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25  US3 404 109 .c_i§§cribes;-thf;_ 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
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According to the current state of the art, the copolymerization of at least one alkylene oxide and
carbon d10x1de 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.
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35 metai 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.
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The polyether carbonate polyols obtained according to the invention in general have a functionality of
at least 1, preferably of from 2 to 8, particularly preferably from 2 to 6 and very particularly preferably

from 2 to 4. The molecular weight is preferably 400 to 10,000 g/mol and particularly preferably 500 to
35 6,000 g/mol, = . -



amnes (e.g. so-called Jeffam nes(r) from Huntsman, such as e.g. D230, D- 400,
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modi fi ed nomEotiongThe aligylgnepxides |hg4n§gc?e24| qaésn ofom§ axm fpr a@mdls,, ong ndm@t <@Rpbuadsky |

fatty acid cﬁ&%nﬁlﬁﬁmeé eldus @mrsﬁr@eof%yﬁx@&a&e p%¥1gx§?éad§(2: ! %ee,g?ggdgugﬁg P@ﬁ{ecom e

nol ecul e. B Wazy X e, G -C24-al k
on average Oéid | g4 yl(’j c&%@?e ‘iﬁ'fg B%W%P’é‘??@rl lepeérfe’éﬁ ?B‘dﬁ?n%? BFEIne pridd detedySuch as
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overnD r ol e types
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used are: %ﬁt&@ﬂﬂide &Itanﬁéﬂglmongxlcpér %ﬁ%l mm%xﬁE Ooﬁtgiglﬂeln enelo E)eUt gﬂj«% e]ng OQH.IJ anol,

tert - but anol -buten- 1 -ol %n- 1-ol
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3- hydr oxyblgb’hlériytthemethyldglwgﬁmqﬂ’reenybthylmyl QIQGIMChtl&KyﬂM ighiking, cther, glycidyl
3 hydr oxypiipge 4ay dLaXNRNELARE. JRASRRLE, Tongl Ungt T anal .appes are

butyl ani ne, tert-butylani ne, pentylam n am ne, ani 't ne ™ a2i% i
pyrrol i di n@YSiRYFePIoay inEctppsiael n%glywmmmﬂtrlefhfa@mtam ol $- gl\mthfhxmquybe used
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Pol yfunctl are sult “functional starter substances
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(such as, for exanpl e, trineth ycer’o T hyl
i socyanur at@noRRergr ags )thmaﬂcé]t‘?lsafh e f@ﬁ’él palyetehpilely 9QIE¢1‘feasolyd1©lp01¢esarrpl e,
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preferred, Ej g afb E a content of from3 100 % of propyl ene oxide
units, par{BEGEds ¢! ‘%&0 F@P’wawog%'seﬂﬁ%ﬁﬂfrﬁﬁw&mébﬁhe@mallmmfhf ghnee-tdy andor % of
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WD. 20121032028PCT/'F, P2011/ 066364 exanpl e, the Desnophen(r), Acclain(r),

Arcot (r), BapeoidiedzsBayflex(r), Baygal (r), PET(r) and polprativenipasyal s of
Bayer Material Sci ence AG (such as e.g. snophen(r) 3600Z, Desnophen(r) 1900U,
Accl ai m(r) Pol yol 2200, Acclain(r) Polyol 40001, Arcol (r) Polyol 1004,
Arcot(r) Polyol 1010, Arcot(r) Polyol 1030, Arcol(r) Polyol 1070, Baycoll (r)

B0 1110, Bt oD OB 8010 TG0 PR T (1)

8180). Further sw% bl e hono- po ne oxid or ‘exanp

Pluriol (r) I@)W%WQI?FM@_’_ AGISSSEEC)sui t abl e hono- pol ypropyl ene oxi des are, for

exanpl e, the Pluriol (r) P brands from BASF SE, and suitable m xed copol yners

of et hyl en%é}udq. a%dt gr o‘m/l ene oxide are, fgr e le, the Pluronic(r) PE or

Pl uriol (r) BYSP Sy SRS BISEE ™ SEh cag Ge-Amplavpd prg gicphobinaming hiolsepd €hsstlsnces can
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t hose havi | i ght in .t ra f,r.0 00.to 4 0 g/nol. At
%gtaﬁol,ﬂuﬁ%glbﬁﬁt b‘ﬂﬁﬁog,@ bu%éﬁ-l-%p%—%@ga -og,gz‘?nﬁ%fqg}-}buwn-%-o 5 |2%ﬁtl§/¥-?-gbtyrg

| east difunctiona esters are e ester p ester
pol yol s pr ef%r Eprajeyt elieiol t2-Bethdi2tnegpast.i higrtdeio-aprdpaable divobtanehi 2 ntakdi H
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ment i oned. nents which are used are e.q.. ethanediol, 1, 2-

pr opanedi olbég’%lﬁl@-g’p}eg%gﬁgaaﬁn& e W?T—"B?Jtah T A ,anil?%-aﬁg‘rq{nﬁ’n@ﬁf"g%?e’ FESEERGy |
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m xtures of the al cohol.s nmentioned. |f difunctional or po unctrona

pol yet her 2" BaY Doreitigned agsiisraly add: acetie prid. atopighie heig dnpensist fatpesidgessthes et her
pol yol 85 whiegh aciapalniiticisids@eis id/ Endkdc Sldahdo®hic S4B TLAVL a8 ok 1id 2R, preparation of
t he pol yet her carbonate polyols, are obtained. Preferably, polyether polyols
having Mh 150 to 2,000 g/ nol are enployed for the preparation of the

pol yest er - 8olinctipmil yablobals 25Rb| ayc avitoldn as &H-flin@losal Cuiteil subktiRE B e fb @x@iAM, oyed as

H function : ALt I Kreul ar tho havi ng a | ecul ar wei ght
Vi i1 the ConeiAel Bonoh EEERE a5 o upR g oBtol; BORA TGP frBBai ol oh are
prepared, fEPPEREEbICE, Lhyropesdiel bA-bahncgivhd ddniencdipl, et ivphedicls vomatykglycdl, et hyl

car bonave ofs-peiitgHe@bly netGApdRR s BRE adlidr BbRhicoNALm ALICONAl 500N, PRLXESLS POl yol s
or pol yet her, pol oI g.lolgxan%léogs of ﬁol ycarbonates are to bc found e.g. in EP-A
1359177. Fg?"’gtﬁ%?ﬁ‘ﬁs 1 0REn b orieteryediel CFsherayBeindomaheancs (seh 3l Bei ence
AGI, SUCE asxampkgf l,Dbis-l(Th)ﬂi‘oeYr(le]lc’tl)yl)@;]clohélﬁn@,r tri%ﬂé’ﬁﬁ@b@d’l,(tﬁt}ae_ﬁiy@@@ycog@&y@lﬁ_‘vldﬂ@ﬁd as
pol ycar bon i It enbodi ment of t i nvention, polyether

car bonat e g’gﬁl/sbl r@’gﬁmlbgbg%:{%pf Sfeges %&gf gﬁ&r?pé' Yaf @fcglf’t @BU%I&‘}?SEI ‘f‘?&é@é I'n

parti cul ar Poljyeat isbeoldakifrstionsl plodhpls| suciums.clr axapth tranalaiilgofye, taheero35
processs aceREydioRgkily® EOSadulventien H8SchilREiNST ﬁcaﬁﬁsfsgy{ NGy, E{(‘agﬁs?

pol yet her carbonat e pol yols enpl oyed as Hfunctional er’ substances are
pr epar ed b%?’@?réﬁ'&'ﬁﬁ’ Pebaledhels isirhadss dpraeampler saibitelohexipl prucrosehetatahf starch | onal

starter subsfanaes cbitul@gn@nbse BuelysatdsUnetdxphakidnliXd 8 2QUBREE: plriddat oms per
nol ecul e i.ch rizatjion) of froml to 8, preferably

of 2 or . efEoif Sy Bk er e B EE B ine s o @hehphbyias ettt -
i ndi vi dual taprobetomss a ni xture of at |east two H 5functional starter
subst anges.
The H—_funcfiéhal-Sfa&ér,suﬁ's'tances can also be chosen from the substance class of polyether polyols,
in particular those having a molecular weight Mn in the range of from 100 to 4,000 g/mol. Polyether
polyols which are built up from recurring ethylene oxide and propylene oxide units are preferred,
preferably having a content of from 35 to 100 % of propylene oxide units, particularly preferably
35  having a content of from 50 to 100 % of propylene oxide units. These can be random copelymers,
gradient !quolyrners qr_re_lltgmat.ing or block copolymers of ethylene oxide and propylene oxide.

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



Preferred H-functional starter substances are al cohols of the general formula
(I'l) HO (CHEp200H3bbds 10 wherein x is a number from1l to 3Qy/FRigasy an
even nunber from 2 to 20. Exanpl es of al cohols according to fornula (11) are
et hyl ene gl ycol, 1,4-butanediol, 1, 6- hexanedi ol , 1, 8-octanediol, 1, 10-
decanedi ol and 1 12 dodecanedi oI Further preferred Hfuncti onal starter

bst b d ®
et acrvih Q%mq%og%%hh& yﬁ At A thely%umﬁ%? acag'hé(x@e% g?l PFiTS ?or mul a

pentacrythrl reacti on pro ucts o ordin
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neopentyl gl ycol, 1, 6-hexanediol, 1,8- octane di et hyl ene gl ycol,

di propyl ene egcoI gl ycerol, trlnethylolpropane di- and trifunctional 25
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62 to 4, 50Qu94 and jn.part ar a
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11-functi onal er S%i'rg{%t ances t he “cont ext the invention,

"I'l-functi ONAF S? °f A %Q?tﬁgednégﬁl?%@"I‘Epﬂéenﬁdmra"eolfseq arp e.gt Fracdinbrl Jmol ecul e
of the st aptopmediolbst-arpaedhi, ¢ k- bat‘aﬁ)ad&d;tll,SV]ﬁntﬁ@ﬂmI, ReopadcdQxyebial b QbkanedRl, 1(4-) 1 n the
is reacted wth

e haneoh RERRRUARUS 0L UOR, Al kRN IE L RS, TR PR B el BraRioel mor o
unsat ur at eﬂe“ﬁle@’éﬁéﬂl or mppeeephthe h@owﬁsm@pwelf difugoibell sr avlefucointippigdheei t her in

the aqueousoissd st b@floRh af e afEMﬁNd&ﬁ;oﬁe’h?ﬁolQ@@eﬁéthé g!algrolgtv\tﬂ?c %@\ﬁﬁ(%&%e SISO Ihgn of

the netal cyanide salt or in both aqueous’ sol erein

second st efIhe BBy I dhes wpprtip 4f fpob’?tb%("ﬁlﬁ@ia@wb@lﬁsftrer?bi@bscumé@abﬂyr, om (i),
(i) wher golysther polgiitaoipg Mat-€150it612,800 dhhé]ArenPRyéd@r 6 hilcphraldh 6AnbAI LEEN
isolated ig g@ g d wth an aqueous solution of an unsaturated al cohol (e.g. by
resuspendi ng an subsequent renewed isolation by filtration or

centrifugation), (iv) wherein the solid obtained is then dried, optionally

after pul V?&l&c%@%ﬁa@dlolgqgrpﬁ)rmgﬁl 1%' R 1qu Hrflil%tl(ﬁléle% Y sdba%?sl ?r% gellréc{) H%f ter the

precipitation of the double netal cy e’ conmpoun secon or nore
unsat ur at edrOIhe YRR @olegyfap paighiHnin |ﬂﬁ f@%@ efsfeon BAsedSOre/ndierdoety 200met 50, cyani de

conpound) , whiglglar® [pfebﬁaﬂ |f$r)éx£rhﬁ]§ h!)? rreaﬁtﬂﬂmf %Pfdsg&e RN b chal! d?etﬁ&q dg6bnaEQr
exanpl e, gtl on .of Olbal‘s@ﬁy ysts,” an aqueous sol ution of zinc

f t e
chi ori de Bhe(“b dlf?F"‘é?{@leaé eﬁ?f ek r?é?%lreﬂ%fy B¢y e Ex3100F o&nd
pot assi um Mycaztbylameambabe &ted égs:ntElneA MESOEd7. Byt @RdntiEe, Bl Dekmbimen® X 8¢esaitth t he

t t I d bal t at
and- opt ongl Ty Rt P E TR s RERRERE ¢ SRR PR A6 2T 82 e pensi on

f or ned. polycarbonate diols..

In a further embodiment of the invention, polyether carbonate polyols can be employed as H-
functmnal starter: substances In partlcular polyether carbonate polyols which are obtainable by the
35  process accordmg 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.



20Cyani de-free nmetal salts which are suitable for the preparation of the

doubl e et ayoeypnizgfsconpounds preferably have the gener apchgisa dskdch! )
MX)"(111) 25wherein Mis chosen fromthe netal cations Zn2t, Fe2.,I N 2+,

m2+, co2+, - 7+, or Sn2+, Pb2 and Cu2+8preferably Mis Ze, Fe2+ Co2+ or
Net , X are one or nore (i.e. different) anions, preferably an anion chosen
fromthe group of halides (i.e. fluoride, chloride, bromde, iodide),

hydroxi de, sulfate, carbonate, cyanate, thiocyanate, isocyanate, _

30i sot hi ocyandt-enctoe boxsy mbwgnea| ic ghorteve DRkatbt@nditanad. nincatoé H momspe i f X =

sul f ate, C%{oliégﬁl@-t\ﬁicgrareoﬁ!v@}b@ tl?en]qﬂﬁneiri%tign)i anfl?Stm=1 Félls,i ferapgy?)ggzlxérdf@hg)f-ﬁnat e,

t hi oeyanat e, i socyanat:e, isothiocyanate or nitrate, or su e cyani de-free
net al = sal t SURERPE! fHlsT gdaRa aF yedl githey) indgwidwally Xy 3¢ pwyixture of it leaiiiep &-n M i s
chosen f&r omcli@alieta sussahécons Fe, Al13+ and Cr 3+, X are one or nore (i.e.
different) anions, preferably an anion chosen fromthe group of halides (i.e.
fluoride, chloride, brom de, iodide), hydroxide, sulfate, carbonate, cyanate,
t hi ocyanat @refinsd Eyfaméitma] sthiesabdtinos yanbbiels o aielgencial fteyla @xal ate and nitrate; r
is 2 if X = sulfate, carbonate or oxal ate and
HO-(CH,),-OH 41y
10
wherein X is a number from 1 to 20, preferably an even number from 2 to 20. Examples of alcohols
according to formula (II) are ethylene glycol, 1,4-butanediol, 1,6-hexanediol, 1,8-octanediol, 1,10-
decanediol and 1,12-dodecanediol. Further preferred H-functional starter substances are neopentyl
glycol, trimethylolpropane, glycerol, pentaerythritol, reaction products of the alcohols according to
15 formu[a_"(II_),'jrwilthtf'a’:-'Caprolactohe, .€.g. reaction products of trimethylolpropane with e-caprolactone,
reaction products of glycerol with e-caprolactone and reaction products of pentaerythritol with &-
caprolactone. H-functional starter substances which are furthermore preferably employed are water,
diethylene glycol, dipropylene glycol, castor oil, sorbitol and polyether polyols built up from recurring
polyalkylene oxide units.
20 _
The H-functional starter QUbé‘tahcés 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 giycol, 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
ethyleﬁé oxide. Ths; ll;ﬁol&é'tﬁer bolyols 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



ris 1if X = halide, hydroxide, cyanate, thiocyanate, isocyanate,

i sot hi ocyangbeo1¥@seexyl ate or nitrate, or suitable cyani @%Tfﬁﬁ@ll%ﬁé%’c# salts
have the general fornmula (V) 10 M X), (V) wherein Mis chosen fromthe netal

cations Mg, V4+ and Wi+ 15X are one or More (i.e. different) anions, _
preferably an anion chosen fromthe group of hal [ des (i.e. fluoride, chloride,

brom de, i de droxi de, su car bon nat e, . thi anal e,
i socyanat e?ql soghﬁl 0% %%a? aqdeousrsﬁf;xyq aftaecyaltlf)g(eé ’Bet rfﬁ Ki Fose “”8‘5% f 815y x =

sul fate, car benetioe 0611 meirldyartide salhoh the presebe jof or oxzmhlalunszlelratdd)pthohnks, degreicyanat e,
hi t c
thiocyanate, \396%aR3IEho1 SOLRALEY @m} ﬁttheeﬁ,{]gb% ydhfagg oPfhe @yahfgjg g wf@) % VI ) 25

sui tabl e cyani de-free netal salts have gmtgera or nula
wherein Mis &RasBASHPIBHANORBE stebiyatidasplberdn hfsraveayelsolgipr, X are one or nore

(i.e. disffehenhdreiai @N&conp 6Of BE &h’ih)’s s@ﬁlra@ﬂ'oﬁﬂroﬁlhﬂﬁs@@eﬁswﬂ%tﬁm&i fgfnpd-tbp of halides
(i.e. fluori fate, onat e,

. e. i 0 OX ul
cyanate, tHf g@“%}%{ﬁlﬁ’t ap]i’rg%@t}?af?a"t itd SE"BtﬂIFﬁ ﬁ%@&vﬁﬁg as h‘éﬁa Hiﬁ?&fldaﬂf &vashg éﬂ‘t t%8 and
nitrate; 30t p@ieds|pluplorobal ﬁlastamratedaald:mboia(tsg oy remsplerahrg arddsubsei@nBrendweX =

hal i de, hydr oxjd&m, b?ﬁﬂﬁﬁ&?or cgr{ajggér%@at e, isocyanate, isothiocyanate,

carboxyl ate or nit sui tabl e cyani de-free netal salts are zinc
fluoride, #Vhehepingeiselid obtrinpeis Bepgedeoptioalicatieoplilgtization.nc acet ate, zi nc

acet yl aget qietvBereiz iif eheN@XBtdpUT RRREL AGET APt RipitdioR Gf Aeeddivb hEXARPAlE, zinc

compound (second step), one or more unsaturated alcchols, 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 (III)
M(X)x (11T

25  wherein
M is chosen from the metal cations Zn®", Fe**, Ni**, Mn*, Co™, Sr**, Sn*, Pb?" and Cu®", preferably
M is Zn’", Fe™*, Co™ or Ni*,
X are one or more (i.e. different) anions, preferably an anion chosen from the group of halides (i.e.
fluoride, chlorlde bromlde iodide), hydroxide, sulfate, carbonate, cyanate, thiocyanate, isocyanate,
30 1sothlocyanate carboxylate alcoholate oxalate and nitrate;
n is 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
Mi(X)s Iv)



35benzoate, zinc nitrate, iron(ll) sulfate, iron(ll) bromde, iron(ll)

chl ori de, owbabixdsbgzschl oride, cobalt(11) thiocyanate, ni @kgfpbli/@Bi@ri de and
nickel (11) nitrate. Zinc chloride, zi ncg?rom de and zinc iodide are

2012/ 032028PCT/ EP2011/065364 - 11 - partr¥cul arly preferred and zinc chloride
and zinc brom de are nost preferred. Mxtures of various cyanide-free netal
salts can gl;sq. be enpl oyed. Metal cyanidc salts which are suitable for the
preparation o "t he doubl e net al yanl de corrpounds Spreferably have the general
formul a (VIM)schogyn fromvhe @ripheatioy € VALY avifarei n 10M i s chosen from one or nore

gE Iall ) CatOI‘ O Sre Qe &h‘ﬁ‘org Klgumﬁ&%ﬁéngnk %%f&;beruoﬁ%ﬁésH Yrom %(glrclu%a’of gﬁl(iés (k é UV |

pref erably “‘fe Ch&H@e o*ffmwﬂ?v é"q‘ﬁﬁg atlwdf@a?% 6‘?1@‘*30?”‘%0%3 gweﬁais @ﬁ@ﬂ%ﬂﬁ@ya&te .Co(11),
Co(llIl);s Fe:(othhc)cyanﬁe,(chﬂbb))ylater)(alatela)ldmtrﬁtéI 1) and Ni(lIl), Y is chosen fromone or
nore net al Gk ? 19ate cargon?tror )| onsd sting of alkali nmetal (i.e. Lit, Nat, Kt
RI,, Cs4) and ‘al'kal'ine “@arth FAFAY e Be24, ca24, net sr2i, Ba2+), 15A is
chosen f r omionéXerhalidsr ledemidanzgangt, thlbmfargreowymuasscshwcm@ataf cai‘bakylalle@ n{tiateg.
fluoride, chloride, brom de, iodide), hydroxide, sulfate, carbonate, cyanate,
t hi oeyanate, i socyanat e, isothiocyanate, carboxylate, oxalate or nitrate and
a, b and coa%tah%Yé@%?‘@ee%fagwﬁmg%qahfe@% a, b and c are chosen such
that the metal cyanide salt has electroneutrality;. ais preferably 1, 2, 3 or
4;: b is preferably 4, 5 of 6; g{erably has the value 0. 20 Ei<anpl es of
suitabl e nmetal cyani de salts ar ep}f} Jassi um hexacyanocobal t at e( | 4 pot assi um
hexacyanoferrate(ll), potassium hexacyanoferrate(lll), calcium
hexacyanocqpalf,ate(l11) and |ithi um hexacyanocobal tate(111). 25Preferred

doubl e net al %/anl de conmpounds whijch the DMC catal ysts according to the

i nvention &bisskasydion be pemsaimadoos VY s Weéneral fornula (VIE)

m[ m x<46i \ BydrZ 60d dr lnore (i.e. different) anions, preferably an anion chosen from the group of halides (i.e.
ﬂuoridg-,- cthri’dé,l"bromide;_' iodide), hydroxide, sulfate, carbonate, cyanate, thiocyanate, isocyanate,
isothiocyanate, carboxylate, oxalate and nitrate;

s is 2 if X = sulfate, carbonate or oxalate and
s is 4 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate or nitrate,
20

or suitable cyanide-free metal salts have the general formula (V1)
M(X) (VD

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

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

tis 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, zine 2-ethylhexanoate, zinc
35  benzoate, zin¢ nitrate, iron(Il) sulfate, iron(Il) bromide, iron(Il) chloride, cobalt(IT) chloride, cobalt(II)

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



30wherein Mis as defined in fornula (HOto (VI) and M is as defined in
formul a (VIwb20mmdz2ee8 X', v and z are integers and are chegsemmugetizat the
doubl e nmetal cyani de conpound has el eetroneutrality. - 12 - Preferably x = 3,
x' =1, y=6 and z = 2, M= Zn(l), Fe(I'l); Co(E) or Ni(11) and M = Co(l11l),
Fe(l1l1), C(ll1l) or Ir(lll). 5 Exanples of suitable double netal halide
conpounds : | 1 7] nEJ: 1 1), zinc
hexacyanof Z,%?Igl{légl I Ir{r)grrelg%&%glggﬂa?%aénh%&ng%%%%gggqot :‘%?gf%r{é%'lgi.]{tkgs?%fﬁ%lrwesxanpl es
of suit abl &ydskiicempialsalfs eyl ldemelorgdounds are to be found e.g. in US 5 158
922 (colum 8, lines" 29 - 66). Zi nc hexacyanocobaltate(lll) is particularly

preferably d. 10 It s.also possible for the double nmetal cyani de catal yst
to conpris é\hj%ﬁi éyaﬂi‘l:'lae r‘?ﬂFe"a'F%ratrﬁé 0 FPﬁlﬂEﬂ“?i’éraF‘?"g%fﬁB%E “ﬁle é?ffﬁ?ﬂ'aﬁﬁe fYnRORHls

unsat ur at egreddrabbtiabe thiganerhlfbisulagd®) or e nore further conpl exi ng conponent (s)
fromthe conpound cl asses of polyethers, polyesters, polycarbonates,

pol yal kyl ene glycol sorbitan esters, polyal kyl ene glycol glycidyl ethers,
pol yacryl ami de, pol y(anyl am de- €0 dEEYki#):aci d), 15 pol yacryl i ¢VHEi d,
poly(acrylic acid-co-naleic acid), polyacrylonitrile, polyalkyl acrylatcs,
pol yal kyl t haeryl ates, polyvinyl methyl ether, polyvinyl ethyl ether,

pol yvi nyl dC&F8te, polyvinyl alcohol, poly-Nvinylpyrrolidone,

pol y( N-10i Ny pyuhbseh frokd 0 @ anodchythlicetions bitte, grgd@lcynsisiivg of FetmHKE tome copal, y ( 4-

vi nyl phenol) , ( lj.c.acid=Cco- e N ol rs,. .

pol yal kyl er@éﬁ%@@,’ Rialr ot Iléﬁéﬁ%éf’@?’cﬁ%{%lﬁy@fri’ig(ﬂ%& GFSFREM is one or

hydr oxyet hyioesehdtal kadiors cdtig spob yaesistnglo§Co(@), CofligFefH), Be(ID)etrtidy, $i1llyinddo@i.des, 20
car boxyl i ¢ yag kits SR she Of mBRI i DAoL CRRe G ARRlsSng ol RELTYS.. 9%, §2 ks, esters
or am des thereof, .cychodextrins, phosphorus co sunds,  a, 13- Unsat uf at ed

car boxyl i c Rc{d) agadabnesart mgipléies Bt 48 e-MBr ST nBer¥ ace- act i ve conpounds are

enpl oyad i & fshRogei GRAr @ki@Mdé atibg PV F‘r@nﬁ[ﬁ&oﬁﬁhﬁ oPmefRs akl Yuorkdd) dnfdgad, i r st
step in th%nﬁ%epﬁhﬁﬁj n]prdgheIQM(:%ata ysts enﬁ oyed for the process 25
accordi ng U5 tHhe et TSR CHE SARBRS: SEHNtiei BIReYBttet AeYHaEaio8aPE (.. g. zi nc
chl ori de), cebpllolpcntalpta oanisdtoindhi onetri c excess (at | east 50 nol % based on the
nmetal cyani : to.S | ratio of cyani de-free
netal salt h’?% n§n§% lrgfnté ya’n\?’ ggl&stg? %ﬂl\cé)? ﬁgabggf%ar%%%f%%%g aoﬁ‘he fRé! Cr’félt“{aglsggli?éni de
salt (e.g. “isBragdrlivhehaxeeynbobal 4 hiseyefurtdy 4 Eact edrdfmbhiHes e ederfce of the
unsat unpat ed al cohols, wherein the unsaturated al cohol (s) is/are contained
either in the ggﬁgfus Eolution of the cyanide-free nmetal salt, the 30 aqueous
sol uti on of*t"H ARl amrtale cxatde s 4 petersiun Jesenewbdeiedis | posssitmat a

?] uspensi onhaaiyeivfearty peasting ldmbdnefeffﬁ§(gl), ?aY@ﬁxh d&a@yfﬁﬁm@li»hﬂtﬁte(ﬁg-@ﬂ @i g
exacyanoc er, excess cyanide-free netal salt and the unsaturate
al cohol isggﬁéég%skrﬁ&? is context, the further conpl exing conmponent (e.g. a
pol yet her) can be present in the aqueous solution of the cyanide-free netal

sal t ang/ opre@fred BRLIELAL SYARN gﬁnpﬁQJdE whh the DME @a@%@g agéoli-cﬁfg{ 1Ynd QuEn
f t he do nme

suspensi on obtained after "precipitation of 35 ubl e al cyani de
conpound. FIMPHERA HoBPeRdsehriaAeagd Siguip 6Y) he aqueous sol utions of the
cyani de-free netal salt and of the metal cyanide salt, wherein one or nore
unsaturated al cohol s are cont ai eié@g{? in the aqueous sol uti\9n of the
cyani de-free netal salt, the aq &' tion of the - 13 - (VD

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

electroneutrality,

35



metal cyanide salt or in both aqueous solutions, and the further conplcxing
conponent twoheizm3zesd W th vi gorous sti rring. The suspensipei/HRIRARsica t he
first step is then optionally treated w %h at | east one of the above-nentioned
conpl exing ligands (e.g. unsaturated al"ddhol or pol yether). In this context,

t he unsaturated al cohel--i.s preferably enployed in a mxture wwth water and a
further g}'ﬁJ)ﬁXI ng conmponent (e.g. polyether). A preferred process for
carrying out the first step (i.e. the preparation of the suspension) is
carried out Ehploy¥n§adai%i ng nozzle, particularly preferably enploying a jet
di sperser ag= @g@grpepgctd(mo\l\&(ﬁ)gﬁ/ 39883. The separating off according to
step (i) ;@ scalma%d@i) #ﬁgﬁ% n| ques known to the person skilled in the
10art, such a ( a trlfugatlon or filtration. In a preferred
errbodi mént variant, in a third process step (iii) the solid which has been

I sol ated i %xiﬂﬁése&usﬂgdlé, d}cg}%?eh%gta%allja ac‘:Qma(‘) soa SareS cz)!nmhle)?arcl:ya%?coggtabgﬁ]? at urat .ed

al cohol (e.g y resuspen and subseq enewed 1'SO iTtration
or centri f heaeyaoeididate(Ii).t hins hmmpfemﬁdﬂl)ea(lénmbelt(lli/\/é@reﬂpyam@&ltsbdlﬂbl@ﬂher

by- product ,exsiptdd cﬁ‘ssuﬂfﬁtea&ﬁbl@rﬂl&ﬁl@ﬁdlﬂeconﬁ%dpgrer@rmv§ﬂtdf '3 ant(fj@ sCafgayst
according to the jnvention, Preferab éﬁteq e anpunt of unsaturated al cohol in

the aqueou$“SREL Hivys &1 0504 hpecysar 1 imrreticglererefopblis ysdd on the tot al

sol uti am. In the th| rd step, one or nore further conplexing conponents is

optionall dedt queous Owa lutian, preferabl he range of
bgt ween Oy%tas eﬁls& HSSS hﬁa%‘go? n&%tcl’t%““:[23 cfitgllyssfg?’rﬁ(mt’f i5¢ ?'J%toﬁgowggﬁ[%gﬁ&o ﬁﬁxﬁlgl ongof
step (iii) liginds msddrmne@thennsatdma:mahngﬁsr thigron¢ fre mselfurtheninplxihgeonipeent(s)sol at ed
to be WaSh%@m”EHé gonrl QIQi 85&9&% of Bﬁgtﬁgréitﬂé%fsut : g&&ﬂ%oﬁﬁescﬁ%ﬁkggne ?l&coll orbjtan hirst

washing step (111 - queous nsa “al cohol
(e.g. by r é%“ﬂ'%pé‘?’ltﬁuﬁ&nﬁrﬂiycghlﬁb@tﬂﬁ’eﬁtheflsetﬁ@‘w?dﬂqffs‘éﬁ aohasniderdotagrtie cmldbr

centri fisi g@b]y&[ﬁm abifl, ﬁﬂﬂ@?yli&@icnﬂ%@ﬁﬁlc dccﬂﬁ pﬁﬁf@dm!)rﬁtrlle\’\@él?d’lkﬁ Q!: Qtleﬁ pWaIWlOdUCt S,
such as pota Si ca al aCcC e |nvent| on 1 n

this nmannefl 'Paf ?tf" ﬁf’}?ﬂ@a r'it)erthé’ S{ﬂ]ﬁrbt’éyv“t & ln‘i’iftﬁ‘rtpo ‘“éiﬂg‘:ﬁ?’t?r BRBEYAREERBI in the
agueous wasbiwhbvla@yubhdme |pslym}vmﬁpmrondbnan@lacﬁsﬂncwmd?/q;olpmeehemsn ltebve, tpotyad-
solution o hi ng steps (i

either t hetutg1 ﬁen&é/vg%ﬁ St &%ﬁgm)é E)Pdé%)llglgp &g& ﬁgelyécl)i?%esnglvngnegﬂm 75 a(Cdland

pr ef er abl yn’éh@é“hyé“ftetw ﬂthrsrrb?siroxawthﬂwtl@ﬁselﬁ'amowace&lsmmf alqudxbgti;ersglymsud@s;\, such

as e.g20a BiddMiieadd oSt W iRapticNSAMsIat gd a%ldQQ)pQthsa@gerg Wt LBGks GRARE €xi ng
conponent %}ﬁg)% er ab{]llé in the range between 0.5 and wt . 94, based on the total

anount of RELH; lysrbgECPBRPuBts: efapsaturgtqd. %5bfxylt°sa°\§niﬂetﬁyféd°’a“s syrfdee-\gashi ng
sol uti on amtbridreacs@l cotipdusdswmesdagtbyed flhetphipsat@noethopMERMRNyAk. times, preferably
once to three tines. -+ 14 .- The drying according to step (ivV) is preferably
carried out at tenperatures of 20 - 100 C and preferably under a pressure
(absol ut e) Poferdblyoin Gielfirsthep tnothd p@pSativhaat. thPDBIG@ raddysys, erbfieyes dbi e ipsocpul ver i zed

before 2% heaéiBrYHan) thgﬁvgﬁﬁi ?l{e aﬁﬁkoﬂ?&oﬁggm oPthe Iné&! %‘t ({'g zEnlg% 1[% %Wg]% e\ﬁslg §

according to theé invention fromthe suspension |ng of the

filter cak gmalﬁanqtﬁt%xhﬁs {agle@égq:mpl%gaqupmrp@t@ Eyeg@iggait that 15 to say at least a molar

ratio of cyanide-free metal salt to metal cyanide salt of 2.25 to 1.00) and of the metal cyanide salt (e.g.
potassium hexacyanocobaltate) are reacted in the presence of the unsaturated alcohols, wherein the
unsaturated alcohol(s) is/are contained either in the aqueous solution of the cyanide-free metal salt, the
30 aqueous solution of the metal cyanide salt or in both aqueous solutions, so that a suspension which
contains the double metal cyanide compound (e.g. zinc hexacyanocobaltate), water, excess cyanide-
free metal salt and the unsaturated alcohol is formed. In this context, the further complexing
component (e.g. a polyether) can be present in the aqueous solution of the cyanide-free metal salt
and/or of the metal cyanide salt, or it is added directly to the suspension obtained after precipitation of
35  the double metal cyanide compound. It has proved advantageous for the aqueous solutions of the
cyanide-free metal salt and of the metal cyanide salt, wherein one or more unsaturated alcohols are

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



The invention also provides a process for the preparation of polyether
carbonat e pebye%sEEgM-one or nore al kyl ene oxi des, carbopcgippshAfeard one or
nore Hfunctional starter substances in_the presence 10of at |east one double
nmet al cyani de catal yst which conpri ses -ah- unsat urated al cohol as a conpl exi ng
I i gand, charact er|zed in that (a) the H functional starter substance or a

m xture of g functlon starter sbsta es is l.
initially |n}$¥a} oduced tltorltt"g%(tﬂhaunOeU% SRS \?Iestg u”ﬁﬂcf,cm ’8?%00%’8‘%8&? tmé%/edvvat er
and/ or ot hevith vigsropesiiigy Theolugeidica fooep outhd §rsaste is Girmuidndbly tredtelaithed least

t enper at ur%n@eﬂﬁerabseqﬂ&ﬁ&e@rc%ﬁt%ﬁg (ig aqtts\/tert,g sawtafae%e% oICGH [fol by il bgi g9 added

to the Hfunctional- starter su stance or the m xtur
H f unct i on&PMieh he apsalimrs: sepbelsis pasieptdy @mplarer:lelrl % mEtydp y\ilthgwatf(rlaayl af @rth@ he

act i vat ison c2@fddk) cotn@on%mf Gelgsﬁolﬁﬂki)Vﬁtpke@dﬂreﬁ b@@es@fcfr'cﬁr%tmgp@hﬁ theemmtfat) (l(ebaféed on

t he total an’ougt r3 of .a ‘}o/tl enf oxi des. e gé/ @ 5 |vat| on
and copol yREPTZEMi (gntg’ B'Fpegﬁgn of SHHFE° BHE BoRFET e fatisyerboPe ’é ¥i xt ure
resul ting hmphylsgaeptC(i&pbr)sqrasdes@&edtgvmwlbpﬁﬁor this addition of the part
anount of al kyl ene oxide optionally to be carried out in the presence of CQ2,
but pref erably in the absence of 02; and the tenperature peak ("hot spots')
whi ch occurlée ¥awating offigecoriinsde tieniil is pmdsdouhs teahtiqeh rivea the paenisheddntitor a

drop i nopr @8 Sudhes,i e dhispld, @ﬁﬁtf@%ﬂ@rﬁﬁ'ﬁlthﬂo@acr‘ case being awaited, (132) in a
second activation step after the tenperature peak reached in the pr ecedi ng

activation step, a second part anount (based on the total anmount of the anpunt
of al kyl enén oxtetbesd enpldnyedvaridd, ihn thlhepra@t:si él@t(iii)lﬂte&ﬁﬁld ®DPI hasrRed Zadieop) of one
or nore al ded ng fromth cedi ng
activati onléesgtsglp&t]?)Svlatg)ll%§ i o e%'ts e & fﬁesun (%at? a°° %]f(eéJ e rﬁsé{FIte"(F?%alﬁ‘ﬁt of

al kyl ene oxibtawuuenptrénevied Isvlattoe Hareﬁltratonloedermmgatwn)tlhethlprrmtsean,c@r efamBER watbut

preferably shipid ﬂﬁpr@(ﬂéﬁ NGey %fpoggg;r’um aﬁgldE t‘E%n L& le%fé’atﬂ'brrrpthp %eﬂ!ﬁys?] a Qlltilng%) {he) Whi ch

occurs due.to the subsequent exotherm ¢ chemcal reaction a drop in
pressure i HYEIiEn Pé%f%fﬁ%!f Srratpuit Pl dasatrated slsolob inrite Bmeana ebipg solutiongs betyqss)

opti onal | y40 kra 8a wi.bé, bdedditthotathl sORtigt ep or further activation steps, after the
tenperature peak reached in the preceding activation step, step (p2) is
repeated zero to five times, preferably once to four tinmes, particularly

pr ef er abl y Ireseadititdystapn e, ortrivirs fiadtieti domplexiof cénengparis optinpuiit added toheseadei ti ons

of thepar tvaﬁmgléatlﬁmogref@llaglg rﬁtﬂgraﬁ)% o@ﬁgtgﬁnn 3G 485 M %db é’bton ik tgtﬁleam%t? GR&E of O,

and the 5Stenperature ich occuré e su sequent
exot her mi ¢ “etegseaionobdeniion and/ or a drop in pr essure |n the reactor then in
each case being awaited,

It is moreover advantageous for the solid which has been isolated to be washed more than once.
Preferably, washing is carried out in a first washing step (iii-1) with an aqueous solution of the

25  unsaturated alcohol (e.g. by resuspending and subsequent remnewed isolation by filtration or
centrifugation), in:order. to remove, for example, water-soluble by-products, such as potassium
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 further washing steps (iii-2), either the first washing

30 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
(preferélhly" mtherange 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.

35



(34) optionally, in a further activation step or further activation steps,
after the twoperaspée pcak reached in the precedi ng acti vathaib26i18iRs36at €p
(133) is repeated once to five tines, Eferably once 10 to four tines,
particularly preferably exactly once, I's addition of the part anount or
these additi ons of the part armunts of aI kyl ene oxide being carried out in the

presence Of in a&goralggtcg ?{"P?E ?2 erqu)alaé‘%drich ut a%%mge)atu%logqoocﬁldr"ﬁ d?e to the

subsequent exot herm.c’c ¥ion essure I'n
react or therefirgphenndar eatesutre(ahylutenaf e, 0.15(bp) tOohel3dnbmmPrefeablkylhenehdow| des and

carbon di O)ﬁbp}&-lz@([&f@g@{gdryfng the m xture resulting fromstep (13)
("copolymeri zation"). The al kyl ene oxides enpl oyed for the copol ymerization
can be identical to or different fromthe al kyl ene oxi des enployed in the
acti vatison AIbréfex@edpﬂieﬁfoeIfd’reqdla&ﬁglﬁd]bmmﬁtalyith@c@diﬁé oGl identba fFloma R Eplensh bONE  Or

nore al kyl ene. .ox tronrn steps 131 to
134 is O?Qrat"i%was \lllrlrtg\,\lF he Elter a(—:l-{rg g%dl ngngg X?Sglbfqlmt\p%a@%o%artl cularly preferably

3.0to 13 0 w.% (based’ on the total amount of the anobunt of allcyl ene oxides
enpl oyed i fryf h,eenast tlyoagrwrtsa@rtcss@@o%%w i,&@ot]'o?g et I‘@a?bo(aﬁ): orgofrﬁ?ém g;tter
preparation of polyether carbonate pol yg t/ tic ada I on of alkyl ene
oxi des ( ep@Fs)eramtieLrenhdieridyind angh Mo fﬂ-rflrtiatmeﬂﬁ@ﬁ%rlsul@taa@ﬁ grthespipsercances
(startans) of it léah'tem@dicﬁﬁﬁ AR Shnitd@ MG BhyiSeSandm@lrdidWoh at Deonip¥RRt | ON,

t he H-functlror(] | start er Fbstance or a mixture of at |least two FI-functional
starter sub&FaCEE IR ally introduced into the reaction vessel and, where
appropriate, water and/ or other readily volatile conpounds are renoved. This
is carried tﬂu{he I—fﬂﬁctt%?ﬁﬁ?@rlte?’sul}g%nce%p )Itl!lrg Bf ﬁgeagytwgm%tlgltal ntarEeIro etgnc tl onal | y
under reduced pressure ation 1n vacuo from 50
to 200 C, pr ePtéroaaélr/W@dﬂytntsmst@ed @ho thrareaciipnyeasel @dp‘r’@feeqmbpl‘}ﬂteatva@md/pooﬂmo C.

Thi s prietreat FEEdlIy Qi‘lati‘leh@on%:to@ﬁds earre $ém5cﬁﬁf%lc@£tememp%ﬁreognd§); atdeda gugtances is
cal l ed dryi ng n the ication. 35In this context, the DMC

catal yst can b&Yiepe! Qﬂﬁucn‘iata[}gtl l3I‘3S?g r@r%&%@&uqcmnel e %“Eféaé'ﬁq WriheBisEEIofi n t he
H functional atsletaamtueH-f&mbetaBemrer sbstadnbee bérbos otuf@r @¢ digihg,] east two H-functi onal
starter substance, but it is also possible for the DMC catal yst, which has
then been dried, to be-added to the Hfunctional starter - 16- substance or
the m xt ur &ofor e patimationonal starter substances only after the drying The DMC
catal ysp can pe) added dchvAibestsPh ke Hor emto%t (@?se@oé%%@&ﬁ%’m%ﬂnt & ttﬁ’lmﬁﬁxft%?cu onal

starter substance. If the catalyst 1s add as a suspension,
pref erabl y ad%l@ﬁenserIS?Sémawtdd@thsrctrJﬁen derqaﬂ@rm%ﬁﬁron)sqfarqCérnowasyteam@c(es) 5St ep

(13): The net graidg totheometuwremzrng f@hlksrdpe(ap noaeu@qﬁsswrsifopmg arih )6f glt pt;tte car bon
dioxide is carrredfqﬂ

arter S tance m xt ure
of several startar*tdyers °ﬁ?8g tlzgﬂ%]ytt%b@ g‘a‘&‘s 4t ik edtfﬂStfﬁéO%?@ %P‘ﬁfe%ty in ichis
added. as a soibsaicopf £Hxtané teoempadiura psaks(plmnspcm'r) whitef @res die ®f thesutbdygendr yi ng of
the statter s tl r.the dr of the
st arter%subst%ﬁ%&%%eglc%&ﬁowlog gl y lﬁi)ft gl%er %&05 Y 1]l]:)eacgrcl Sg i " or
exanple in a W%ss anal ogous to the drying of t he starter substance The
metering of one or nore al kyl ene oxides and of the carbon dioxide can in
principle be @ rried ou in varioys ways. The start of the netering can take
pl ace from a VACUG G ﬁﬁﬂétrona?teﬁrag itt'ﬁJél“W@é‘F SR gErcpiddp thesstspding Ffeation
prepressure isepps efedabt ynest (@hbtd ahbdofayanRasSl ihg aihbundst alkiRAd ox@RSemBdied as, for

rer{;g'?p:: g@ 18' I)rlﬂgl?er%ctl\;angn B’ld %SO ymerrga?'bl%oolf%}leegr I'lt'l)OeI'Ie ngyignseto?d%es 18 ac?(gd ?t th?%tlxvt\lﬁ'een 10

resultmg 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

35 awaited.. - _u .



15.preferably 100 nbar to 8 bar and preferably 500 mbar to 6 bar. In a

parti cul ar hyopoef@segd enbodi ment, the mixture of one or PeHGEHAITS 4

subst ances and the- DMC cat al yst resul ti ng fromstep (a) is charged, at a
tenmperature of from100 Cto 130 C, at ast once, preferably three tines with
1.5 bar to 10 bar (absolute), particul arly preferably 3 bar to 6 bar

(absol ute), ni.t r.oge npl
argon) and ea ((’%ﬁg{)tiogﬁfy mgaa’!%lr(g (itlvatlsogbig oruféln[ilelr qivatloq ?epls a{%efgheatem?e]_lfgur ﬁ%ar%ease d

20 pressure i scaghsdijcbelpreesding bfawat(oabtsmlsm &) lsmppwdnmq tg divy/timgsppreferghlyohaar | y

particularly pfehefimed %ﬂ&%l‘y%&@mblﬁ@xa’cﬂﬂﬁ&%e% aldfMida SO&GE p afoddPRl gegas, such
as, for exanpl rgon) is passed into the mxture, which results fromstep

(a), of one oF‘?W%OfstPea?afTéfnog‘Hb%ftagﬁ%%O%d’ePﬁéaf[’?@“&‘étt%ﬂ apeseetf COxt8¢H6r at ur e
of froms40 C tdmpéﬁﬁreqa,eal@(ﬂlﬁbt a;iot‘t)hﬁlcﬁaﬂi&rstdhd’fﬁ tige %Bdé%ﬂ@x&h@ﬁ&%@méa@%&loﬂt e) of
from 10 mbar to, 800 Jrbar . par tﬁerm%rjf]gn ger% %g m50 nbar to 200 nbar, is
applied. 25 Sta fl Bp Mheteter ng o ] 8a° FhoT I ene oxi des and of the
car bon di oxi de can be carried out simultaneously or sequentially, it being
possi bl e for kﬂlﬁoﬁtﬁhfﬁ‘l& iR A e emwa(ﬁ@t{g & aq ah@ng %qge @Ihéerﬁﬁrc nge or by
met ering over ‘the reaction tine. Pref car i oxXI tered
The netering T8eeHin thhaesingdstiatign ke, étﬁe(ﬁéilﬁ Wgatqul‘"?,eat? ﬁi‘f%@n@umlefsiiaf?iﬁpmcaneousl y

wi th oriosequenrt foad fipest gartlmﬂgqﬁ-a@m)d emwemmnerawgon dff ths eMELiddundbkipbene
oxi des are e r carbonate polyols, netering

t hereof can ggédot}éflsr?tjé% p&ﬁ mg'l"‘r%‘iftagﬁlé'&f’é‘ldﬁgﬁ?g ?EEEQHH‘PQ'FIPVS"\?F%& »éathecase
separ at e met efdnperatoperat ('lonsgot Drvhivh acca éuodio tmme;eqneﬁtem)tnegmmpmcrrﬁtal eagionat | east
two al kyl ene e nature of the netering
of the 2l kyl e BrgRE! ReslPERE-AZ0G MR MErd Bhidl T0a bi e 35t

synt hesi ze random alternating, bl ock- I i ke or gr ad| ent -1 i ke pol yet her

car bonate pgl Mﬁb‘ % more” al]élyﬂme off de@faﬁf c’ilfb'oy dioRf £X&RESt0he HFRIRAIBuHO¥bHSep BHSED ON
the cal cul ate unt i oxi de i ncor porated in the polyether

car bonat e pol 6‘?*’ Yf“§“’€?fﬁ1")()€é“0‘8kyéﬁ“ﬁ8’eded8‘@1’ pY5d £ dheppRyssigatigp Cf’éa{’F%‘W“’aﬁtﬁm de to
react an excesdliffidrencfiorh on alitylend dliled esnplgistbintiaganison. The anount of carbon

di oxi de can be determ ned via the overall pressure under the particul ar
reaction conditions. The range of fromO0.01 to 5 120 bar, preferably 0.1to
110 bar, pédr & ipesidresd [epbpliméng thd pyrtidutap prrl amount OO0 obvaer hars apqybuedxwas which is
beadvan a98ApSyeasy tﬂtbeacqva%ﬁllﬁ SS9 & ahspl ‘[std%)m %OFreFeEh%lgc?P?cl IRl gation for

t he preparation carbonate poly urt her mor & been

f ound for P%cuﬂﬁ“éﬂ@??éab&’c%‘b%dpﬂd“t%(btaﬁ’é o Hh éeieliamauit Rhthe prentofpdiyienepiideat i on f or
t he prepar ahplojed af thé Reevauoh yRichiyneazdaenat e pol yol s i s advantageously carried
out at 50 to 150 C, preferably at 60 to 145 C, particularly preferably at 70
to 140C and very 10 particularly preferably at 110 to 120 C. If tenperatures
bel ow 50 CSwpéestabli shed, the reaction ceases. At tenper at ur es above 150 C

t he angunt F&fthé‘lﬂ%lsahgm glyp( erggrg&ld%tpayelpg); &?a%’?é &{u:%% o&' Xlk¥lene Ox] gprpot nore to

be ensured that under oice o essure ané s from
the gaseoudstatos dét@“dPaPr“ tasH'ﬁtElﬁfsanil Fé'f“‘iel‘nﬁlt’é‘ﬁ%ﬂﬁﬁ (StaqErF)dmatthpmen%pfeﬂhe rDM(F cal

liquid statfalyskoWRMRIg o %veﬁrbnathéﬁ ﬁh@n@ﬁﬂ%@k&ﬁb&éﬂ& 58RO ofS 18550} Hd and can
ercrjtical liquid state 15under the

then pass Lnto the [i [or su

reaction c '&tf°fl?lc§ﬁ§e csﬂgs%aé‘ﬁes ipiyitafly ¢ dft)raﬁiwcsﬂ BT”etP"eF"ﬁaYéH" Messe e @‘ﬁﬁépp@ﬂﬁée react or,
stirred tamhter drdop otheatdly. voRdley@mbemndpat yasvbD matseis patiydhs, @aexabelepbjapar ed in
a stirggd i ng.,cool ed via the re j.acket, internal
cool i négs u%tﬁghﬂgsﬁw& %)ro f é%ggena(glﬁlsoﬁ?q’fya'%g% PHEE BRIy %ﬁ'lt“ﬁtﬁ“dﬁ Vag85Endi ng on
t he enbodi WweneratameoZomwokto 3P0 ¥ erctrabrBl t¢b50 “Sapatioplarie asfrsly at H® t¢ o4t €nt  of

free epoxi 4gs bRttt 6AGE 0 ceed 15
DT P it oot T S DS e LR

following for- mmphﬁcatlon

35  In this context, the DMC catalyst can be already initially introduced into the reaction vessel in the H-
functional starter substance or the mixture of at least two H-functional starter substance, but it is also

possible for the DMC catalyst, which has then been dried, to be added to the H-functional starter



sem - bat ch use mhere the product is renoved only after the end of the
reaction, axgg 2biv/g3Be2scont i nuous .. use, where the product pic§/FRbRA6SH4
contlnuously, attention is therefore to ge paid in particular to the netering
rate of the epoxide. It is to be adjusté such that in spite of the inhibiting
action of the carbon 25 dioxide, the epoxide reacts sufficiently rapidly. It

i s possi bl e iLoxi de continu or. i nuously

Thi s depen g%%wk §q{ m£?ﬁg$gE8§?ngs?%ﬂsuSmmwsﬂﬂy8ﬂwd¥dqmﬁb%§Q&QE§mﬁﬁ§ther t he
product i s cerpleaddrlin the ﬁ@ldémtoaaw s@mnsﬁmemarﬁbﬁyettohdrstamrccus@nceﬂﬁéle asdymis of

car bon di oxj4le a! §§1§He%na§ust1§ﬁefpfﬁlﬁ§ %&E@Qef&%nﬁ@&ﬁﬁéﬁfﬂ@tm\ﬂﬁ slafRG sﬁjtﬂ{aﬁc@@i the
addition of the epoxide. It is possible gradually to increase or to 1ower or
to | eave constant the CO2 pressure during the addition of the 30epoxide. A
further spossiplgpe embodi nent in the stirred tank for the copolynerization (step

y) is chargcterized. . n that nal, starter co S are
ret er eq contt HeBG S oPt g AT bR ol A RY REST B i B SRR o

H-f unct i ondlic &ying ofe&r stwmamsts onthe olixtar ef weerd rsederaobmamcﬁa eusthy addittoo of e
35reactor Qi @Qaﬂfsh %vhfcﬁfi‘scéddélf‘as aSol &fn?{h@%réﬂ ofh Isd/ﬁ&?éltm %Qfoﬁ%’ 'a%(e@'ﬂ%%yugéoéf%

particularly eferably 70 to 95 equi val ent n ‘each case based on the
total anourie sHFteUpstAes iflefdPMgtcéFﬁlﬂ’% s %@ﬂ‘?’pﬁgﬂrﬂéﬁs‘ﬁrﬂng of thegstarterrybstapo thif [EMB

cat al ysm a@amlyatsmﬁldopfefe@us; b HAEE &5 /cSdndld lera ;ﬁ@esstaealégousr {oh&d drymeROIY SRiidrzed Wi th
epoxi de and n the stirred so i.n anot her reaction

c al
cont ai ner ‘tlbﬁgﬁceoﬂﬁérfegefm%?f "8 8p™mrES ¥18‘}e)°md%sl aﬁd f’ﬂ‘g © (o digidg ean i rieRls P or |t he
DMC cat al ysamed/\/hutoﬂn vinass opys hakbthry obeée meatihg varl ekk Hafk dreeharsiuuand vidief unct i onal
starter co i de are
cont i nuously LhinaartEbiepBRub e SRR EREH AL IAMELTKLBRBE R RS o
accor di ng ts'ephtahéoraé%nmeealtrp@nyth@pressmrh(aasopxeéb@mg@@bleﬂh@i@dbmm 10 mhirrb(ow i, oxi de is

met er edsi n pkm@u 10 'mtb& tS § BRfkd .{)rafe[@ay 5@ tolsiat 1d aspalsteu@[«fgypré&wédleab&dymént qui d
forn1 in order. to render ossible a better _m.scib %h%&. t he conponents For

better 10 “4HYFBEShOM%IA S@Fertsﬁlé“taf‘@éé‘tdlﬂ%?rp%grci‘tﬂw 5"'3“1 @ @rierEeSuch as
are nmarket ets tempafratex ahipdre 1 00°Z t&EMF0Foe] d 1debtlonet gefambll tHBkSintagbkth 10 batth X@barheat
exchanger  SHEIRD! Sllah pRIdNILA0E UL LB BYS: NS iR aNd f fRUaL of heat

are advant geou I NS reac s can
pr epar at i ofuchfas, p’@“l oypeniie argpol apd wb@mtm@we}@oﬂubseqﬁﬁhﬂasfe withigl lichen thkSncreasegener al
react orng mkgbufe‘%&g%@dcbm IQ)fdr é&@ﬁ&?@@t@ﬁatw@ly QIha Q&llarfycbramgﬁ(lgr r&erre e‘n@ dlI‘Jle(Rp p

react or, can al so be operated continuously, ‘or a I'oop 0 e reéactors,
The use of *"FHEH PFaENEF 2neblpEasadighnif g exemplepaiem & ased @@dhﬁ@é“%c%mhl Xi ng

can be reakds@igdroheted (a)S&f o'h@l&{mdr@ﬁar%pﬂi’éétﬂﬁes(éﬁ@@l@DM@@a’taq%@t # uipthahiR of ¥ | N
order to rea s often installed

LLze cQ conver si on,
downst r eam 2%%11936 gp@rlgtaﬁ'@? S 'ﬁ%%aafeg“cﬁ‘i'ﬂ“ﬁ%}“g Q@B‘%I@F)n‘gﬂﬂ’io@ ‘d{/“'faﬁép PP ek s
accor di ng paotitutrely preteeablyi fom Hawter @ 200mbadndpplitd. of by- products and can be
processed wi thout problens, in particular by reaction wth di-and/or
polylsocyanates to give polyurethanes, in particular flexible polyurethane
f oams. For SE8(Wur et hane uses, pol yether carbonate pol yol s which are based on

an H-funct Tﬁ@%{eteﬁﬁg'ifbf @he BH Qﬁ}?@-ﬁﬂ‘cﬁeﬂ@hb)ﬂ&s had of tfupetdnomnalild YanOfe alrids€ast 2 are
preferably e The Pﬁf her carbonate

simu tane%sly or sequenti eing possi [e for the totaPamount of carbon dioxide to be added all
at once or by metering over the reaction time. Preferably, the carbon dioxide is metered. The metering
30  of one or more alkylene oxides is carried out simultaneously with or sequentially to the carbon dioxide
metermg bl several alkylene oxides are employed for synthesis of the polyether carbonate polyols,
metering thereof can be carried out simultaneously or sequentially via in each case separate metering
operations, or via one or more metering operations, at least two alkylene oxides being metered as a
mixture. Via the nature of the metering of the alkylene oxides and of the carbon dioxide, it is possible

35 to synthesize random, alternating, block-like or gradient-like polyether carbonate polyols.



25 obtai nabl e by the process according to the invention can furthernore be

used in’ usegouseesdet er gent and cl eani ng agent fornul apic@ngofldssicsng
liquids, fuel additives, ionic and nonionic surfactants, lubricants, process

chem cals for papermaking or textile prc%luctl on or cosnetic formulations. It
is known to the person-skilled in the art that, depending on the partlcul ar

field of u%’?efersbg? anOL%gsts hcﬁ'r ca?b%r bt? ﬁx?‘c}e bQ yo%' ie tcgllcaetegﬁmowt 0% ca% J(X(hdte

certain substa propeérties,
vi scosi ty, ifseirydied merhsmpgyeth‘frm@pmmmlyoﬂ yis aln[dsbnﬂ e rdox yd thnuhbyeerss of Garb.b9 -

Exanpl es  Thgidwel @it zn @:&‘:gss Y BRETn- R 20KV 8l ITRE MBI BE caffon hQ%dPQJn%@Er S

formed was det erm ned means of gel perneation chromatograp
procedur e Wa&Mingd éi@é‘&frodérﬁ]& Bregipe HH‘BF e B@E"‘PE’I rpactiorgqnditignsy RisA#128 ﬂyﬂﬂﬁ‘? ‘b?t"zatf’ogr aphy,

Part 1 5 Tabo aliryflﬂ’e&fdbryamua@ umear;ebumumquggﬂﬁbly frBﬁhy{i)t WoERE heapilaso @k known
mol ecul ar e t| on. dr oxyl

“used
nunber) was ‘89? g lllﬁ ar%e ?Veraécpéﬁu&eaﬁésé’ ‘\ﬁ?tf?{ar{ﬁ ‘fﬁpgﬁ'ﬁﬁﬁ‘mﬁm 'y\g_'(ﬂfeﬁaéat‘r%l %1 “used as
t he sol ventwolyérnearemate ippigtle dthag furtiérmbie/bewt fyld dorehecitbassi aderding t thetinvemtionas

carried OUtthanhte an%egza%oﬁr%rQHe ﬁ%ﬁ%&l bptgggﬂg'éﬂ%pgar c9||a tpog/glg ?sclldv%[?agpé{lslgeans of

potentionetry stor ol wt spe CI cert

f uncti oned cﬁé‘ed(‘h‘éat?@é‘t 158 u@yﬂe&?’fé@’ atﬂ%@ 4ATS partigilasly Prqfﬁra'hlﬁﬁt 0 torlép Xt asd very

ng[ KOHVig[ pcpwaﬂda@rpr@amp mat1e tpabyat. Jir ﬂélaseraﬁwst 8w 6d LCQZ ektmmaeotlh@?e%&lohn the
resul ting pol %eﬁ[}%er car bo ate Iene 15 carbonate
a

a
to pol yet h&FCarbEHATE f&so? ksl lsaokéheaaé‘{"@?t %Slﬁ@‘e awé SOt PSR (BF uker,
DPX 400, 4@thikizre tp bk Sesupdabat amlez gﬂ&hoamot]tcpmgxré hitetetlperatd® C8), pﬁsﬂesﬁ‘ﬁbl&iﬂﬁl)e t The
anpl e was a rel eyan
?ersrgnances i&'ﬁ&l? t\éggffl' T%Ng%kbbaseg]%o E#I\}%{/& ep@rllr%!l Fc,’ ecr' séa(sfe ?Ierviever %Oz can 0.
carbonat e PwAldEh VS rpepise sakd andgipn ren dese o the diovid nudéorzstipedBitipah tlmuml: &tntbonat e,

resul titng LrRMhe I%Qat@ﬁagdagaﬂoﬂlcgagglge incorporated in the polyether carbonate
pol yol (resonances at 5.1 to 4.8 ppm, unreacted PO wi th resonance at 2.4 ppm

pol yet her polyol (i.e. wi thout incorporated carbon dioxide) wi th resonances at
1.2 to 1. OP{ﬁ‘pmlarlyl‘peefeheB-rémtoamdltﬁHe redct’dwﬁ&ﬁﬂ@iﬁ&xﬁk@ﬂboﬁ&eaﬁ:ﬁaﬁ Poltyb i1 Glolyoiednatst ar t er

carbonat e Pt BuEPRRANCE adherdif B e f BB R R M basPE R cosfentl at e
accordi ng telitbupades afdcoging ﬁlofab@m a ptryed Ciodulagwi, depeadily @vhatmiodselreinhg used:

A(4.5) 25 akga bpddity I18EARANE R0 1 e B BRIFREOT ofHEh R ERFAMALS ot GOL rﬁ%ponds to
an 11 aton%aﬁm rea of the resonan pm or

car bonat e pid &?ﬁfxaerid HS Wt Briicp-dpr srenls: eﬁ%ér%%%&law page 3 e 14). Both in the

semi-batch use, where the product is removed only after the end of the reaction, and in the continuous
use, where the' product is removed contmuously, attention is therefore to be paid in particular to the
metering rate of the epoxide. It is to be adjusted such that in spite of the inhibiting action of the carbon
25  dioxide, the epoxide reacts 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 t_he_ pressure) can equally be varied during the addition of the epoxide. It is possible
gradually to i-h'cféésel: or to lower or to leave constant the CO, pressure during the addition of the

30  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
35  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).



30A(2.4) = area of the resonance at 2.4 ppmfor free, unreacted PO A(1.2-1.0)
= area of tweoesat@gce at 1.2:-1.0 ppm for pol yether polyelrAfplofizcksHd) = area
of the resonance at 1.6 to 1.52 ppmfor 1, 8-octanediol (Hfunctional starter
compound) - 20 - A(5.1- 4.8)- A(4.5) "E&* 100 A(5.1-4.8) + A(2.4) + 0.33 *
A(1.2-1.0) + 0.25 * A(1.6-1.52) (IX) The weight content (in wt.% of

ol ymer - bo - . in-t i on,_m.xLure s cal.culate

gccgr di ng {}gg bxﬁﬁnépfgcq%&% a&%&%@ 25’ ELK'( Q&Iegsg%%g)cﬁ . g‘zj(nejl.lr@)quﬁ%g’m’g ﬂﬁﬁ%ﬂbﬁp%ﬁg val ue
for . N ("denbeareatdinxide N thsesting @rl, duil dtoa auatlso redétiog comaifien (b madtX|o) loop ON =

[ A(5. 1-4. 8)réa&(ﬁ_. 5)]1*102+A(4. 5) *102- 1- A(2. 4) *58+0. 33*A( 1. 2- 1. 0) *58+0. 25* A( 1. 6-1
.52)*146 (Xl) The factor:. 102 results fromthe sum of the nolecul ar wei ghts of
CQ2 (nol ecul ar weight 44 g/nol) and that of propyl ene oxide (nolecul ar wei ght
58 g/ nmok), Ii te cdsaot DfubdBadi@sitid DM dayst, WhicHRs @ftibhaAly vae GhtatsiDeforepinapisl ene
oxide and the factor 146 res t he ol ecul a ht of the H-functional

r. wei
ctlana %a%er Somponnd. Lst Self a{sqm gpoxide and carléon dlop\c,}ge ge pumped continuously
starter enployed, I,8-cdctanediol-
through a tube. The molar ratios of the reaction partners vary according to the desired polymer. In a
preferred embodiment, carbon dioxide is metered in here in its supercritical form, that is to say
virtually liquid ;for_l:i}", ‘in order to-render possible a better miscibility of the components. For better
10 thorough mixing of the reaction partners, mixing elements such as are marketed, for example, by
Ehrfeld Mikrotechnik BTS GmbH, or mixer-heat exchanger elements which simultaneously improve

the mixing and removal of heat are advantageously installed.

Even loop reactors can be used for the preparation of polyether polycarbonate polyols. These include
15  in general reactors with ‘récycling 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.

20 The polyether carb_onate polyols obtainable by the process according to the invention have a low
content of by-lpro:cf;.lcts‘ 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
which has a functionality of at least 2 are preferably employed. The polyether carbonate polyols

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

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



The weight content (in w.% of cyclic carbonate (CC) in the reaction m xture
was cal cul avedopapesdi ng to formula (X 1), 20 A(4.5)*102 $&a% ¥ ilossisae val ue
for N being cal cul ated according to fornula (XI). 25In order to calculate from
thc val ues of the conposition of the rédttion mxture the conposi tion based on
t he pol yner content (consisting of polyether polyol, which was built up from
the starter andI pr opyl.ene oxide during the activation steps which took place
under CQO2- fEI"E'E'p'C'OndI ti‘ons;, "and pol yether carbonate polyol, built up fromthe
starter, propylene oxide and carbon di oxi de during the activation steps which

t ook place ThfwtiB- HuGFERE Sy Q%@Megmf% pbBfies @mkwa%rdbt%ahﬁe%} mefr3@
non- pol ynmer 30 constituents of The reaction m Xt ure é% rﬁlsg@plgggyl ene
T

carbonat e &h&! BFeglinR é‘%’[@’f‘f’é‘?ﬁ”’ﬁ%ﬁﬂ%r@e BS@F“(ﬂ‘éfeﬁ‘faégléﬁ‘Eof aﬂ‘@r"@th
cal cul asi orpemihiﬁnw&b@htbgrspw ®Bit1 Ofettah@rdiaibanad euting Gpdntl P@ysltbﬂéﬂe%amfﬂestcﬁfe

pol yet her carbonat e into a weight content of carbon
di oxi de by%"n%‘%ln%o% lﬂ{)‘ﬁ eﬂ\&)%rte ?edéere}loi&' %3%@3 The CO2 content in the

pol yet her carbonate polyol stated ("CO2 incorporated'; see the followi ng
exanpl es ang, Eﬁ%ﬁb&khydﬁoxﬁhﬁfﬂ Qaszd@fémh&dt[m SODEENE 191fN§39%P%%1¥£ﬁerb%{
carbonate - pol'yol nol ecu formed durin mBri zati on
and, wher e“%FﬁpﬂSd]f:‘ﬁ' 1R, hewaergérieahaet BAF/metbylenei dhlotifiee Tpiraégreweseceesrﬂedcm Wdfh e, the

cont entioof ofshgipethyelib KFOHJ &ﬁ&) St RecPn W mdARY &CIeRtioMtN Cﬁs%rtﬂlltﬁ]thf dnOdRrt he
starter (18octan§4g t? eﬁ;omthe reactiqgn of the starter with epoxide
&t PeeBti P

whi ch was AHBEE B WHH 2 JRdeshasiawe Thadef sfaed gn a‘c‘?&’éuﬁf“ﬂer e). 5
Exanpl es 1tdog[BOHTB@olgabakarsinse ptyd]. pr epared as fol l ows: Exanple , 1
(conparisoh): Preparation of a catalyst which is not according to the
invention and is based on tert-butanol 10The catal yst was prepared with an
appar at us 2eeeraneg CPoinmirppratet i the piesvitingpod 898 B8nateAclol and o matiofof @S@/Ige of  zi nc

chloride i Barfddte Go Rlycthed bdrdon 6 pMRI %&rereadlgm%g’e% g Rand &M= I‘WRQﬁlel(erV\ﬁﬁx Ghd, CU| at ed
at 50C in g&gﬁ%‘/ ﬁact or conpri sln di sperser according ‘ng from
VO A 01139 PHY BOB3F &8 n%)odl‘”é'i‘m? ':meodl‘i By o4 ?&a@blﬂ’ﬁsﬁfﬁp%f""@@ls@o ot assi um
heXacyanOCdhﬁﬁt@itcﬁlo(dﬂorﬂlBed&ﬁ)ba}:e The @BZangre@hardbsih kel RAMRILRSd VRSMYBL(BpEY | Nt O
this m xtu% &fpressure loss in the jet disperser during the netering 15
and the su seque circulation period was 2.5 bar. The dispersion fornmed was

t hen ci r cuFxdlieerrfopte Gehichi was &rm&OE abngerdud) proessatd.s [Peiscartonith eespighg flérsper ser

of 2. 5sbar carﬂaﬂe(fl@)@(fet ﬁlEorptﬁ‘atSH Xt HE %oi}f:thé %rbgna%( p{)l\ngtGel‘s’éﬁtm?c@Q Le 5199 tgti ﬁé distilled

wat er and 27.6 %1 ypr opyl ene gl yco tered in and
di sper si on"“{gfste ﬁ@ﬁ“ rPSBEﬂ“%ﬁ dd-4rrgm. By elyob(e wihgerineprporass serben dipdde) i n t he

j et di sper sgk r&f)naace'é abdl’?. toZB@ pImOthet NEoFNSNBI SicHPord 3l %dHWcﬁongﬂ deted in a
pressure filter terE?:r;ea and then washed 20 with a nixture of 82

g of tert - BUPAN drwm}lazre%pnﬂ“%?“cf’tg PR¥H water and 1.7 g of pol ypropyl ene gl ycol
1000. The washed filter cake was pressed off nechanically between two strips

of fil t2§r @l?eqﬁglalac?&exfto éh'e' ?rb%\!}c(:qgofpgﬂfatfg Iglhthca ol r? % ﬁlje de%gtlog r})I(‘[ b, Vaﬁ; llajtrrc]i of

approx. 0.05 bar (abso reparation of a cataryst“aeeording to
t he i nvent #6pFdBaDRryi (g)%foﬁwsagﬂﬁl}?‘éﬁg ghbgriviafGThenguedl yst wag prepared with

an appar at W 3€GRh 8f tRgreloRarkck 84, SLprﬁmrf&rE&MQcﬁb&l{e%%ﬁgs%onde‘tosag|I-P'art6n9n of 258 g of

of distilled water and 2- et hyl - 3- but en- 2- ol

2| nc chl O“gelai@ 937
circul 8 £ ﬂi‘erfesgn?“ﬁ‘bﬂ rleht PR 1 BAyTReE A “étejpélﬂ’OId‘P§ﬁbHsa§¥“ Becordi ng
to Fig. 2 from V\l)Ayd])iﬂz/cﬁ&&&B having a bore (dianeter 0.7 inn). A solution of

20 9 by PoheRLUM, AEKAGKANAC Q9ALLAYE A0 QIR IR0 Tn 332 g of distilled water

was ne
A(1.2-1.0) = area of the resonance at 1 2 L. 0 ppm for polyether polyol

A(1.6-1.52) = area of the resonance at 1.6 to 1.52 ppm for 1,8-octanediol (H-functional starter

compound)

35  Taking intozaqc;pun_fg the relative intensities, the polymer-bonded carbonate ("linear carbonate” LC) in

the reaction mixture was converted into mol% according to the following formula (IX):



30 loss in the jet disperser during this operation was 2.5 bar. The di spersion
fornmed was wbepigissedgl ated for 60 nmin at 50 C under a presgyi:bAfssica the | et
di sperser of 2.5 bar. Thereafter, a mxture of 5.7 g of 2-nethyl-3-buten-2-ol,
159 g of distilled water and 27.6 g of ﬁ%rypr opyl ene glycol 1000 was netered
in and the dispersion was then circulated for 80 nmat 50 C under a pressure
loss in the jet disperser of 2. ar 3% 0 g of the dispersion obtained were
filtered in a mr *tloen washedoipi th a
mxture of 82 g of 2 e HyAlZ4) ESLPc3én é(—latl 0) 4207 {295 1fi%ti 1l ed water and 1.7 g
of pol ypropyl ene - 22 - glycol 1000. The washed filter cake was pressed off
mechani Ca”{#l en 2 itrlps of filter paper and finally dried for 2 h at 60
C under a hi'§Av{Edt GUM"D ma"ﬁ‘p/l’)oS’éf P bensrd catbrugle (EE) i @Fa'f?fﬂ“@“ JUXUSE SHPSr at i on
of a catal ya;lbulamwhlmommmhe()l nventi on based on 2-nethyl - 3-butyn-2-0l 5The
catal ystt was prepared with an apparatus according to Fig. 4 from WA

01/ 3988 A solution of 258 g of zinc chloride in 937 g of distilled water and
135 g of 2-methyl -3- b%.yrﬁA(Z-leHsy\,as(%b]m)m algd at 50 Cin a | oop reagtor
conprising a jet disperser accorging to Fig. 2 from W> A 01/39883 having a
bore (dianeter 0.7 mm. A solution of 26 g of potassi um hexacyanocobal tate
(0.078 nol) in 332 g of distilled water was netered into this mxture. The
pressure 16 vhlgsbr Nif"detvenijagt” i) tepe rdetatd uedoniingtthfosmop@iiat i on was 2.5 bar. The
di spersion forned was 'th'e'n circulated for 60 min at 50 C under a pressure |oss
in the jet disperser o 5 bar. Thereafter, a mxture of 5.7 g of

2- met hyP- 3NsukARRI-2- séﬂA(‘* iﬁ)’@obﬂéf S @MY BUbEA(ZH0D T846. 28+t 6ﬂ0129f‘éﬁ®pyl ene

gl ycol 1000 was netered in and the dispersion was then circul ated fgf 80 mn
at 50 C under a pressure loss in the jet disperser of 2.5 bar. 15230 g of the
di spersion obtained were filtered in a pressure filter of 20 cnB filter area
and t hen washBdoniop reseltsifioxtther emaf th8 Zogciodr v2ighe bhgd- @roktitiyrRvehold,g/rdd) aad g of
distilled e 0 d filter cake
was pr esseﬁ@ %(pr%ggﬁe;onﬁrdgginﬁlgcu% wm%ﬁt%%}morb thglfz%t% g%reft{?ts from}eer}r/l\q%cﬁpr \F.'?l%hél Iy

dried flér of propplengoxids gnddtby aetohlﬁhewh@tﬁumf@fméﬁ@]dmo‘xmg@ 0D$e blaﬁunc(ﬂamahme)
20Exanpl e 4mplbyeepad-adneiiolof a catal yst according to the invention based on
3-nmet hyl - 1-pentyn-3-ol The catal yst was prepared with an apparatus according
to Fig. 4 fromW> A 01/39883. A solution of 258 g of zinc chloride in 937 g of
distilled Wat erighnentb@S(ig wole) df Rpdli yarbdnaRL@INn FhOkeatts WBikfu@Uivat &tulted 50 C in
a |l oop reagctcgrdmc?o m]u?a( g a jet disperser according to Fig. 2 fromW> A

01/ 39883 havl ng *a Ek amet er 0.7 mm. A solution of 26 g of potassium 25
hexacyafocobal tate (0 078 nol) in 332 g of distilled water was netered into
this mxture. The pressure |£§5)I 1Ogtt he jet disperser during this operation was
2.5 bar. The dispersion f6&¢ Heeoci rcul ated for 60 mn at 5@ under a
pressure loss in the jet dlsperéver of 2.5 bar. Thereafter, a mxture of 5.7 g
of 3-nethyl-1-pentyn-3-ol, 159 g of distilled water and 27.6 g of

pol ypr opyl the di spersion was then

circul at edﬁgg?lg%%ﬁﬁmhel;g?& ﬁég)q(f)ﬂ}nglsagﬂ e loss in the jet 30disperser of
2.5 bar. 230 g of .the: dlsper5|on obtained were filtered in a pressure filter

of 20 ofB fui drdeRto cAlkBiake &OEl tﬁeh@mes\’@%fé%ﬁlmwsﬁlbn & thd %&H&ﬁn&fure&ge &)m?gsmon b%s?% oyl ene
y

3- et hyl - 3- ol of . distilled water and

gl ycol 1006‘Pq‘ﬂ% s Fasteok ECPTSégﬁn%&ﬁ(%OIWr Pl sehichopes ]i’ﬂé'& H&ﬁmﬁ‘atfl? 9ta‘[§f‘ét%en 2
strips of propsiee opdpdringthel adtivariah htypsd'ﬂlioﬁﬂi)of( @lacckinBer @0, 60e LntincHe) and pblie@lRr vacuum
of appr ox. caQonée Bcﬁg;ol,(b%gfslgfjl t‘fgme ?h'e stal_-ter,zp?r’op}lene oxide and carbon dioxide during the activation

steps which took place in the presence of CO; and during the copolymerizaticn), the non-polymer

30 constiluents Q_f_;ﬁl}_@,.:eaqyion mixture (i.e. cyclic propylene carbonate and any unreacted propylene
oxide present) wefe 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 ("CO, incorporated";

see the following examples and Table 1) is standardized to the content of the polyether carbonate



Exanpl e 5: Preparatlon of a catalyst according to the invention based on

3- et hyl - 1+penbinsesl and zinc iodide A solution of 2 g pErmm@bI/@EseRO assi um
hexacyanocobal tate in 25 m of dlStIlleg wat er 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-nmethyl -1 -pentyn-3-ol with 5 vigorous stirring (10,000 rpn) and the m xture
was then st after, a
mixture of tpglgréll%le\éklggkﬁhlwﬁyﬁo% erQ% el ga O)In%{‘lzagl g%l'gt_l @l? ?aIpB Prlate the a(i%é,%leongl ycoI
1000 in 12 5Bpgn @k persees ¢ff (mtheﬁor\tvaeofé@dreueth@ cerh@laewsbelnmlmle de)rclrtreeaultand t he

M Xt ure wasrolh@fststel [T E6bAAAT St thd Ra@RR of REktaf: G with Bhiie WG wRlabdaWa
i sol ated by&‘?é&} 1trratéff)n over a Buchner funnel and then stirred (10, 000 rpn t)
il

with a mxt" orglitpng, pasiopakeR 4o JeeafisiEh- 3- 0l , 14.2 g of distilled water
10 and 6.6 g of polypr opyI ene glycol 1000 for 10 min and filtered again.
Finally, i tifpr 0,000 r nor e with a mxture of 39 g of

3-net hyl -1 - x %S%t gﬁ Ca(ta = rém?ec‘ ety pyl ene glycol 1000 for 10 m n.

After filtration, the catal yst was dried for 2 h at 100 C under a hi gh vacuum
of approx. EQanQE'l o Bdonfp3hea): tﬁe\a,-autémlﬁh@hmﬂsﬁtz@m&rm&tOe‘he ﬁ.v&%fi‘Lcﬁ _
according to the invention based on 3-nethyl-1-pentyn-3 ol zinc bromde A
sol uti on of3pdgntegt-han} of potassi um hexacyanocobal tate in 25 m of distilled

wat er wias ardde.du}tsmaapeetrwwIMnatpa&&slccgrdmfgtozfngta fRrOWodeoi/wsgs. 5 g of distilled

t d t 10, 000
rom and t oo Gees IR PR 0 Bt ot o S0 Gy b R
further 10 atrﬁﬂr‘iC mTzhlerrpe*aa‘ctoepqmpalsm Kjetmaexeéra&pruzrxgt@mgaftthﬂ-A 0¥3988Miaying 3- ol and
2.1.9 of Dby piRYk: 87Gn ) X(‘sﬁlgttollooqgﬁkgféaéasgmﬂh&g ofiibla d&@ﬁr B hSF iRk fg?ded to

the suspension. for.ned. and m xtu tirre or ou 000 rpm
for 3 mi n. dpled ggter vasigiereddep drsaixtye. Hwefprqsquredpsrs@nthwwlsparse@emre hagminel  and

then stisrr el {4 QuQied: RMulatbl Perfdd Ha¥ LY Kir. 0Ifh'a %ispémﬁh F?)ﬁ“méi‘ WRURN cilaR@niyn- 3- ol ,

14.2 g of still ter and 0 ene glycol 1000 for 10 mn
and fil terg{ll P‘g% W%ﬁraal RGPS ﬁ’sﬁ/\}ﬁgheé‘ft drsPeé%’ Zggl of OLhG e, o Fri) *BROESABroE with a
m xt u]r e of te&QJugnCﬂ,flSS-gmétliht}tled Mﬁﬁﬂlﬂ)lﬂlé%-oﬁbolﬁiﬂdby@na?)glg:o[)mopQ‘aylgét?ﬁﬂnaﬂrﬁthg| ycol
1060 for 1 e, ca wa e or at 10000
under a hi Q’hpegédélﬁ‘ﬁ‘%t‘ﬁr El%{ﬂa{eh kotr%%;n %SBFBSSE{M;]OSS m§he]etl§5?5%f%f§2sfmto 12: The
catal ysts @ftﬂéfgiéseerslplnolttm@dp\re@ﬁaﬁmad lnc;lrprft;tiurqaﬁiteyelti?tﬁem 6hﬁrb@matdehqomlasmtis 30as

fol | owsp W 2 MRt o@rSiZ %Q)f %u%glahy§% o@@ﬁtﬂfeg [alevg el P‘F‘? P 0153@;:?9: jto 6
(see foll owg Tabl e and dri 51 1, 8-oetanedi o starter

conpound) Tlien‘i"tst‘egl filier pake r“tﬁ‘éhﬁt?é“ﬁd Pﬁt“t?clb’i‘mfa i tter“é*e'bF"éégﬂﬁslerf@gcRaB?f fith a gas
metering deéwdligériedFhe it £ 8¢ tOindwasighealed obpioR. 1B3GaCaabley. ender ed inert by
repeated charging with nitrogen to approx. 5 bar and subsequent |etting down
to approx. 1 bar. This operation 35 was carried out 3 tinmes. 25 g of

propyl ene Bxintde §:PO)pavagivs ofretaaled accayiing ty the divontidnebasedaa Ratietint-31300Q-cand i n t he
absences of 1R E%sﬁ%ﬁéréﬁ%ﬂh%ﬂa gragtggcc&gttngo)ﬁ 4%&'\{/8%@1 9%2%356” by a

tenperature peak g hot™ spot " pressure he starting
pressure (Apprise.o %5&daqf¥‘“°ﬂfltréiﬁ “t?—’fégf)ffi‘l Hlegiyasey ach131ees Sunethyl-3-but@L-0l wva9 g of PO
and then 18rglael PQover en NEIRH anctoﬂ doAPiistgYa j@SdidpelserS WebraRf: l‘ﬂhhghz'ﬁ%n?a(:h case
a tenperat wge @msﬁnﬁl a drog essur7e |n turn occurred. After the reactor
had been charg h"B6Eh4r ‘H‘F cteg (. BP)- P FRrenmet eted oh WOESIW y, as a
resul t of dxhaymogobileng@:02 molemﬁeagon&muwmr&fai ﬁéter@d e thik Mkturd. rme;{r&sbd’m 1]. At
the sapg t ndl ed to fal The 5

pr essu?@ Wla(t)gEel Pé}}eg‘% ggﬁ&gg@ et ?p%p enW‘i‘st2 erhe °6lv§g Tl gwgsé?w'\/%t’i‘"’w@tegf resh
CO2 was adteéd m@ﬂ?‘)ﬂr@dﬂ\m%m@orsewﬁmmt rhlgoetspldrfWSéneTbmader ¢ 43&rgf SPunped

cont i nuousksy2-ineh -3tﬂ%eenrzaﬁ0t5@r 8t digtRiRd ter And827951 gto@ po%jof)ﬁen@f g 1%@0 WaQUt oS the
terrperaturevva owere tg 105C in st eps. of I ve he

addi ti on ofe'PEs Rgyd @ﬁ&@ﬂem‘%‘t‘i"*fsrﬂi‘er‘?g“r“%éf’éedcf@rﬁol%ﬁé 0°§ “B@ﬂDarpﬁ?ﬁ‘—)“feat’ss 1@5‘3@ under
t he abovensiggeisanerspsessure until no further consurrptl on of CO2 was observed.

35 230 gof the dispersion obtained were filtered in a pressure filter of 20 cin® filter area and then washed

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



10 Table 1: Preparation of polyether carbonate polyols Exanple Catalyst from

Exarrpl e Al opbaebizizpessalt Time 1 [nmin] CX incorp- . ;
I i near carbonate selectivity OH nunber ng of KOH g] Pol y-dispersity
1 (conp.) tert- but anyol ZnClZ 84 19.1 014

10

15

20

25

30

35

57.6 (2)

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 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 25 8 g ‘of zinc chloride in 937 g of distilled water and 135 g of 2-methyl-3-butyn-2-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
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 2- methyl-3 butyn-2 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 ¢m” 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
glycol 1000, T he 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-o}
The catalyst was prepared with an apparatus according to Fig. 4 from WO-A 01/39883.

A solution of 258 & of zinc chlorrde in 937 g of distilled water and 135 g of 3-methyl-1-pentyn-3-ol
was crrculated at’ 50 °C in a 100p 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
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 dlspersmn 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 ¢m’® filter area and then washed
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'rzl'ﬁh'{‘z'i't' 60 °C-under a high vacuum of approx. 0.05 bar (absolute).

or at ed piwier b {(1lossfedcl 1 c!
7 (conp.)
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Example 5; Preparation of a catalyst according to the invention based on 3-methyl-1-pentyn-3-ol
and zinc iodide
A solution of 2 g (6 mmol) of potassivm hexacyanocobaltate in 25 ml of distilled water was added to a
solutlon 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
5 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°pmi) 'with a mixture of 27.3 g of 3-methyl-1-pentyn-3-ol, 14.2 g of distilled water
10 and 0.6 g of ﬁolypropylene 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),

15 Examp’l‘e:6‘:"i5:l‘ei;£‘l:’=ﬁjfi;oﬁ ofa i:atalifst 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

20 further 10- min: Thereafter a mlxture of 0.4 g of 3-methyl-1-pentyn-3-ol and 2.1 g of polypropylene
glyeol 1000 in 12, 3 g of dlstllled 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

25 (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 polvols

30 as follows:
141 mg of drled bMC cata[yst accordmg to one of Examples 1 to 6 (see following Table ) and dried
51 gof 1 8- octanedlol (H—functlonal 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
35  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,
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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 énd 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
5  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 mmutes !tl{e:télhp-éfdture 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 until no further consumption of CO, was observed.

10
Table 1: Preparation of polyether carbonate polyols
Example | Catalyst Alcohol | Zinc Time 1 | CO, Cyclic / linear | OH Poly-
from salt [min] | incorp- carbonate number | dispersity
Example orated selectivity [mg of
[wt.%] D KOH/g]
7 1 tert- @
(comp) | (comp) butano] | ZClk | 84 19.1 0.14 57.6 1.55
8 a 2 | 3-buten-2- | ZnCl, 15 235 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-methyl-
11 5 1-pentyn- Znl, 20 223 0.32 82.1 1.79
3-0l
3-methyl-
12 6 I-pentyn- ; ZnBr, 12 224 0.35 82.5 1.67
3-ol
comp. = comparative example.
(1) CO, content in the ijart of the polymer formed in the presence of CO; (i.e. the contents of starter
5 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
beforehand.

20  Itisclear 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



22.3°0.32 82.1 1.79 12 6 3-nmethyl- 1-pentyn- 3-ol Znl3r2 12 22.4 0.35 82.5

1. 67 conp. woeoimBLasi ve exanpl e (1) CX2 content in theppayip20f/debsapol ymer

formed in the presence of CO2 (i.e. the2 ontents of starter 15and pol yet her
whi ch forns during-the acti'vati on under -free conditions are |left out of

the calculation). (2) OH nunber of the reaction m xture, the propyl ene
carbonate f(@:{a%gs é‘%ﬁzi’. %Xén%esqst%ﬁmm% alefotfa Bﬂ@éﬁ?&ﬂ@ﬂqth 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
5  required fdi‘" aéti\'fé:it-i:':f)‘ni'i‘)frthé catalyst under carbon dioxide is shortened, the best result having been
achieved with zinc bromide (Example 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

activation under carbon dioxide {time 1).

10



WD, 2012/ 032028PCT/ EP2011/ 065364 - 25 - (Exanples 8 to 12). Exanples 10 to 12
show, withwbeosid2ek a DMC cat al yst with 3-nethyl-1-pent pagmrhoafesshi gand,
that the halide of the cyanide-free zi ng salt has an influence on the

i ncorporation of carbon dioxide and the i me required for activation of the
cat al yst under carbon dioxide: At a content of CO2 incorporated which is
increased igpificantly compared with tert-butanol as a ligand, the tine 5
required for activation of the catal yst under carbon dioxide is shortened, the
best result having. been-achieved with zinc brom de (Exanple 12). The hi ghest
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t he t enper at ur edgékkneduciande ctata@sta:ompnseéanmﬁsammﬂﬁralce}aﬂ Borcotiplexingieeagd i me 1) . 10
WO 2012/ 032028PCT/ EP2011/ 065364 - 26 - Clains Process for the preparation of
pol yet her carbonate polyols fromone or nore al kyl ene oxi des and car bon

di oxi de i n2t he Picesseirewsding togdain d Ay treagiivn ofl onslolr enoreeigriene gideis cherbomdiatigesand  wher ei n

the doubl e net abnecafaﬁurge ﬁ@&@hayeian&emfahée@sn R HOSAL WFat gek LEANS) Asala
conpl exi ng Ilgand ess accord 9 to claim1 by reaction of one or rmre

al kyl ene OXi des"yaﬁlé\"r BWIBéheaflﬁbb ORealgyanifscalalypt AR IS SR N saly agdaephol

subst anges in tli‘s&cﬁihﬁ[&&ﬁg:@aﬁl{ at | east one double netal cyanide catalyst,
wherein the double nmetal cyanide catal yst conprises an unsaturated al cohol as
a conplexing ligand. Process according to claiml1l or 2, characterized in that
t he doubl e 3ret aProeeyamcelding & alkipst ocdnprirgesedin thrshkt dublk etz lcgohiolcatafst t he
formula (R1l) (R2 r y ﬂg?@ fr2d

carbon atons ha%ﬁé%%cggasgﬁﬁgﬁeﬂ&%é@gnﬂg?ggrmél{a ﬁgas ?%b%%*g"r"@u% an R2 und
R3 i ndependent | Wdgfarbacgiowtahdro 2 wrtiay dipng baying@ lepsh ore2G=Caankipr at 1@g oveoCed 2-

cycl oalikyl, phegyhp :Q:ElR'iuB&’@U’ AR 0696@&!@1 &iﬁer%ret@d.%gencem%su-akﬁr@ tt}@(l ng at

| east one C=C and(O bf ast one Procéss accord to claim1 or 2,
characterized i WP Rhﬁ’éy abwdé“ﬁa?“aamwéﬁﬂa%@ gaso8  A{pas hé‘ﬁ 8 PNHE=¢ he

unsat urated al cofiel at¥kabiehen=c¢ gotp. 3-butyn-1-ol, 2-propen-1 -ol, 2-propyn-1-ol,
2- et hyl - 3- but en- 2-o0l, 2-net hyI - 3- butyn-2-ol, 3- buten-1 -ol, 3- butyn-1-ol,
3-nmet hyl - 1-penten3-o0l and 3-nethyl-1-pentyn-3-0l or derivatives thereof,

wherei n oné. or Protees ptorting thyleimogen2,ahanBerized nhBat UlRSEdubIE atced c@hiohhlgst i S

repl ac by hal | ai;m 1 or characterized
0t hat%gt he dou gﬂseggﬂﬁg%ﬁsagﬁ IE g«gﬁgog?l%cb%%% olg. bugmcl oq22 prlf%Pteﬁ 1|012§ Popyc -0 g 1[2

2- met hyl - 3- but yhmgthy3 'alrm&sﬁ réenéiil-3 bmtyn-g@hﬁ;hqte@-lo)ﬂ, Sestynfiel, @ﬂwmmmm@ aI cohol

Process accor di ng 43 &ledym. ng,rn-32ol opke@,we&ssetmrz&olyﬂeelm@tm fbe o@'@luh%&o tal
cyani de catal yst COEBEI ses 3- Y pentyn-3-ol as the unsatura al cohol .

Process accor di #y™t! I‘”éﬁa’f‘ﬁaied(ﬂ}mh?s‘W@I?C@?Wﬁaﬁ’@e‘tﬂ@%at alyst is prepared by a
procedure in which (i) in the first step an aqueous sol ution of a cyanide-free
metal saltsis rlg,;gceg ed. wi.t u I ut |

ague t al anj.de salt in the
or esen%e O? orie tockss, accord1n$ 1o Qalré] conplce%fw erlz? r{[ﬁa the %%NEIF Sk éﬁ‘ ld?f)lg %’Bs e
unsat ur at ed al cehotisss |23ne¢lo’h3~autﬁe2}01ei2ﬂml 3 hutinheol and237methyl 1-pentyn-3-ol as the

unsaturated alcohol.

6. Process according to claim ! or 2, characterized in that the double metal cyanide catalyst
30 comprises 3-methyl-1-pentyn-3-ol as the unsaturated alcohol.
7. Process according to claim 1 or 2, wherein the DMC catalyst is prepared by a procedure in
which

(1) 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



aqueous. sol ution of the cyanide-free netal salt, the aqueous solution of the
met al cyanivie 268)d32¢28 | N bot h aqueous solution, (ii) whereichmptiRsacond
step the solid is separated off fron1th§ suspensi on obtained from (i), (iii)
wherein in a third step the solid isola td is washed with an aqueous sol ution
of an organic conplexing ligand in the absence or presence of at |east one
unsat urated al cohol:. . (i¥): W i hec sol i al ned is then dried nd
wherein i n the rir ey KhalhS! &L QulilEeR SR AcIEts (bSO BLE S BRE doub e
metal cyani de conpwulintinpgibesnersselep, one or norc organi ¢ conpl exi ng |igands
are added. ProcggswRecOhdhd\@cdng soh Blehiks is WASLEH BrriBmttiesuljehsdn lafPd Bbm

imedi ately after the precipitation of the double tnetal cyani de conpound
(second step), onetor nore organi c conplexing |igands and one or nore

unsat ur at ed al cgioliserdt @ aaddetp tHer6lRESSated GC\OIsEHdRGth ta® adiledis Bdlution Wharsddahict he
cyanide-free netal salt. enplo or formatio f the C nd 1s chosen
fromat | east onef%?m%%%g1?%§%3%3%§?§¥¥HﬁwgPogﬁﬁﬁﬂfﬁ?%%%%%?gggﬁg’bronide, zinc
i odi de, zi nc ac@vavkreivhaelidoetipddactbenohiad.e, zi nc benzoate, zinc nitrate,
iron(11) sulfatg,q JdreRhidh (Rt QP Henmddi@iM die) & BeQfil BBk hdd Fhlger 1 de,
cobalt(11) thiocyanatef niékel?%l) %hf%g¥d§ %n@%nﬁéﬂ§1??l) A*trétgg Process
according to cl #merynd G sien. en5er BysAfeadc relsxitetizandses addwnpl oyed f or
formatilon of the DMC compound is zinc chloride, zinc bromde or a m xture of
zinc chlori,de d zinc hrom de. Process_according to.claim7, wherein the
e Ceyantie aEPrcrOneR el LAneERF pE RS oLt st P Cher bt

consi sti ng of - pbt dedieumatii exadly anogobd(sta@ne{itd),| gne opab@sdatimcomplexing ligands
hexacyanof errat g(l.lJ i rrate(ll1), calcium
hexacyanocobaltatg%“Fﬂ@%ﬁﬁ%%%%&?ﬁﬁgﬁégggggnocobaltate(lII). Process accordi ng
to claim2, characterized in that (a) the Hfunctional starter substance or a
m xt ur gsof gat | Basks d¥Rdidd rof WG] ONAdin Bt 8JahRE-HSLRSHIARE Efplbydd AR R ! of
initially |ntro§UﬁS€:|nto thehrea tion vessel and, where aﬁproprlate, wat er
and/ or ot her re3uPMy YEPALIEe 8‘“6’H%8’E}r‘i‘8l§asé?‘§ of Bfi8tPuR cqusigfingion ging chlarde 2k

catal yst, the Hrbuidetzieriadidestiat b@rateS Hibs hatyecst@atel A Fanxdatel SnOfitratt, fog@st two

H-functional starier sibst ance i ng.add ef or.e or r the drying, (13)
al kyl ene oxidesﬂgﬁgl@a @%%3§5§P§§0@%g%g§§%t f%BP%é“ﬁ?@b&@é”ﬁ%%ﬁﬁ?%ﬂ@gfrom
step (a) ("copotarde indaicked@l pitrate- 28 - 13. Process according to claim 2,
charactgrized in that (a) athe. Hfunctional starter substance or a m xture of
at least two H-functional starter 5 substances is initially introduced into
the reacti &h vedewsss ssrridipaostain dayhsreinthpeyanidetien myalval erplexsd &sivoairaf ar e
renoved by el eviaé BMMQ edfpRi@l ¥ zBic NS zih©BUERIE oP b @RS &f CindNbi@ ahd Zabe DVC
catal yst being add%d to the Hfunctional starter substance or the m xture of
at least two F#?ﬂﬁh%ibnal starter substances before or after the drying, (p)
for the activation 10(pl) in a- first activation step a first part anount
(based,on et : t %1 | oy iLn the
acti vat2 ig)ontlgnd %%‘%%)sl ag%’é%tgg fab“{n??v&?’g@ﬁ% %erJ[c béygﬁﬁ%&p ene 1%%0?5@ Oinsa?%?j%led to
the mixture resietidg ther offPat epenpiating iof eleritymp oksspdyprwcdboliata(B.s Eothdiiun on of

the part amounthefcyablhi@me ¥dsden OBLabRARG YD ARIGARELES LMl hgq Pr esence
of 002, but prefera%uy in th? q& ence of 002, and the tenperature peak ("hot
lithium he ‘acyanocoba tate I?).

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
7 DMC catalyst, the H-functional starter substance or the mixture of at least two H-
35 - 'fﬁhéfizt;n.alfstérter.éubstances being added before or after the drying,
(B) alkylene oxides and carbon dioxide are added to the mixture resulting from step (o)

("copolymerization"),



15gpot ") which occurs due to the subsequent exotherm ¢ cheni cal

reacti on

and/or a drep20mn/@eessure in the reactor then in each casgcbmmmlmgaed (32)
in a second activation step after the t? erature peak reached in the

precedi ng activation step, a second par

anount (based on the total anount of

t he amount of al kyl ene oxi des enployed in the activation and copol yneri zati on)
20 al kyl ene oxides is added to the mxture resulting fromthe

of one or nore

precedi ng activation step,

it being possible for this addition of the part

anount of aPky| Biersoserddngigtciagmalchyjacteyzddén dairried out in the presence of 002,
but preferably in the absence of 002, and the tenperature peak ("hot spot")

whi ch occurs du
in pressure in

3) ("copol SHtS
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“ ([31) in 2 ﬁrst activation step a first part amount (based on the total amount of the

mixture of at least two H-functional starter substances before or after the drying,

for the actlvatlon

amount of alkylenc oxides employed in the activation and copolymerization) of one or
more alkylene oxides is added to the mixture resulting from step (w), it being possible
for this addition of the part amount of alkylene oxide optionaily to be carried out in the

presence of CO,, but preferably in the absence of CO,, and the temperature peak ("hot

g ._spot") whlch occurs due to the subsequent exothermic chemical reaction and/or a drop

in pressure in the reactor then in each case being awaited.

(B2) in a second activation step after the temperature peak reached in the preceding
activation step, a second part amount (based on the total amount of the amount of
alkylene oxides employed in the activation and copolymerization) of one or more

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 optionaily 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.

one or more alkylene oxides and carbon dioxide are added to the mixture resulting from

step (B) ("copolymerization").

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

no hexanitrometallate units [M3(NO,)s]> (M? is a trivalent transition metal ion).

lto



