in 937 g of distilled water and 135 g of 2-methyl-3-butyn-2-o0l was
5  circulated at 50 °C in a loop reactor comprising a jet disperser according to Fig. 2 from
WO-A 01/39883 having a bore (diameter 0.7 mm). A solution of 26 g of potassium
hexacyanocobaltate (0.078 mol) in 332 g of distilled water was metered into this mixture. The pressure
loss in the jet disperser during this operation was 2.5 bar. The dispersion formed was then circulated
for 60 min at 50 °C under a pressure loss in the jet disperser of 2.5 bar. Thereafter, a mixture of 5.7 g
10 of 2-methyl-3-butyn-2-0l, 159 g of distilled water and 27.6 g of polypropylene glycol 1000 was
metered in and the dispersion was then circulated for 80 min at 50 °C under a pressure loss in the jet
disperser of 2.5 bar.
230 g of the dispersion obtained were filtered in a pressure filter of 20 cm” filter area and then washed
with a mixture of 82 g of 2-methyl-3-butyn-2-ol, 42.3 g of distilled water and 1.7 g of polypropylene
15  glycol 1000. The washed filter cake was pressed off mechanically between 2 strips of filter paper and
finally dried for 2 h at 60 °C under a high vacuum of approx. 0.05 bar (absolute).

Example 4: Preparation of a catalyst according to the invention based on 3-methyl-1-pentyn-3-ol
The catalyst was prepared with an apparatus according to Fig. 4 from WQ-A 01/39883,

20 A solution of 258 g of zinc chloride in 937 g of distilled water and 135 g of 3-methyl-1-pentyn-3-ol
was circulated at 50 °C in a loop reactor comprising a jet disperser according to Fig. 2 from
WO-A 01/39883 having a bore (diameter 0.7 mm). A solution of 26 g of potassium
hexacyanocobaltate (0.078 mol) in 332 g of distilled water was metered into this mixture. The pressure
loss in the jet disperser during this operation was 2.5 bar. The dispersion formed was then circulated

25  for 60 min at 50 °C under a pressure loss in the jet disperser of 2.5 bar. Thereafter, a mixture of 5.7 g
of 3-methyl-1-pentyn-3-ol, 159 g of distilled water and 27.6 g of polypropylene glycol 1000 was
metered in and the dispersion was then circulated for 80 min at 50 °C under a pressure loss in the jet
disperser of 2.5 bar.

230 g of the dispersion obtained were filtered in a pressure filter of 20 ¢cm” filter area and then washed

30  with a mixture of 82 g of 3-methyl-1-pentyn-3-ol, 42.3 g of distilled water and 1.7 g of polypropylene
glycol 1000. The washed filter cake was pressed off mechanically between 2 strips of filter paper and
finally dried for 2 h at 60 °C under a high vacuum of approx. 0.05 bar (absolute).

Example 5: Preparation of a catalyst according to the invention based on 3-methyl-1-pentyn-3-ol
35  and zinc iodide
A solution of 2 g (6 mmol) of potassium hexacyanocobaltate in 25 ml of distilled water was added to a

solution of 46.9 g of zinc iodide in 73.5 g of distilled water and 10.5 g of 3-methyl-1-pentyn-3-ol with
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vigorous stirring (10,000 rpm) and the mixture was then stirred vigorously (24,000 rpm) for a further
10 min. Thereafter, a mixture of 0.4 g of 3-methyl-1-pentyn-3-ol and 2.1 g of polypropylene glycol
1000 in 12.3 g of distilled water was added to the suspension formed and the mixture was then stirred
vigorously (10,000 rpm) for 3 min. The solid was isolated by a filtration over a Biichner funnel and
then stirred (10,000 rpm) with a mixture of 27.3 g of 3-methyl-1-pentyn-3-ol, 14.2 g of distilled water
and 0.6 g of polypropylene glycol 1000 for 10 min and filtered again. Finally, it was stirred
(10,000 rpm) once more with a mixture of 39 g of 3-methyl-1-pentyn-3-ol and 0.3 g of polypropylene
glycol 1000 for 10 min. After filtration, the catalyst was dried for 2 h at 100 °C under a high vacuum
of approx. 0.05 bar (absolute).

Example 6: Preparation of a catalyst according to the invention based on 3-methyl-1-pentyn-3-ol
and zinc bromide

A solution of 2 g (6 mmol) of potassium hexacyanocobaltate in 25 ml of distilled water was added to a
solution of 33.1 g of zinc bromide in 73.5 g of distilled water and 10.5 g of 3-methyl-1-pentyn-3-ol
with vigorous stirring (10,000 rpm) and the mixture was then stirred vigorously (24,000 rpm) for a
further 10 min. Thereafter, a mixture of 0.4 g of 3-methyl-1-pentyn-3-ol and 2.1 g of polypropylene
glycol 1000 in 12.3 g of distilled water was added to the suspension formed and the mixture was then
stirred vigorously (10,000 rpm) for 3 min. The solid was isolated by a filtration over a Biichner funnel
and then stirred (10,000 rpm) with a mixture of 27.3 g of 3-methyl-1-pentyn-3-0l, 14.2 g of distilled
water and 0.6 g of polypropylene glycol 1000 for 10 min and filtered again. Finally, it was stirred
(10,000 rpm) once more with a mixture of 39 g of 3-methyl-1-pentyn-3-ol and 0.3 g of polypropylene
glycol 1000 for 10 min. After filtration, the catalyst was dried for 2 h at 100 °C under a high vacuum
of approx. 0.05 bar (absolute).

Examples 7 to 12: The catalysts were tested in the preparation of polyether carbonate polyols

as follows:
141 mg of dried DMC catalyst according to one of Examples 1 to 6 (see following Table ) and dried
51 g of 1,8-octanediol (H-functional starter compound) were initially introduced into a 1 litre pressure
reactor with a gas metering device. The reactor was heated up to 130 °C and rendered inert by repeated
charging with nitrogen to approx. 5 bar and subsequent letting down to approx. 1 bar. This operation
was carried out 3 times. 25 g of propylene oxide (PO) were metered rapidly into the reactor at 130 °C
and in the absence of CO,. The activation of the catalyst manifested itself by a temperature peak ("hot
spot") and by a drop in pressure to the starting pressure (approx. 1 bar). After the first drop in pressure,
20 g of PO and then 19 g of PO were metered in rapidly, as a result of which in each case a
temperature peak and a drop in pressure in turn occurred. After the reactor had been charged with
50 bar of CO,, 50 g of PO were metered in rapidly, as a result of which a temperature peak occurred

after a waiting time [time 1]. At the same time, the pressure of carbon dioxide CO, started to fall. The
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pressure was regulated such that when it dropped below the set value, fresh CO; was added. Only then
was the remaining propylene oxide (435 g) pumped continuously into the reactor at approx. 1.8 g/min,
while after 10 minutes the temperature was lowered to 105 °C in steps of 5 °C per five minutes. When
the addition of PO had ended, stirring was continued (1,500 rpm) at 105 °C under the abovementioned

pressure uniil no further consumption of CO» was observed.

Table 1: Preparation of polyether carbonate polyols

Example | Catalyst Alcohol | Zine Time 1 | CO, Cyclic / linear | OH Poly-
from salt [min] incorp- carbonate number dispersity
Example orated selectivity [mg of
(wt.%]) KOH/g)
7 ! ter | zncn | 84 19.1 0.14 5769 | 155
(comp.) | (comp.) butanol 2 : ) . :
2-methyl-
8 2 3-buten-2- | ZnCl, 15 23.5 0.20 65.2 1.73
ol
2-methyl-
9 3 3-butyn-2- | ZnCl, 15 22.1 0.11 56.9@ 1.67
ol
3-methyl-
10 4 l-pentyn- | ZnCl, 24 28.0 0.28 82.5 2.03
3-0l
3-methyl-
11 5 1-pentyn- Znl, 20 223 0.32 82.1 1.79
3-0l
3-methyl-
12 6 l-pentyn- | ZnBr, 12 224 0.35 82.5 1.67
3-ol

comp. = comparative example

(1) CO; content in the part of the polymer formed in the presence of CO; (i.e. the contents of starter
and polyether which forms during the activation under CO,-free conditions are left out of the
calculation).

(2) OH number of the reaction mixture, the propylene carbonate formed not having been separated off
beforchand.

It is clear from the results of Table 1 that the replacement of tert-butanol (Comparative Example 7) by
the unsaturated alcohols leads to a higher incorporation of carbon dioxide into the polymer
(Examples 8 to 12). Examples 10 to 12 show, with the aid of a DMC catalyst with 3-methyl-1-pentyn-
3-ol as a ligand, that the halide of the cyanide-free zinc salt has an influence on the incorporation of
carbon dioxide and the time required for activation of the catalyst under carbon dioxide: At a content

of CO; incorporated which is increased significantly compared with tert-butanol as a ligand, the time



22.3 0.32 82.1 1.79 12 6 3-nethyl- 1l-pentyn- 3-ol ZnBr2 12 22.4 0.35
82.5 1.67 conp. = conparative exanple %9( 1) CO2 content in the part
of the polymer fornmed in the presence of"C2 (i.e. the contents of
starter and poI yether which fornms during the activation under
C2-free con i ons are

ut of thg | c. Iatllon 12% QL}
of the r &REFLHT ﬁfts&ﬂmneo %eatﬁy%ﬁweé EroeBgHs e 1?’6‘%“%& i lﬁ?qmg been
been sepatiaéed wathfzidefroh@bamample 12). The highest content of CO, incorporated of 24 wt.% was
achieved with 3-methyl-1-pentyn-3-ol and zinc chloride as the zinc salt (Example 10). The unsaturated
alcohol ligands also advantageously reduce the waiting time up to the temperature peak during the

5 activation under carbon dioxide (time 1).
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7. Process according to claim 1 or 2, wherein the DMC catalyst is prepared by a procedure in
which

(i) in the first step an aqueous solution of a cyanide-free metal salt is reacted with the

35 aqueous solution of a metal cyanide salt in the presence of one or more organic

complexing ligands, wherein one or more unsaturated alcohols is contained either in the



- 27 - aqueous solution of the cyanide-free netal salt, the aqueous
solution of the netal cyanide salt or iE bot h aqueous solution, (ii)
wherein in the second step the solid is géparated off fromthe
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pot assi um hexacyanocobal tate(l11), potassium hexacyanoferrate(11),

pot assi um hexacyanoferrate(l11), cal cium hexacyanocobaltate(lll) and
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10. Process according to claim 7, wherein the cyanide-free metal salt employed for formation of
the DMC compound is zinc chloride, zinc bromide or a mixture of zinc chloride and zinc

bromide.

25 11, Process according to claim 7, wherein the metal cyanide salt employed is chosen from at least
one of the group consisting of potassium hexacyanocobaltate(Ill), potassium
hexacyanoferrate(Il), potassium hexacyanoferrate(Ill}, calcium hexacyanocobaltate(III) and

lithium hexacyanocobaltate(I1I).

30 12, Process according to claim 2, characterized in that
(o) the H-functional starter substance or a mixture of at least two H-functional starter
substances is optionally initially introduced into the reaction vessel and, where
appropriate, water and/or other readily volatile compounds are removed ("drying"), the
DMC catalyst, the H-functional starter substance or the mixture of at least two H-
35 functional starter substances being added before or after the drying,
(8) alkylene oxides and carbon dioxide are added to the mixture resulting from step ()

("copolymerization").



(0) allcylene oxides and carbon dioxide are added to the m xture
resulting fromstep (a) ("copolynerizat ?ﬁn) -28 - 13.Process
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tenpérature peak EPORIIYPEHCOYrS fif te khepbisAeny erothegmiciracaig Jeagtiemind/or a drop
exot herm ¢ chem cal prése@s i 18ereadel thdn id eAbh@ikeibBinpPh®&GsEdI € i N the reactor
then in each caseggei,n awai ted. one or rmée a Icyl ene_oxi des, and

carbon di oxi de ar #2ad8detsd erEAM HER after daq eMPRGTFG BIpkJrasped i the preceding

(" copol yneri zat i ofctivationldep?a0RESS RECHEEN Batdd @Nhe Abtalhiduld of 1R ahdunt of
characterized in tﬂﬁt t he DMC tgl,ysge conpri ses, no
)'B]'3

; a .
hexani t r omet al | at #XYRS gmﬁ?@zwﬁ% agtpptions angd eenobyiegipation) afheng poere

met abpion). alkylene oxides is added to the mixture resulting from the preceding activation step, it
being possible for this addition of the part amount of alkylene oxide optionally to be
carried out in the presence of CO,, but preferably in the absence of CO,, and the
temperature peak ("hot spot") which occurs due to the subsequent exothermic chemical
reaction and/or a drop in pressure in the reactor then in each case being awaited.
25 (y) one or more alkylene oxides and carbon dioxide are added to the mixture resulting from

step () ("copolymerization™).

14. Process according to one of claims 1 to 13, characterized in that the DMC catalyst comprises

no hexanitrometallate units [M*(NO,),]** (M is a trivalent transition metal iomn).



