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‘invention relates to a process for preparing polyether carbonate
pol yols fromone or nore Hfunctional statter substances, one or nore
al kyl ene oxi des and 5 carbon dioxide in the presence of at |east one
doubl e metal cyani de catal yst, wherein the cyanide-free netal salt or
metal cyani deMethdd fos @atodwiing pelyathei cobodhid fdvsigubl e metal cyani de
catal yst, or both of these salts, contain(s) 0.3 to 1.8 nol of base
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catal yst synt 1 I i i hydr oxide, . net.al
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where e and f are each an integer, and where the product shown e
in schemdd(1) 20 for the polyether carbonate polyol should be

nder st ood t s .. havi t.h tructur.e shown
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functionality of the starter may vary and is not restricted to the
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cyclic carbongt.e show in fornula (1) (for_ exanple, where R = CH3,
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C32, to the DMC catalyst until t occurrence of the evo 0
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drying the ta and optional | he start t elev _ ,
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i nvention. The formation of copolyners from epoxides (e.g. propylene

oxi de) and caR Bawmsi bk 1as magiondps ssheme kibiarecolpgicaldx sienyladyariieous since
4500704 qgscrthigeéaétﬁﬁ constitutes the conversion of a greenhouse gas such as CO, to a

polymer. A further product, actually a by-product, formed is the cyclic carbonate

shown in formula (I) (for example, where R = CHj, propylene carbonate).
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Activation in the context of the invention refers to a step in which a portion of

30  alkylene oxide compound, optionally in the presence of CO,, is added to the DMC
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catalysts. Here, 15 for exanple, 71%of the propylene oxide were

converted after 48 hours at 35C in a reacyor proceeding froma

starter substance and 12.? gBOL proggleﬂe gébdg (21% H?D|) an? a

carbon di oxi de pressure of 4 ar. t he .5 Mol of propyl ene
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exanpl e, the propyl ene 25carbonate content in exanple 6 of 't _
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obj ect of th esent I nvention to provi

pol yet herl0 cambtivaioe sfepliy tescontmt bfthe predent ifvedfiasi.ed with inproved
selectivity (i.e. minimumratio of cyclic carbonate to |inear
pol yet her carbonate), with a wait tinme ("tine 1" in table 1) before
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substances, @hecxampDreyAbiut ?fgﬁ;ﬁk?ﬁﬁie%e CaMR dqsltgtxdgjﬁo Daf e igla

presence of at |eaSt one DMC st, wherein the cyanide-free ne
salt or net akeagtpanprpeeashiig fidn us edartesr sybrspes atnidon23f gt bé MB/lene oxide

b et er abi y 0 BLABm DGRt JistiaS BRter 518 . @t 6 104 e efpraadene
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cgt al yst syn'f)hesi s;l in the for n%t of )an al kal?ne me%l hyjj‘r?lofl{]%e,mﬁ%){ %Ife
car bonat e an@ndpnatepripresiicde. 15Base equi val ents of an al kal i ne netal

hydr oxi d nmetal carbonate and/or netal oxide are understood in the
context of the invention to nmean the equivalents of the resulting

hydr oxi de i oNgOLA 2006/16VEIH distiokdsl & plbceSO G BElpOko trbBica! thdlibiSation of
nmet al hydroxi des, netal carbonates and/or netal oxides used in water.

For exanpl e, ¥elis saghongtes o This i peligyadobnedding 8 (T@sphilic sulstanse (ff dxample
equi val ents. yefluorinated compounds) to the DMC catalyst. Even at a high CO, pressure of
62 bar, low propylene carbonate contents are found. For example, the propylene
25 carbonate content in example 6 of the publication is only 2.7%, but the polydispersity

of 7.98 is undesirably high.

Since propylene carbonate has an exceptionally high boiling point of 240°C at
standard pressure, the removal thereof from thg reaction mixture is inconvenient and
30  time-consuming. It is therefore desirable to develop a process for copolymerizing
epoxides with carbon dioxide, with formation of minimum amounts of cyclic
carbonate (for example propylene carbonate). It was therefore an object of the

present invention to provide a process with which polyether carbonate polyols can be
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+ preparing polyether carbonate polyols fromone or nore H functional
starter substances, one or nore al kyl ene oxi des and carbon dioxide in
the presence of at |east one DMC catal yst, characterized in that the
DMC catal yst is prepared by reacting an aqueous solution of 25 a

cyani de- freepgra;a i | de
salt in the presgérgic‘?zﬁ%]tcl %%Q%%a%%&?g:%&%%n%pegfl ?CI{EE%& 1"1‘?i {0 fiear
exanpl e an etplmlaretlwr catbopite), withna wait time ¢"tahdkal mnmbitmtlﬁbefbbedmexmdpémture
met al carbonat /or (getal X1 de bel resent either in the

aqueous sol ut 11E!)f c’tﬁgp VRREOp ele gy Ay shorigh yedfyime has an
sol ution of taaea:ﬂ@geahs@fy&@bﬂﬁle%%bﬁ far AU A ys solutions, and
the sum of the 30 al kal i ne net al c;/nér&l détjs9 ne‘flgpgé(%ar bonat es and/ or

met al oxi 8es used being 0.3 to 1.8 nol, preferably 0.6 to 1.6 nol and
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process for preesy toigp t fdyetha QORae PALYIR! Fodh IR cﬁ‘tmbl%aﬁt%\ﬁﬁﬁmal
H functional starter substances, at |east one al kyl ene oxi de an

carbon di oxi GBrehsibREnpRseerrane alkyiwve oeiadeaﬁy@ rarbein divsideen therprestnce of

continuously,.; t se. ol yet her ca bona
pol yol s obt ai neggqér?ll%aﬁé@gr ?al gt &E% %H& g CVW%% re%ﬁj é%ﬁ%lF 8t W &V%m S salt
functionaDi t ysaf foalprdpaﬂasfbn @ﬁﬂle DvES edtality oidfot’ of theSo saﬂ“f@hﬁmi&iﬂ%ﬁﬂ ahby 8

of 2 to 6 and st bEloerabl y of 2 to 4. The nvol ecul ar WEI%
preferably 46‘@? B:64# A malrpdpete peelerablyahe Yo bdanelef @wﬂglﬂ‘mlﬂnts

10l n general
possible to u%gesgﬁaoﬁgenelﬁlre&g@? h%‘ﬁﬁggﬂ‘t‘ gsftdcar% Mﬁatsﬁn@l?sﬁ)h% the form of
al kyl ene oxi deslkabing nngta?hﬁi&omde Joetabdairmateradd/or diet4lxafgel e, one or

nore conpounds sel ected fromthe group consisting of ethylene oxide,
propyl ene oxi de, 1-butene oxide, 2, 3-butene oxide,

2-met hyl 14, 2 BREORRAI € -
2, 3-pentene oxi de, 2- %% gleal{ m&gﬁ&gfj@g@@&&gﬁ?ﬁ&e t£)lS&%r\:,\t teﬁ%ﬁ%g% leonxéde
oxi de, 1- hexéﬁélfﬁﬂsti@d 2 ﬂ@-dtmmhef thx indenti@y wmmheeqmvaimts of the resulting

2-nethy| ne oxid Y, ent en

> ethyl - 1.2 BITEESaafRit Be. fielt ohdul i Gabatiornaf sine biinsomenl fyfenides,
oxi de, 1- dec @ftal ¥ibdRatesd aniMISAEHELQdésARed A1 Q%?%@%xﬁﬁ%@e@ S mol of 2 metal
4-met hyl -1, 2- pent ene oxi de, butadi ene nonoxi de, isoprene nonoxi
cyclopenteneC@%P@%eﬂﬁy@i@Hé&éﬁéoﬁwﬁdéqw3¢@Maheptene oxi de,

cycl ooct gpe 20 oxide, styrene oxide, nethylstyrene oxide, pinene

oxi de, nmono- or polyepoxidized fats as nono-, di- and triglycerides,
epoxi di zed farpmfemdembo%eﬁzéfmatpeésenﬁﬁvmwa faﬁa&eis%%y repriiSpolyether
eplchlorohydrln‘%gly0|dol and derivatives 01@8 ycid or exaﬁp?
methyl gl yci 857PORAH @plyolst figm eeyes ay)re H-fraetioml etampr h@be;ancga,msdm more
ether, allyl, lgigféﬁ% _%lqegtaﬁgrc rb%hycﬁb)g Iggltl ﬁ%r cgto? a‘? least one DMC catalyst,

epoxy-function OXySifanas
3-gl yci dyl ox ylpmmqjlmﬁedﬂm ﬂ‘tahﬂv)e)BM]C‘admlyst is prepared by reacting an aqueous solution of

3-glycid ropyl tri et hox | ane
3- g| );C, d 5 algé Pﬂ?ﬁ‘b‘o@s tgﬁhe aqueous solution of a metal cyanide salt in the

3- gl yci dyl oxyREGRYIelLB Y th %&s
3 gl yci dyl oxgpropyl o dfﬁto Yﬁs&dngﬂgx ligands, for example an ether or alcohol,

3- gl yci dyl ox9yps opmoter alkslummptakhydrbmﬂes midisel aklionaes andst detal wedbsdefg

referably ethyl ene, oxi de and/ or Q ne oxi de, especially
Br opy! eneyoxP]i?gen?§§h§ullnt Eﬁlagu‘ﬂ-uF ﬁ&v‘:‘f B%ﬁglthes‘fﬁ’ﬁ%dér f'sel}{!'))‘%tlahﬁﬁibgf thscaqupeip

be conpoundssdiavdmer iy Fh Qe aRLdR St A&t inS il quetot]? s@LHRY LA | P:ﬁagsum of the

Groups whi ch have active hydrogen atoms and are active for
al koxy! alQ onalkpline metal dyduopides, merl|, carlbidsparidhmr petahoxidsy usedNiding 0.3 to
1.8 mol, preferably 0.6 to 1.6 mol and more preferably 0.8 to 1.4 mol of base

equivalents (based on 1 mol of the metal cyanide salt used for catalyst synthesis).
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- nore preferably - OH The Hfunctional starter substance used is, for
exanpl e, one or nore conpounds sel ected -f4.0mthe group consisting of
nono- or pol yhydric al cohols, nono- or pol yfunctional am nes,

pol yhydric thiols, carboxylic acids, ami no alcohols, 5

am nocar boxylye ;ﬁ‘@éeg§f0rtpli‘éﬁﬁnﬁé 81@9?!11%1* cdty (ﬂ{ ol?&ig ?lroﬁl atH?ele?xI&I@ﬁ[ﬁlnctional
pol yol s, polyester polydls, yester et yol's, polyether

car bonat e polsjasies Sumtﬁhly@amtimme gjhylyznds emdpaild/oabdnodmkeis jin the presence of a

pol yet hyl enei her am n hase known as
Jef f ami nes(r)ﬂp}/‘?:e r?{“ariﬁsgt%hé ?5@6@& igu f@ lb%? 8 ompatdse. T- 403,
T-5000, or corresponding products from BASF, for exanple

Pol yet her am ne D230, D400, 10 D200, T403, T-3000, T5000),
pol yt et r afydridewoksther %ﬁbowaﬁﬂyehm@l@ﬂﬁdﬂnfacmmwnﬁ the ieveatiph generally

o Lot Sy arars PRREHOdIE) pe A AR Ponc BEeraiD 0d 245 8B htc preferably of 2 t0 6 and

1700), pol yemist ptdiérably, offi®toy/ ACTHM Rbkchlal Yeldht 1§§&1f&£b19uﬂoo thhe dﬂ@f‘g?mol
or diglyceride, of ricinoleic acid, nonoglycerides of fatty acid

cheni cal |y n@af masgipredaely 589 to 69/ &mol. 15" ¢ r i gl ycerides of fatt y
acids, and Cl1-C24 alkyl fatty acid esters containing an average of at
| east 2 OH groups per nolecule. Exanples of the Cl1-C24 allcyl fatty

aci d estéfs domgemral lﬁ@‘ the pawessageonfingto thedftentioAHt G4 PORIIPSRY use alkylene
nol ecul e are co rci aé pr og{OCt s such as Lupranol Bal ance(r) (from

BASF SE), Meroé} TYne g FaERR a(qf?%&}hﬁél%ﬂﬂﬁnaowéﬁhwe&%%mqp atoms are,
Sover ol (r) Ff&oé;del , oh& Q%G%E%rﬁpdﬁkﬁ Sl ﬂoﬁmyéfbé gﬁsmﬁ%f &H}qene

Soyol TM pr oduct s om USSC Co nono unctl on
subst ances u@éuierr@yonyéeml edfiol s-putene nesde, thB{bhsenarrdudmrbmeﬁiym ,Bpiofene
et .hano

The nonofuncti o ohol s, used ma t_.hanol

propanol , 2- SFB%%%JI%H&TG tﬂﬂdfx’ fpmﬁe%%%%‘rs %Qqnfengﬁ)%%ﬂ—mgﬂymlgnbutgne
-ol, 3- bl1|’§ YNoxibe; ngeth?lE’I 2-paRinBYdxids, buheRme- &Jmle 2.3-hexene oxide, 3,4-hexene
2- nethyl 3- butyn propargyl al éohol ,  2- et yi 2- propandl

1-tert-but ox?xvﬂﬂpﬁtm@hﬂl-l 2-peyfenn axide, 4aqtlylt lahpbnters pmde,ab@thyl 1 ,2- butene

b hexanol o B o A lencl R8P e SR ool PRk
2- hydr oxy bi pbﬂitﬂyﬁj I- ddefcyfﬂef 6346 PheMyl-1, Zipe nfsnd loRidebbpgiend monox1de 1so rene
2- hydr oxypyri di ne, ¥droxypyr|d|ne hydroxypyrldlne Usef ul

Ci

nmonof unct i on&}onamdﬁe@ wERiGhR Oxidat SHictakerwne axida, cielohdnptenernxide, cyclooctene
pentyl ampe, Eﬁéyét Q%'x ANy ltﬂ}&%yr@ﬁé ks nﬁmeﬁ)é' bk pxi E,L%hg?e] e?lﬁ]i)(gprepom&}zéd

nmor phol i ne. unc onal tsed

1- propanet hi fdts a2- pro&panélt-hamll mglycebi(ﬁe@,nepchm&lked fatty acids, C;-Cyq esters of
3- et hyl - 1- but an tgfu% gut ene | -thiol, thiophenol. Mbnof unct i onal
_ 6 - car boShNidizet iy ai =LR1Pé° hiqrghydri, gdycdolgaed idgrivatives O(Srgimldﬁﬂh dor

aci d, butyrlg 19 &

ol eic acid, X elnéz @Iﬂg}' ¢ glﬁh I%@I Efy?%ﬁhcg?egﬁ)glé?xﬁ?g F?@gr’ allyl

aci d. 5Pol yhgbmdyl adt]nmhcgljgndsyh mathbﬁyhﬁe I-&nﬁu&;ﬁixwdhﬁdtmﬁltﬂarall@floxysﬂanes, for

substancg?s are, for drl aI cohol s (for exarrpl e et hyl ene
e

gl ycol t FEATERE ﬁ%i}'&gﬁ’ OxﬁpEﬂﬂ/% F‘W]@Pe dighyady e emEoylyigtoxysilane,

13propaned5 cidvldz shafle bUtE H‘%é |
neopent yl 2 léy elﬁ?gi%e OK?, arreet h I%g e%#oﬁ}él }ngfg'JOixpfsﬂane

3-net hyl 1, 5- 5@M@dﬁémm9pmhﬁdi¢mmwml 3- @y@@laxmbp)ﬂuﬁsopropoxysﬂane
1,10- decanedlrﬁe alklylél'nze 9}8ges A%d are preferably ethylene oxide and/or propylene oxide,
especially propylene oxide.

30
Suitable H-functional starter substances used may be compounds having hydrogen
atoms active for the alkoxylation. Groups which have active hydrogen atoms and are

active for the alkoxylation are, for example, -OH, -NH, (primary amines), -NH-



10 diol, bi s(KPAYHAESE 1) cycl ohexanes (for exanple PCI/EP2011/057739
* 1, 4- bi s(hydroxynet hyl )- cycl ohexane), triethyl ene glycol,

t etraet hyl ene gl ycol, polyethylene glycolds, dipropylene glycol,
tripropyl ene glycol, polypropylene glycols, dibutylene glycol, and

pol ybutyl ene glycols); trihydric alcohols (for exanple

trinmethyl ol prepamtary ghyieey, OBH #nfi-TLU, @referbby —OH ARy ARYY,2 h‘Fé)re predRbLy —
ong elrmtn;e congroohds

oil); tet rahydrl c al cohols (for exanple 15 pent aerg hrito
pol yal cohol s QH.oF éi:ﬁmtlen@émer gnbstahescised|is, ferpxamy

hydr ol ysat es, h

hzdroxz funct) g‘?\tk{l &getP %bllﬁﬁgf?ﬁ#yg (gt}s}élé’m alofrfoélgydjél? algqhols, oy pr
nodi fi cati on pplydishetibsal ofantifess epcﬁlmr@fenmbnnedﬁmab?m?la&d@ Leﬁrtuﬁbf BRIORHI,
anounts o caprol actone. 20 The H functional starter substances may
al so be sgl e@P’é‘gOCP‘EbSWIE%é°1§%:b@%°aﬁ]<9@h‘8$ airesy @ﬁ@rSpmly@tbhrepolp;@MSypplsrester

especi al ly t:@@%ls ?Hlpgﬁelaetﬂalﬁ)% 'bo@@glgf'[:ar dt@ 813r garl% %IEQT? Pﬁﬂs

to 4000 g/ no Preé ence I s given yet yo1 orrre
repeat et hyl @nb/cmbonm:asarpdlypthﬂaqnleemaes;ml}ethemmmes {foefeﬂlﬁ;hlbyhébavlﬁmﬂmaas

[ 0o d f bl
vt ng 2 pr OB TR ORI 00 25 P 5l eHoDARD- B0 & 40P <i00Rse
be random CO@@ﬂrV@Sﬁ&ng%@@&@tﬁ&I@@AWf& eﬁ#ﬁéﬁe OX?%‘}% &-@fﬁ%‘ t&ngSSD%o

bl ock copol yner s’ of | ene oxi de and propy urta
pol yet hed0Opo I]%?@Ds T3, rr'ﬁﬁ0ﬂ@,o"ﬁﬁ(}()@ﬂxelmlytptrdmdkﬁumneﬁdeemn@m PolyTitiH % from

d t rexam p (
Baycol | Bay PR B S LosifES 2t é%%ﬂ a%eogoﬁfobfé*#yea% THI% 790
Bayer Materi @bl@féu@ﬂp&oﬁ@&%zﬁésor (msnp Ogﬂ BiedhlydRFAA4amine 1700,
Desnmophen(r) 19001J, Accl ai m Pol yol Accl ai n(r) Pol yol 40001,

Arcol Pol yol quyeﬂper Abiglsy myaemlatiomjyolm c@ﬂtc(rr pﬂpcdn @noxmeaﬁr dtglmh@c)of

PET(r) Lo04, "Rryaetedtpstoahhnesfhitei b bamiee ™ iR phdnky Brpaor

oxi des ai®, imglycendes of fatty acids, and C,-Cy4 alkyl fatty a01d esters confaining an average of

=

at least 2 OH groups per molecule. Examples of the C;-Cay alkyl fatty acid esters

containing an average of at least 2 OH groups per molecule are commercial products

such as Lupranol Balance® (from BASF SE), Merginol® products (from Hobum

Oleochemicals GmbH), Sovermol® products (from Cognis Deutschland GmbH &
20 Co. KG) and Soyol®TM products (from USSC Co.).

The monofunctional starter substances used may be alcohols, amines, thiols and
carboxylic acids. The monofunctional alcohols used may be: methanol, ethanol, 1-
propanol, 2-propanol, 1-butanol, 2-butanol, tert-butanol, 3-buten-1-0l, 3-butyn-1-ol,
25 2-methyl-3-buten-2-0l, 2-methyl-3-butyn-2-0l, propargyl alcohol, 2-methyl-2-
propanol, 1-tert-butoxy-2-propanol, 1-pentanol, 2-pentanol, 3-pentanol, 1-hexanol, 2-
hexanol, 3-hexanol, 1-heptanol, 2-heptanol, 3-heptanol, l-octanol, 2-octanol, 3-
octanol, ~4-octanol, phenol, 2-hydroxybiphenyl, 3-hydroxybiphenyl, 4-
hydroxybiphenyl, 2-hydroxypyridine, 3-hydroxypyridine, 4-hydroxypyridine. Useful
30  monofunctional amines include: butylamine, tert-butylamine, pentylamine,
hexylamine, aniline, aziridine, pyrrolidine, piperidine, morpholine. The
monofunctional thiols used may be: ethanethiol, 1-propanethiol, 2-propanethiol, 1-

butanethiol, 3-methyl-I-butanethiol, 2-butene-1-thiol, thiophenol. Monofunctional



- 7 - exanpl WQ KULIA44523] (r) E brands from BASF SE, sREEMER2011/057739
- honopol ypropyl ene oxi des are, for exanple, the Pluriol (r) P brands
from BASF SE, and suitable m xed copol ynmgys of ethyl ene oxide and
propyl ene oxide are, for exanple, the Pluronic(r) PE or Pluriol(r)
RPE brands from BASF SE. 5 The Hfunctional starter substances may

al so be sele S . l s,
especially t%%?%xggegﬂgp§m§%@e%ﬁﬂgfw§%%§%up&ﬁ&ﬂﬁoﬁhg%ﬁgﬁgéugggﬁ%ﬂgdhﬁy
to 4500 g/ nolacidﬂmwbcﬂsyﬂeamraqnblgmmwmdi alee adid,| Bedéic dicid) ol @@ lacid,
pol yesters. %¥ester2¥ply preferably consist of alternating acid
and al cohol (IYP¥YC aqd, aFpY é@Fh conponents used are, for exanpl e,
succinic aC|d mal ei ¢ acid, maleic anhydride, adipic acid, phthalic
anhydri de, phthallc aci d, |sophthaI|c acid, terephthalic aC|d

t et r ahydr éphtH?éYhYénacﬁI@hotSemtahgpdmbﬂaﬁlnamoml atigrisiloignces are, for example,

h hyd ht f t d /o
aﬁﬁ?d%/l (rjgg Qﬁ%l oneM (%Dr T ﬁlglné Igeri%lgff%l E’g@g’ i Sh%fg rpr‘é&ﬂ?ﬁﬂ glycol,

et hanedi ol , lialﬁﬂpylamg@dd)lp I1 3 ;amgarwamap%uﬂaae&ibpl 1,4-butdndiib120 2 Bimediol,
1, 5- pent anedl ol , neopent 1, 6- hexanedi ol ,

1, 4- bi s( hydr &EW@MyE}Y@g?ﬁ b%d%@&?@@edle i, ekipyinsstagediels! (fodi praoplt ehencthyl-

gI ycol , trimgt t t

She ol cohol & TopaRUARECE6 ORI 1 SORUBR0L Tb Riargiofy Ldidoatre
or pol yhytri digpl pis(iheropyaicfiolkyclphdyass e(foet kesmpel yphﬁ)lﬂhﬁhoxymethyl)
obt ai ned, whi c% an |likew se serve as starter substances for

prepar ati on GVCIPREaPe y E1aHRY ef&?ar@éﬂﬁ&i etepenthyene &ib/é‘?leré@i&@h)’bn@ gbols,

to using poI S b

preparation of ?‘ﬁiéler%gkyeélf er P?; 3IJC yélésog’p%%agd%i/ glg' l(z)?ll,g’ {hﬁlétylene glycol,
H- f unct : |Ona| r?gd apalghutglahes t @ymés; :jsb}tﬂr'rcaylcbbolpoﬂfmc akrhaplet mrdéftﬂjzlmpropane
especially those VAR cul ar wel I e range fraom 150
o 4800 o mobDs e ey Goc TIuREn S oA Dh e By dsleisarels, (orrample
exanpl e, 1By @emyaEia);0fol PISRENEor Qiéﬁﬂﬂ@é!}rbﬁ@{ Fﬁ%le llléiibs%t ke, starch

carbonat e or di phenyl carbonate and difunctiona coh
pol yest er pohydiotysates, pzﬂlly@lsheqellplmlsglmdmlyﬁteanbj«hexy}fumubtyaiaecﬂ)cﬁatataad oils,

can be found 59177. .For a

pol ycar bonat es%gfﬁlgégggﬁolwayldoﬁ?’ﬁg ’lﬁ@té‘??’dffﬂgﬁé(%? ?F@eﬁﬁa{?&%ﬂ?m@nﬂlwhols
Bayer Materi liffcdiffBest MountPsr LpIRh&oRD Desnophen(r) C 1100 or
Desnophee C 2200. - 8 - obtainable by the process according to the

i nvention described here are used. These pol yet her carbonate polyols
used as fupctippal .starfer substances re r epar beforehand in a
separ at e ?%‘F 3?1{9'2"[93 a?éﬁmf”h?“i’ %ﬂ?eﬁdg ‘g q?&ft‘?fﬁg?’i“& & pubstages glass of
subst ances gﬁfeepcﬂyétueﬁwﬁom dspaiiiyomabd hé/wﬁg a%noieé{ﬂ?&%e@fn Mﬁdﬁl%%'}ange

atons active for f ynerization per nolecule)
preferably offom bQO t9 4090 &/mpk Brederenssas gsmeam p@lysthbquimieﬁormeé foome tepeat

th d f H- f t |
ctarter subsuiRueodls A FoPl hSied it ERTY MRuh ol Sperita ot At
al cohol s of 1b&sgebpylahe boideunas,(inble HEfABHZ4viadi(d bloportion of 50 to 100%

25 propylene oxide units. These may be random copolymers, gradient copolymers,

alternating copolymers or block copolymers of ethylene oxide and propylene oxide.
Suitable polyether polyols formed from repeat propylene oxide and/or ethylene oxide
units are, for example, the Desmophen@, Acclaim®, Arcol®, Baycoll®, Bayﬁ11®,
Bayflex®, Baygal®, PET®, and polyether polyols from Bayer MaterialScience AG
30 (for example Desmophen® 3600Z, Desmophen® 1900U, Acclaim® Polyol 2200,
Acclaim® Polyol 40001, Arcol® Polyol 1004, Arcol® Polyol 1010, Arcol® Polyol
1030, Arcol® Polyol 1070, Baycoll® BD 1110, Bayfill® VPPU 0789, Baygal® K55,
PET® 1004, Polyester™ S180). Further suitable homopolyethylene oxides are, for



where x is a WEhdRKL/1445831 to 20, preferably an even nUMDEMEF20061037V39
+ 20. Exanples 15 of alcohols of the fornmula (11) are ethylene glycol,
1, 4- but anedi ol , 1, 6-hexanediol, 1, 8-octarediol, 1,10-decanediol and

1, 12-dodecanedi ol . Further preferred H functional starter substances
are neopentyl glycol, trinethylol propane, glycerol, pentaerythritol,
reaction pro e i :
e capr of act on Iy the PAGE P bR Ss Houl BASEOIL Sufbtic hbubhd Turppyisns quides
with 20 e-capral fet oreple,ethet Phwioft dtl bedrsis ofrom| BASFOISEM dnld suitable mixed
e- caprol actone nd reacti.on products of pentaerythritol wth )
e- capr ol act oﬁgpo%ﬁf%%ﬁe%ylg?%gi‘@a Z’Péfpﬁ%)il?nﬁrfﬁ‘llgeszrﬁr fosrexample, hecRionic®
used are di etBR/bemendPyod brafidroRs cgesgl ycol , castor oil, sorbitol
and pol yet her polyols forned fromrepeat polyal kyl ene oxide units. 25

The H-funétional starter substances are nore preferably one or nore

conpounds selgcte om.t rqup _consi sting of. ethylen | ycol,
propyl ene gl _y1§1§|I%ﬁ%‘gﬁ?—l&%ﬁtﬁg&ﬁ%&?@ciﬁ @?%@F%ﬁ%ﬁ?%&?é%?ﬁl-%E%&%@@CBIC}%S of
1, 5- pent aneditid polgedi@t foll¢le ofpegally frodé Bhving @OREIREMAr @EﬁgﬁPMn in the range
1, 6- hexanedi gl , 1, 8-octanedio dlethylene gl ycol, dipropyl ene

Y&

gl ycol, gl ycdrsn 200r fondfpl1zmel oplameolyester aptyols nsadnatei ohdaspdifpattier]

pol yol s, wher, t i is.forired froma.di- or .

P17 F T unot SoueSras FuPReFAAS sRPel do By R B muliBien i Sad gRongh units.
tri-Hfuibti dhal acsd aviponatbskahass, Hf eRMhIBE seocide aaiad LAY K€ maleic
oxi de. The pohﬁ%her 2%)ula_yol s. preferably have a nol ecul ar weight M in
the range fré de 9 §fifol Phihlica Fbkéideonnhthelic ogcid tsppBthalind acid,

especial ly ay Iﬁﬁéﬁcaé'd-t@-gmfp‘h' ic Mdid id 646, L2300
g/ nmol and a f%ﬁﬂéti onalcilt’yeoafhy oa{%ﬁmwlg’ E%éﬁta?g?lﬁ@g g@?r%%?&?ée’pl}ﬁxﬁ%(‘go'
are prepar ed pbthatiataahydride, agdintxtars aff thardetds sidixd eehy@fide@@yibBRE The
oxi des onto fOH ctional starter tEubstaqces. "H Functional” in the 5

context of tH IRACHANTE USqiRieriOf HEENRIS cthanrdioh d eprepaicdist, hiawensan:

atoms actvedid) 1thBudhddny!128-heRaR@tol he 6! i “bis-
subst ance. DMC catal ysts a%/e kirzl'own N gﬁgﬁﬁﬁ%ﬁe&&?gmelt’ﬁég%#%lpl’a#t4 bis

(see, for exé&pirexymsghylicgclobexaneg dietigdees gBR6!, Sipropidsnd @y tibdhSthglod
US-A 5 158 922). 10 .cat al yst s.. descr. bed, r ex le, in US-A 5
470 813, ep-R 6‘6%?5‘3“‘%&@%%5@,“@#5? ‘1{@6@?00_382917%@9 ,Wgn the
98/ 16310 and aMBhI0édhikAntIaned aary Qhilydiic ot f&srwﬂrfcypdlgiethaﬁpol ols, polyester
honmopol yneri zati on of epoxi des and enabl e t he preparation o?,

pol yet her poF{§t Poliyolsh apee oPtained, Getiell yen Idemdsen serae i snstaft@S sylstanoes for

| , h , | | f he fi.nish -oduct j
general 57 nobl BHEEETB R BhsOE SRLRL b AClIml CUERED BiRfShele
hi gh- act i vi t poDMS veiet Riny:s150 10IH00h gahel Idﬁ?&pé:’@ﬁ@l-l dNthEBo et Q184 Dok,

f
whi ch conprise, as well as a double netal cyani de conpound (e.g. “zinc
hexacyanocobal tate(l11)) and an organic conplex ligand (e.g.

tert-butanol }, a@tl.liﬁgn,g%ngqg%ﬁ%{ﬁgﬁgg&%&gsu%st%'@ Qlsed \ﬁgafryagef Pg&lceg)gil}%[t diols,

wei ght greater than e preparation
cat al ysts wasspitistly tase having/s nfol@@3arsitdght Mg iri théemidedorase kd bsoh o/mol,

provi ded cat al having an alkalinity in the range fromO0.2 to
about 2. %5:% fe\%‘i&?‘dﬁbﬁﬁo ?ﬁ@ g‘éﬁl% BF PR, %&F&@nﬁaswweqsm of@besgshe,
met al salt WhingdihWasaseh:f e [ ofj: C t.. These .
substantial ly non%?y%t al I?’nefegzrg)t1 a%g(?@tﬁoe%é {hghg}ﬁ’li %%?@\égenéiﬁg I&%unctlonal
vi scosi ty andlcahdlowe polyegeremolpdls wn patysthet polyoisnExdrepl2s of pelgedrbbndes @h

pol yet her po | s .fromal kyl e X] e catal ysts were thus used

only in the h%ﬁ?%l& {?ﬁ_ﬁf“'i“?. 1’32'?%% ‘p%gzw'g]?é%@{flﬂéa ti?ﬁ‘é]ryéa@%atﬁélds used

pointers to £APYWAEDeZAbhIRM US pRSeAr AR BiveX MiGerlalsdidiRe %,uﬁf%&ample
30  Desmophen® C 1100 or Desmophen® C 2200.

In a further embodiment of the invention, polyether carbonate polyols can be used as

H-functional starter substances. More particularly, polyether carbonate polyols



US 6 716 788 WH MH{4482% the preparation of al kali ne DNCY/ER2AIYH53739
~in the presence 30 of 0.03 to 0.4 nol of an al kaline netal conpound
(addi tion of oxides and/or hydroxides) based on the amobunt of netal
salt used which is reacted with netal cyanide salt. The DMC catal ysts
t hus prepared are used in the honopol yneri zati on of epoxides in the

absence of cajbR@RubH By ilSroddle E@Cdﬂlﬁ% @@tIQQh{?érﬁiroﬁ cfeg’cnbﬁé/égre are usec% These

copol yneri zati on using carbon dioxid I nventive
are prefer ablg@ls@ﬁteauqaé:@nmy Kalyols misechas fHMctlsnﬂmtaﬂeeam:lbsta@:eamraqnq&wléd

sol ution of 5 the aqueous sol ution of
a netal cyan?ﬁ§¥§§?ﬁ i Sﬂﬁg‘%F@%&ﬂh%qﬁﬁfgH%PHPOﬁbre organi ¢ conpl ex

| i gands, for exanple an ether or alcohol, one or nore al kaline netal
hydr oxi des, metal carbonates and/or metal oxides being present either
in the aqéeod?lesléﬁmqt@ﬁalofrtantmesubytamea@emreléy hevek fundtionelityt (ie. agmbausf

I ft d I n both a us
10 the sum of ErEeh Aaf el B norvRbinon Ber PP HEL R SRt e TianeRt
metal oxi des 0m§e@fhé)éli-ﬁlgctﬁbrﬁl startdr. s&bﬁf@ﬂmcs Rfecdsef althyt i0difidugilyl oPad™® h‘nf&‘t’ﬂi;la
nore preferably 0.8 to 4 nol of base equivalents (based on 1 nol

the metal cy&hpuiEasaye Ha@éeﬂqr@} staderaphgancent hesis), (ii) in the
second step removing the solids fromthe suspension obtained from
(i) 15by known techniques (such as centrifugation or filtration),

(iii) inla t#refdred Bpincjmabstatdr pubmatbngealvohbls of teg@naal fodaum (I an
aqueous solution of an organic conplex ligand (for exanple by
resuspensi on and subsequent reisolation by filtration or

centrifugation), (iv) thq@o CY, (__:the resulting solids ptionally
after pul verization, at tenpera?ures 200f generally 20(¥8OC and at

pressures of generally 0.1 nbar to standard
| where X is a number from 1 to 20, preferably an even number from 2 to 20. Examples
15 of alcohols of the 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, trimethylol propane, glycerol,
pentaerythritol, reaction products of the alcohols of the formula (II) with
e-caprolactone, for example reaction products of trimethylolpropane with
20  e-caprolactone, reaction products of glycerol with e-caprolactone, and reaction
products of pentaerythritol with e-caprolactone. Further preferred H-functional
starter substances used are diethylene glycol, dipropylene glycol, castor oil, sorbitol

and polyefher polyols formed from repeat polyalkylene oxide units.

25  The H-functional starter substances are more preferably one or more compounds
selected from the group consisting of ethylene glycol, propylene glycol, 1,3-propane-
diol, 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 polyether polyols, where

30 the polyether polyol is formed 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 from 62 to 4500 g/mol and a functionality of 2 to 3, and especially a molecular



pressure (10MYOHHA144823 in the first step or imedi RETAEPHOSTT
“precipitation of the double netal cyanide conpound (second step), one
or nore organic conplex |igands are added,- preferably in excess
(based on the double metal cyanide conpound), and optionally 25
further conpl ex-form ng conponents. The double nmetal cyanide

conpounds pr &&&ait Miir tE rdnd¥ ek ¥210260 @féﬁ?ltﬁsﬂ]ﬁ&?o dr2agy! on
products of vvatgeﬁr-sof ubl éﬂc%yani de-free rcgzr'%jal salts arﬁ%ﬁ%t er-sol ubl e
netal cyanide salts, the cyanide-free netal salt or nmetal cyanide

ol s, cont MR RUEt b§Pafe pelbols SrEpEH ) ot ahis HoBOR S Caem e
preferably O.atdtaikydertt BRIdedonkASEABEIINAR @M sﬁ’@ﬁ&?c‘és.oﬂi—%uﬁmon‘af"nhh%e

nmetal cyapide salt used for catal yst synthesis) in the formof a _
al kal i ne fret &PnisyiRidhe Hwentian islunderstoad ia meam theorumhst af hydrbgim atofsmctive

exanpl e, an Jt 1 kN hl.ori de referably in excess
based on t he%%gt?gﬁ&gg)g%#@eg és?a c{kf eo&tg?(sétgrrlp'@t?resusggﬁcgm um .
hexacyanocobal t at e) and pot assi um hexacyanocobal t at ef areblm xed and

t hen di net ho hane (glyne) or tert-butanol 5 (preferably in

excess, baseé%gh 53tRlesStRedsc obATidg fremathgerrieno arthtsee.ufyse axdmaple,

f d, th _ASEi : tALEs US ] cen i
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pref er abl§ O catysts Heerived, fof ekasgle dquis-al 476 $(haied 790 MUNBP-0H7481083
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polyether polyols with very low catalyst concentrations (25 ppm or less), such that

removal of the catalyst from the finished product is generally no longer required. A

15 typical example is that of the high-activity DMC catalysts which are described in

EP-A 700 949 and which comprise, as well as a double metal cyanide compound

(c.g. zinc hexacyanocobaltate(I1T)) and an organic complex ligand (e.g. tert-butanol),

also a polyether having a number-average molecular weight greater than 500 g/mol.

20 The preparation of alkaline DMC catalysts was disclosed in US 5 783 513. The
invention described provided DMC catalysts having an alkalinity in the range from
0.2 to about 2.0% by weight in the form of metal oxide based on the mass of metal
salt which was used for preparation of the catalyst. Thése substantially noncrystalline
catalysts led to an improvement in viscosity and a lower degree of unsaturation in the
25  preparation of polyether polyols from alkylene oxides. The catalysts were thus used
only in the homopolymerization of propylene oxide. There are no pointers to

copolymerization using carbon dioxide in the document.

US 6 716 788 B2 discloses the preparation of alkaline DMC catalysts in the presence
30 of 0.03 to 0.4 mol of an alkaline metal compound (addition of oxides and/or
hydroxides) based on the amount of metal salt used which is reacted with metal
cyanide salt. The DMC catalysts thus prepared are used in the homopolymerization

of epoxides in the absence of carbon dioxide. There are no pointers to



15 where M isVPUYEYSE3 om the metal cations Zn2+, ep BCTHE2011/057739
- mll2-, 2 Co-, Sr 2, Sn2, Pb2+ and Cu2+, M preferably being Zn2+,

Fe2+, Co2+, or N2+, X is one or nore (Fl@-different) anions,
preferably one anion selected fromthe group 20of the halides (i.e.
fluoride, chloride, brom de, iodide), hydroxide, sulfate, carbonate,

cyanat e, thi aopalyaictizatichagit@aiivn di&addi ocyanat e, carboxyl ate,
oxal ate and nitrate; nis 1 when X = sulfate, carbpnate or oxal ate
and n is 2 when X = halide, hydroxide, cyanate, thiocyanate,

| socyanat e, igQt:-hi 0c It %Ff htable cyanide-free
netal salts r?gf\%ém{@ygg’?\%?g%%{rs%ﬁaﬁﬁﬁ yﬁtf%gh\/) 30 where Mis
sel ect ed frort he imiteafirscsitp, acetifg 8rt aquiodstsaltbri& 3o yafide Fre@ Rt salfOlith

i.e. different) i ons, preferably one anign selected fromthe group
f)f the haPides (il ‘?a‘14°86$ F@%t}orbﬂf dmeid cypridesabin thediressyce pfemcosr mere

sul fate, carbonat &ganic complex ligands, for example an ether or alcohol, one or more
alkaline metal hydroxides, metal carbonates and/or metal oxides being
present either in the aqueous solution of the cyanide-free metal salt or the
aqueous solution of the metal cyanide salt, or in both aqueous solutions, and
10 ~ the sum of the alkaline metal hydroxides, metal carbonates and/or metal
| oxides used being 0.3 to 1.8 mol, preferably 0.6 to 1.6 mol and more
preferably 0.8 to 1.4 mol of base equivalents (based on 1 mol of the metal
cyanide salt used for catalyst synthesis),
(i)  in the second step, removing the solids from the suspension obtained from (i)
15 by known techniques (such as centrifugation or filtration),

(iif}  in a third step, optionally washing the isolated solids with an aqueous solution
of an organic complex ligand (for example by resuspension and subsequent
reisolation by filtration or centrifugation),

(iv)  then drying the resulting solids, optionally after pulverization, at temperatures

20 of generally 20-100°C and at pressures of generally 0.1 mbar to standard
pressure (1013 mbar),

and, in the first step or immediately after the precipitation of the double metal

cyanide compound (second step), one or more organic complex ligands are added,

preferably in excess (based on the double metal cyanide compound), and optionally

25  further complex-forming components.

The double metal cyanide compounds present in the inventive DMC catalysts are the
reaction products of water-soluble cyanide-free metal salts and water-soluble metal
cyanide salts, the cyanide-free metal salt or metal cyanide salt used for preparation of
30  the DMC catalyst, or both of these salts, containing 0.3 to 1.8 mol, preferably 0.6 to
1.6 mol and more preferably 0.1 to 1.4 mol of base equivalents (based on 1 mol of
the metal cyanide salt used for catalyst synthesis) in the form of an alkaline metal

hydroxide, metal carbonate and/or metal oxide,



- 12 - cyanat®¥O IHilgHerht e, i socyanate, i sothi ocyanat @CEHEPROKYDETZSY
- oxalate and nitrate; r is 2 when X = sulfate, carbonate or oxal ate
and r is 1 when X = halide, hydroxide, eybnate, thiocyanate,

i socyanat e, isothiocyanate, carboxylate or nitrate, 5 or suitable
cyani de-free metal salts have the general formula (V) MX), (V) 10
where Mis selected fromthe netal cations M4+, V4+ and Wi+, X is
one or nore &I .e. different) anions, preferably one ani_on sel ected
fromthe grodpr etanme dnaddueens splutien of ingrohbbeide ¢hreGeratdy in &xxcess eed on the

i odi de), hydroxij,d | f af e...carbonate, cyanate, thiogcyanate, )

i socya)nat e?/ Pgs)e)é lh:g%aé];%énﬁéé, foga ’ﬁ&@@? djtogfss%%ﬁ‘ﬁ?ééywoﬁ%ﬁw ¢ &d Pglaspiym
2 when X = shktfyenocobalpenateentedor @l Med ARtttioxkSthdneMi8Ime) or hétbHfnol
hydr oxi de, cyanate, thiocyanate, isocyanate, isoOthiocyahate,

carboxyl at e GreiFIRLRITEExasPS, atedan Ene henfcrnoreleadiated inkddsdite Shehaspertsivm
general for "%1%159&%% p%?as%?ﬁ) he&gwa}lomgftﬁe M P hésv?rllgegete%dmifxfag g]eftopﬁmnngtw%l:h

cations M6+ a
0.3 to 1.8 mol, preferably 0.6 to 1.6 mol and more preferably 0.8 to 1.4 mol of base

equivalents (based on 1 mol of the metal cyanide salt used for catalyst synthesis) of

alkaline metal hydroxide, metal carbonate and/or metal oxide.

10
Cyanide-free metal salts suitable for preparation of the double metal cyanide
compounds preferably have the general formula (I11)
M(X)n | (1II)
15

where

M is selected from the metal cations Zn*", Fe**, Ni**, Mn%, Co?*, Sr*, Sn¥*, Pb?* and

Cu®", M preferably being Zn**, Fe*, Co®", or Ni?*,

X is one or more (i.e. different) anions, preferably one anion selected from the group
20 of the halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate,

cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;

nis 1 when X = sulfate, carbonate or oxalate and

n is 2 when X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate

or nitrate,
25
or suitable cyanide-free metal salts have the general formula (IV)
Mi(X)s Iv)
30  where

M is selected from the metal cations Fe**, AI** and Cr**,
X is one or more (i.e. different) anions, preferably one anion selected from the group

of the halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate,



25X is one or BRRIV44523 i fferent) anions, preferably BGE/ERMYA/057739
- selected fromthe group of the halides (i.e. fluoride, chloride,

broni de, iodide), hydroxide, sulfate, carldonate, cyanate,

t hi ocyanate, isocyanate, isothiocyanate, carboxyl ate, oxal ate and

nitrate; t is 3 when X = sulfate, carbonate or oxal ate and t is
6 when X = hatyadste, thitdyanats] &socgaranaisethiddyaRay, %Qﬁoﬁylatesgﬁﬂﬁgﬂﬁ@mtrate
i sot hi ocyanate, 30carboxylate or nitrate. - - 1ron(ll) brom de,

iron(11) chl orisdevh e@%alsﬂ](filtle)caébﬂnéﬁ%‘@xabwt (I 1) ][hl ocyana’lt)e
289 si
o el (1), o g1t dpean ke Coblidt Loahf phiod B0 MA e

for prepar at i @nbadfyldider idtrae] e net al cyani de conpounds pr ef erably have
the general formula (VI1) (Y)aM (CN)b(A).(VII) 10 where M is
sel ected %rom one or nore netal cati ons fromthe group consisting of

Fe(I'l), Fe(lldpsuitsing l:ji@mde @émet@f t(allt%}l Vg Eéﬁr%fyﬁzﬁlh&lh V} M(ITT),

Fr(lIr), Ni(Il), erably bei ng
one or nore netal catl ons fromthe group con3| sti ng of Co(ll)

Co(lIl), Fe(ll), Fe(lll), Cr(III) (In) and Nl% 15Y i s sel ect ed
fromone or nore metal cations froMushe group coNai sti ng of al kaI|
metal (i.e. La, Nat, I1C Ro+, Cs) and alkaline earth metal (i.:

Be2+, Ca2+, My2+, Sr, Ba2+), Ais selected fromone or nore anl ons
fromthe 1§r ouphe®nsi sting of halides (i.e. fluoride, chloride,

brom de. 1ol )l AR will LBk S PPBk ey anat

20t hi ocyanat e, T socyana y’I at e, oxal ate or
nitrate and Xis one or more (i.e. different) anions, preferably one anion selected from the group

of the halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate,
cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;

15 sis 2 when X = sulfate, carbonate or oxalate and
s is 4 when X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate,

carboxylate or nitrate,

or suitable cyanide-free metal salts have the general formula (VI)
20
M) (VD

where
M is selected from the metal cations Mo®" and W¢*

25  Xis one or more (i.e. different) anions, preferably one anion selected from the group
of the halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate,
cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;

t is 3 when X = sulfate, carbonate or oxalate and
t is 6 when X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate,

30 carboxylate or nitrate.

Examples of suitable cyanide-free metal salts are zinc chloride, zinc bromide, zinc

iodide, zinc acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate, iron(Il) sulfate,



a, b and ¢ ar¥Q %@H“i“ﬁﬂsgers where the val ues of a, b PaHEP281H057739
- selected so as to give electrical neutrality of the nmetal cyanide
salt; ais preferably 1, 2, 3 or 4; b isipreferably 4, 5 or 6; c
preferably has the value of 0. 25Exanples of suitable metal cyanide
salts are potassi um hexacyanocobaltate(lll), potassium

hexacyanof er iah€() DromaleasisdifIl) henaedeanedRrt(igt ehldrids, Q;%bﬁl'tgl’ﬂ‘ thiocyanate,
hexacyanocobal t at e§/| 1) and |'ithi um hexacyanocobal tate(ll]l

Preferred doditkel(ty shiqude adpaiskeléllh mitsaspit Iti is albe poprielat foveseDivdxtures of
catal ysts ar Qin?é}eﬁt(??&&’[%ﬁl# of the general fornmula (VIII)

mx[ m xi (cN)y]

4 - in which Mis as defined in fornul ae

(rer) to(VI) and M is as defined in formula (VII), and x, x', y and

Z are eac
neutral it

X

= _(|||)

doubl e net al

Fe(11T)

e nd are selected so as to give the eIectrlcaI
5 oSt RBS

Bidg el bt ec%?%ﬂliﬁﬂ%fﬂ%%@rﬁ%ﬁﬁdiou@epneﬁle%mdy cpmpognds

[ Co( 11 Ni(I'l) and M
@ thavgthe’ﬂ)en%rrgﬂfobﬁﬂial(;ﬁ?l() 10) Exam(:)l e)s 81[ s:u(tai)l e

hal i de conpounds a) are zinc hexacyanocobaltate(lll),

zi nc hexacyanoiridate(lll), yanoferrate(l|l and cobalt(11)
hexacyanocobal tate(111). d?@h@ﬁjg%éﬁbles of euitabK&%%ouble met al
cyani de conpounds can be found, for exanple, in US 5 158 922 (colum

8 lines

15

20

25

30

where

M' is selected from one or more metal cations from the group consisting of Fe(II),
Fe(III), Co(II), Co(Ill), Cr(IT), Cr(III), Mn(II), Mn(III), Ir(IIE), Ni(il), Rh(III), Ru(ID),
V(IV) and V(V), M' preferably being one or more metal cations from the group
consisting of Co(II), Co(Ii), Fe(II), Fe(III), Cr(11I), Ir(ITT) and Ni(II), '
Y is selected from one or more metal cations from the group consisting of alkali
metal (i.e. La’, Na’, K', Rb*, Cs") and alkaline earth metal (i.c. Be*, Ca?*, Mg,
Sr’*, Ba™),

A is selected from one or more anions from the group consisting of halides (ie.
fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate, cyanate,
thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate or nitrate and

a, b and c are each integers, where the values of a, b and ¢ are selected so as to give
electrical neutrality of the metal cyanide salt; a is preferably 1, 2, 3 or 4; b is

preferably 4, 5 or 6; ¢ preferably has the value of 0.
Examples of suitable metal cyanide salts are potassium hexacyanocobaltate(III),
potassium  hexacyanoferrate(If), potassium  hexacyanoferrate(Il),  calcium

hexacyanocobaltate(IIl) and lithium hexacyanocobaltate(III).

Preferred double-cyanide compounds present in the inventive DMC catalysts are

compounds of the general formula (VIII)

MM (CN), 1, (VIID)



1529-66). ParV 144523 erence i's given to using zi nc PCT/EP2011/057739
- hexacyanocobal tate(l11). The al kaline netal hydroxides, carbonates

and oxi des used for preparation of the ibenti ve DMC catal ysts are
preferably the oxides or hydroxides of metals of groups |la and 2a of
the Periodic Table of the Elenents (see, for exanple, "Handbook of 20
Chemi stry andn Ry Mss ab@Bfined i foantilee (ERagpVBanef suitabl e al kal i ne

met al hydr oxi des, al .oxides and netal carbonates are sodium
carbonate, s ilﬁﬁﬁﬁ%ﬂﬁék’?g@}mb&ﬁgs‘iﬁn carbonat e, potassium

hydr oxi de, ¢ i i I } . i I .
bari um oxi de- 56 ITRE e sa AR AFORI L A BEE S8l
prepar at i on of theldoublvnetalt cybyide sompeurdi scl osed, for exanple, in US 5
158 922 (see especially colum 6 lines 9 to 65), US 3 404 109, US 3
829 505, US 3 941 849, EP-A 700 949, EP-A 761 708, JP 4 145 123, US 5
470 813, EP- ArddabRO3 and WO-A 97/40086) . For exanple, the organic
conpl ex |ligands used are water-sol uble organi c conpounds having 30

het er oat ons, XSU&HK' &d, gxyganl znit rogen, phosphorus or sul fur, which

can formco e__Xﬁﬁ i t he .douhl.e_nmet.al cyani de conpound. Preferred
organic corrp%x I Iglrtnrﬁ?gl)a?gag Oég}lqgll)s%ndal dehydes, ketones, ethers,
esters, am deg,=Oo@Hg Fe(lD),CXED or $yiTH des and m xtures thereof.

Particularly preferred organic conplex ligands are - 15 - aliphatic
et hers (éQlch as di net hoxyet hane), water-soluble aliphatic al cohols

(such as eth L. SOPF O . N a i ot})tanol sec- but anol, .
tert - but anol @ﬂ%nﬁfleetE hy%- g@fégir? Zag‘ﬁﬂ%nggét?lneﬁjﬁ < 3-%@?9?3‘%- of), are  zime
conpounds cohtskcpamgobiditate(Hl)] phat hekaofanoktidate(l)i phathekadfal6ferdfePDSand
and al i phatic hﬁ@{ og%/el gr oup ]g%or exanpl e ethyl ene 5 _glbg:ol
mono- t er t - bufPaELh Xa‘aﬁiaé‘?‘f?j?ﬁ e(1H). y Eurthero gyarples -ofusyifabés rouble metal

tripropyl enecﬁ&d@@hoﬂﬁdﬁﬁ?%%}bgéﬁ% ANk2n B AYhs ¥ gg(fb%? Eétﬂ%??iihes

Hi ghly preferred organic conp ands are ’'sel ecte Fomo

nor e conpdund8-66). dartidutar graferpenaean given itmgsing zilt ietdeanoedbhameI1r).
tert-butanol, 2-nethyl-3-buten-2-o0l, 2-nethyl 3-butyn-2-o0l, ethylene
gl ycol nono-tert-butyl ether and 3-nethyl-3-oxtanenethanol. 10

The alkaline metal hydroxides, carbonates and oxides used for preparation of the
inventive DMC catalysts are preferably the oxides or hydroxides of metals of groups
la and 2a of the Periodic Table of the Elements (see, for example, "Handbook of
20  Chemistry and Physics, 63% edition"). Examples of suitable alkaline metal
hydroxides, metal oxides and metal carbonates are sodium carbonate, sodium
hydroxide, potassium carbonate, potassium hydroxide, calcium oxide, calcium

hydroxide, barium hydroxide or bartum oxide.

25 The organic complex ligands added in the course of preparation of the DMC
catalysts are disclosed, for example, in US 5 158 922 (see especially column 6 lines 9
to 65), US 3 404 109, US 3 829 505, US 3 941 849, EP-A 700 949, EP-A 761 708,
JP 4145 123, US 5 470 813, EP-A 743 093 and WO-A 97/40086). For example, the
organic complex ligands' used are water-soluble organic compounds having
30  heteroatoms, such as oxygen, nitrogen, phosphorus or sulfur, which can form
complexes with the double metal cyanide compound. Preferred organic complex
ligands are alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles,

sulfides and mixtures thereof. Particularly preferred organic complex ligands are



ptional Iy, i WQRRIKLMS2R of preparation of the inventiRETHR2011/057739
* catal ysts, one or nore conpl ex-forni ng conponent(s) fromthe conpound
cl asses of the polyethers, polyesters, pdbycarbonates, polyal kyl ene

gl ycol sorbitan esters, polyal kyl ene glycol glycidyl ethers,

pol yacryl am de, pol y(acryl am de-co-acrylic acid), polyacrylic acid,

15 pol y(acryldliphatid ethes-(shek @irdehelyetaky attatlsRibld dlpRatP ALK duch as
acryl ates, polyal kyl nethacryl ates, polyvinyl nmethyl éther, polyvinyl
ethyl ether, i Hpprogaralainebutgnel,y sohylanell csebrditanol, tert-butanol, 2-methyl-
pol y- N-vi nyl py. indan I Favi Byhyolidonesco-acrylic acid), .
pol yvi nyl m%%\ﬁ@tggj{gnﬁfd ‘ggl}l%% -3vl%ﬂ{r% gﬁ’é o1y P° ﬁisyf%%?‘ﬁ%igcbmﬁ a'hp%aéuc or
aci d- co- st yr enyejoaliphesizodtheregpaby erd siphalcy BYdeyk#ng@oipsedr eiihfleCetBilede
and mal ei% an%wdri de 20 coqu%/mar_s, hydr oxyet hyl cel | ul ose and

pol yacet aPs, @¥YC HROM-FErtiyyl ethere Alethylgneoglyerd smorarichdyyli ethers tidpropyliene
pol yhydric al I I i.d rathe,gal r 1 des

t her eof , cyclgggégg)t fﬁfoﬁgék%l gs%%%r Eg@c%npouﬂ?s?%&t%-ﬁ%ﬁ%g?@r aP?l %Ta‘ preferred
carboxyl i ¢ estrgarsc opmpleniligasds dracelected fiont end actoactdmsoraoMpoLNt: @o8p

d. 25 Pref bl. i h f ti f the i ti
DNE cat al yst SOMORE o SHRCLBRIHTEhe 6l tHHBOfro Paneddt -bileng:oly | eyl
chl oride), Usﬁﬂut?lﬂ-Zaol,Sétﬁjd@ﬂiE g{Fr@cil Tk dhoB¥ R SuPy] effer Lrﬁii?-heﬁgz-ﬁ‘? x"{%&%%n%ﬂ
t), |1 at e I cydni de-free

net al cyani de sa . €. ast a nolar ratio o
metal sall® to netal cyanide salt of 2.25:1.00, and the netal cyanide

salt (e.g. p i .hexacyanocobal t at e) .are conver in the
presence of t eﬁ)?)l%l Al e G pr%rq%loagr‘ﬁle(@y@fgwpéﬁ?}ﬁm%, pne QF mere
presence of - eomplix-fibga bkabbita P kn e GrifiRd dRka FAHBOPA,Bhers,
and/or netal oxides either in the aqueous sol ution of the

cyani de- f r ee DRbfeglerss aplycgrbonaies, pelyalivtena lgol seibim estershpolyatkalene glycol

cyani de salt, | . 4SO i.on 0 as to forma . .
suspensi on ¢ (%r%c? Cli}g irkrtllge?%’ Hjeo %gﬁgﬁldﬁb{’%&ta%@i’{?@g%wgﬁ r?éflcﬁz- pPqlgacrylie, agid,
zi nc hexa6yamobiayliatel-combleic, acd %@a@bﬁ@@ﬁﬁﬂehﬁcﬂ?&l?t aryiark,t paicyl
the organic co%ﬁ | i gand. The ol;)aanl c conplex I'igand may” be presen
in the aqueod®® piednPRvingk majl; efber, poiyvied etbylakthen| polavidylorceste,
the netal cyagj al (WY e Lﬁ(&e S | ai ned .
directly aft%rg_hgfn Ci Shog?]{; o:‘qu@x‘ﬁt\ﬁgﬂ%@fﬁgﬁ%ﬂ% ci@ﬁ&%&”ﬁg Sifivaorylie
has been f oundid),opdipviaplvanthgl ketose,t mlpidxvihyiphami)e pUB/(soylit h@dSootyrths,
cyani de-free salt and of t@e met al cyanide salt, wth presence

net al | : -
of one or noroéa%ﬂ%l?ﬁl PR aPolgiyilsuriguaes, npalaic cagidhomnst avalgied/aphydride
met al oxpges cehdl@Ersl Nhidie 0 ut,l,@n he .cyani de-free
nmetal salt orcgit) hg_lﬂalgﬁeo%s Xs%lﬂtj?i gﬂl%%et tﬁgg tgfgﬁéeg%/lgfnfoéeﬁgealéfc%ﬁ ier’iher’
bot h aqueous ghsPsitesnarborylid astees afimpdylivdric akphelx, dailipeavitls anitlidsaVtis GBE@8I6r

stirring. Optional he spensign fornmed in the first step is .
subsequent | y _aW‘geét tbé"eﬁf’ tWCI;Z’H?’F}:F‘% éﬁ"c’éﬁ}?ﬁ% SOmBRUHIRGO. SotsaHETed cambexylic
conpl ex-f or meEEGrsQﬁ"M&ﬁ@ﬁﬁ?acbﬁorﬂﬁéf—fﬁéé‘-ﬁﬂtﬁe‘déﬁ olrfls Brd gt © W ! h water

and organic conplex ligand. A preferred process 5 performng
the first step (i.e. the preparation of the suspension) is effected
usi ng a gixi ozzl e, .nmore preferably using a jet _disperser as
descri bet” | n%gﬁf&%@ﬁ%%‘éégﬁsg OFprepﬁra{I%%oggJ@dH&e ive P Mt ratalists, the gqueeus
the precur sosolafiodsher et ¥t (Al S LilloRd), bl AL L Shofidrh Tt LREess (at
suspensi on by known techni ques, such as centrifugation or filtration.
I n a pref er r Eastetboal’mbased anhmetabeyanidedakpli.e.oe leasta swhs egtieof dyanide-free

washed in a Ld. process .step.with a ) s splution of the

organi ¢ conp e;JII Siagaﬁod%(e?%rcyg ?azt B{j zr%sﬁgg’eﬁ%f&f’ Mtel sppergusalt (eg
rei sol ation pytabdihirhhakdcyancbobSIE) akd sEdeHeDIn the %rés@ﬁc% e orgémc chrdpiex
possi ble_to renove, for exanBI e, water-sol ubl e by-products Such as

0

pot assi us? chiig"i"qdd_@-g- rigfinbue nVEh Dresenesaphpnes or mprealiainenent hydoxides,
organi ¢ comphfx, lb 3aRfed Mnd/OEmBRAY SRS VRSN iS ?l'lleuzgciu%gusg o & R0 lc¥ranide-

free metal salt or in the aqueous solution of the metal cyanide salt, or in both aqueous

solutions, so as to form a suspension comprising the double metal cyanide compound



30 Optional | yWQ A0 45831 d step, further conpl ex-f or ni MGTERAGWOFTT39
"is added to the aqueous wash solution, preferably in the range
between 0.5 and 5% by wei ght, based on thé-overall solution. - 17 -
It is also advantageous to wash the isolated solids nore than once.
Preference is given to washing in a first wash step (hi-1) with an
aqueous sol ute@nziat hekeybinabaliadd)eHa@t, CRBAL cfdfilic-BXAMRIE sAY and the organic
resuspensi on and_subsequent rei sol ati on by filtration or

centrifugati cﬁ‘?)n,quxrllgﬂFl er inthis way to renove, for exanple, water-
5 sol ubl e by-products such as potassiumchloride fromthe inventive
catal yst. Mrre preferably, the anount of the unsaturated al cohol in
the aqueous VEtgforgalicitomplek dighed WRagbedReRAInSA Y018 siltion BABRLARide-
the overal | solution of the first wash step. In the further wash
steps (iiPp- 2)f¥eeemﬁ'ﬁ£|salf RBd/pr 108 ttheyanetpl varide saltepleiitie didded éo dhre suspension

t han once, pro%ia‘%ﬁe%lbéi}‘e;rcgl?%?g} @fg%?ﬁ"ﬁ P8R a8ible RIS ecrg%%g% ’CSI?’pS'T‘%rH bas

nonaqueous sol ut1 on, e a mxture or sol

conpl ex | i garbdemdourfdutct be mdemtqgeexs fontik nie aguepas eokutiony 6f eicabyaniddfrec
t he range bet \M?%n g.S ag 5% bly wej %ht, based on the total anpunt of
FaGAE © taa

the wash sol dt§ opetal expnide;salt, ity presench &1 R Ar Beraalkalmeametal

the solids angdwarieImeRr eaBhndily &d%l%ﬁetgﬁ%déé‘apfe%ﬁ B Ag@%é]gﬁ' I?oghé{on of

once to three tines. 15 The isolated and optionally was s are
subsequen®| y thepyanideafree mafal ealt pukhecsqueats suiutiar dfethe ahethletypaidatsdtiesr in

of generally,20-100C and, at pressures of, generally 0.1 nbar to o
standard pr es?gﬁjr 3ql{ef8ﬁ§°]r'f’gi8’?$.a“§0tﬂi\ PEEe g’éi’lieﬁ‘r lié@é“é Wibh Vigospus plirging.
the inventivepikaleatat Kedendib® Tollel SUHREHS | ' i
filtercake washing )an dr ﬁéﬁgl is described i n&%)?%s%ﬂls %%eggg%%eg with 2

i nvention al $&rthsr somalex-farpingseawonent. Phreepamplexy fayoliymetdnaroneat i prefembly

polyols fro . 0 i onal starter  supstanges, .one or nore
al kyl ene oOXi gélegln% n’(i:{g{; %E&IJZ"EW %%%%cg%r‘%aﬂlct%@pb?‘eﬁ@r@e re?t“eséﬁ_g?esérf%r
DMC cat alt§st pertweiag thd fest @tepr(i.demuf:/%@@)ai’%'foﬁbfﬁﬁé SuspPEnsig)ab B¥@ABA USing a
salt used for preparation of the catal yst, or both oOf these

salts, contafHEEE BOZEls, omereg prgsbrablyr gsing adljgt @ispexser s 6desotibeaindn MiGEA
preferably 00@/3‘9?831.-4 nol of base equival ents (based on 1 nol of the

nmetal cyanide salt used for catal yst synthesis) in the formof an

al kal i ne nmetal hydroxide, netal carbonate and/or 30 netal oxide, and

wherein - 18 - conpounds are qgptionally renoved by neans of elevated
t enperature i‘hg’/eﬁ%ﬁ%@%"@% (irce therapsprsng of theyinkentivie catalyat) yase isolated

bei ng added §Qnd M8 sktpeHfIEh beRAbwS lhdilics ﬁ%@@&@gﬁf&a{i& &hﬁlp'f'lu))( ur e

S
of at least two H functional starter sub&tances e or aftéer the
drying, 5

In a preferred embodiment, the isolated solids are subsequently washed in a third
process step with an aqueous solution of the organic complex ligand (for example by
resuspension and subsequent reisolation by filtration or centrifugation). In this way,
25 it is possible to remove, for example, water-soluble by-products such as potassium
chloride from the inventive catalyst. The amount of the organic complex ligand in

the aqueous wash solution is preferably between 40 and 80% by weight based on the

overall solution.

30 Optionally, in the third step, further complex-forming component is added to the
aqueous wash solution, preferably in the range between 0.5 and 5% by weight, based

on the overall solution.



(f3)activati oYQ 30HAHAAFBB| shed by (131) in a first actiRGETIERZ0I1L457739
~adding a first portion (based on the total anount of the anount of

al kyl ene oxi des used in the activation and-copol yneri zation) of one

or nore al kyl ene oxides to the m xture resulting fromstep (cc),

where 10 this addition of the portion of alkylene oxide can

optional I'y batef fR6tRdadtiedolie tcw%%ﬁ@&@isefatéaf]%ﬁd’g%or@tﬁ&%ﬂ?é. YorbfArd 8 i
absence of CX2, and in each case awaiting the tenperature peak

("hot spot ") Y&htoorshisigdimeat st vesk xadrh €iiind )c withean agheduealitith of the
which follo [or ressure dr in the reactor, 15(132) in_ a
second acti vanlg% agetde%,cglﬁt@ r FW@EW&%‘EW@“%&W&FP&%QH@H Teisolgiion by
precedi ng actfilyafidrObr St@ffugadeh)Gn dr&eGANHisPRAEY tORehBAS 6 QRuhD. water
total amount of the amount of al kyl ene oxi des used in the activation
and copol ynersPR&lg Byrprasucisiaches potassinmkgilende Grindths itverttive catakysir Blore

he portTon QRCiEELF (AE LAY AChk BRI el AR peiduiint seon is
presence of GERycchUlD fuiled0s6 Bhhieight, Bdved R SRNGRIAf sdRFon GFNHe iRt SREN step.
case awai ti nq t&qe1 tenperature peak ("hotspot") which occurs due to
the exot her migt b waplp gleps BH"%@E}WT thsl fishwvagtnetep s eeppated suee otimop:
in the react 3 i jn.a thir ctivation ste r,.
further acti \(?g%nl %%g’s@é’ﬁegglgg’ '? ‘Zér &%/ eée[t lelﬁ%sérlagtpg?fgraﬁﬁg’aﬁ %P?%qeﬂ'éipjscﬁ}’in?mefor
pr ecedi nd0acteksapleon mikepe or ephaionngl stgapic( dddyleZ digand @nd i hdd B&Bplex-
preferably once .to four tinmes re preferably exactly once, where
this additi on®gE ARt @efSWWMé Ra8s betyisen B apd e Ypby weight based on

al kyl ene oxi dg: @£ afi ' _ : ' h
case 30awaiting the Eogﬁrr%sef?g% W%ﬁﬁg@?ﬁﬁﬁsﬁggﬁg\kﬁi@‘gﬁs %lgg}é?ﬂép%}ﬁﬁ&% %nd
t he exot her nitke sdlislyi azelwaskeic biagnoninorehthiio | dnosvsheaewiitio rprafepibBs shice i frRge
in the reactﬁir es. 19 - (134) optionally, in a further activation
step or furt B act i vat i on steps, after the tenperature peak attained
in the pngceding activation step, repeating step (133) once to five
tinmes, preferably once to four times, nore preferably exactly once,
where this addetiselateds anéeopionally iwashed hedids aatdi subsequently,t bptidnally after

port1 ons of SUenB NS BfbhRiteds Bt PERgRe o R ond

then in each®case awai ting

occurs due t geddisilyeXOthites @ sathedhesurd @a¢3 kiparwhi ch fol l ows and/or a
pressure drop in the reactor, 10 (y)one or nore al kyl ene oxi des and

carbon di oxi de are added continuously to
20 A preferred process for isolating the inventive DMC catalysts from the suspension by

filtration, filtercake washing and drying is described in WO-A 01/80994.

The invention also provides a process for preparing polyefher carbonate polyols from
one or more H-functional starter substances, one or more alkylene oxides and carbon
25  dioxide in the presence of at least one DMC catalyst, wherein the cyanide-free metal
salt or metal cyanide salt used for preparation of the DMC catalyst, or both of these
salts, contain(s) 0.3 to 1.8 mol, preferably 0.6 to 1.6 mol and more preferably 0.8 to
1.4 mol of base equivalents (based on 1 mol of the metal cyanide salt used for
catalyst synthesis) in the form of an alkaline metal hydroxide, metal carbonate and/or

30  metal oxide, and wherein

(o)  the H-functional starter substance or a mixture of at least two H-functional

starter substances is initially charged and water and/or other volatile



the mxture rW4UROIMIA423m step (13) ("copol yneri zat i onPCT/ER2811/057739
+al kyl ene oxi des used for the copolynerization nmay be the sane as or
different than the al kyl ene oxi des used-il&-the activation. 15 In a
preferred enbodi nent, the portion of one or nore al kyl ene oxi des used
in the activation in each of steps 131 to 134 is 2.0 to 15.0% by

wei ght, preferably . j I

13. 0% by wei ght (bcé)?}ap?u%% & Doy Yo la b Blcn oS %‘f‘lﬁ‘éﬁ%{/‘?é‘ﬁ%/"r
oxi des used in theaeduseivpessure dhdtyimgpo| theeDMatdataiyst 1203 agdddaxe ther H-

preparation of polyether, carbonat ol yols by.catal ytic additjon of

al kyl ene oxi des (e%%%loﬁlgls ?taﬁﬁrds@ﬁ%ﬂg% O%?%il?edé‘”gﬂ’feooiﬁtf %ﬁ?t‘?‘”&ngrﬁmm"nal
starter substancesstdrfh siiiseisds Hefork R afEr@BERSMO! the inventive DMC
catal ysts, the Hfunctional starter substance or a m xture of at

| east two H-functional starter substances is initially charged.

250ptional ly,pin st a).. (al)ithe Hfunctional starter substance or
@) ", Py e Pk

a m xture of | eas WO starter substances is

initially charged @ngin(2@kt {9t &N, %H&Ehg?(%?t gt%cgltb(‘%ést.eggmftg?%%%%?fount

or of the mxture 1s brought to 50 to 200

nore preferably 104 theoamd@Cof alirgleoe oxides 36d i treaotieation ahl eopatpnbOzation)
| owered to | ess thz%n 500 nbar E}referably 5 mbar to 100 nmbar. At the
same tine, it is &Y HLWreplkyiene grides ip the misgenresultiag fomnstep G, twhere

reactor. 19- 20 - Thg /RG0S BF Aokt dRYE AkHEAN i RE A 'ttiigﬁiq bec'}?e{c\?\cb%%itﬂe

the H-functional starter substﬁce or the m xture Orqp eas
H-functional st ar tpagsesesbsf &ebyt preferalilyiia tht absgpos Sif @, tadd ad dedchecase

DMC catal yst which has then been dried onl fter the drying of 5 the
Hfunctional st ar &P EEIEE Wgr%?retpﬁé( ﬁ%ﬁsﬁ/ﬁtg Bhichosiredicdahe gtosharayc

subst ances. The Dire@ahPled&ioncdick GolRM3eHdoRa ?galséllg? %’ﬂl Pl ﬁ?ctgr .

suspension in an Hfunctional starter substan e catalyst is
added as a suspension, this is preferably added prior to the drying

f the H ti tart bst . 105t 13): The netered
2ddi 11 on 15t one. onPRbFE STAR Y GRS AT GBSy GRak HEsias po fhe
di oxi de fol | ows t heecdambngtiPltion skhaiddie étk'%ghgggﬁioﬁr(b&%?%pﬁ%ﬂﬂﬁ&%%um

of a plurality of 'starter substances and itron o
catal yst, which i of ftcasepusepbalkylone afitlesrusethan e pitigtiof ahdh eoilanézation)

substance in solid.formor _in.the for f suspensiqQn. 15 If the DVMC
catal yst is added ogfopglprlrr%e&pv?% 0&?&%&8 ﬂ%i artere @ﬂﬁ@f‘%#@g{ therprecqdine
cat al yst shoul d prefiatiahl ste)ewkhie Qs dditiX Ml bﬂft‘ioﬁrbfaﬁﬁirlgﬂf ide can
process to the drying of the starter substance. pOne or nore al kyl ene

oxi des aR¥ the cabiepaliydricfectedin the pesercsi fl GOh butmetferably inrthé absence of
di fferent ways. T%ﬁpng%gri%dea%gdéatségﬁr‘}veagt?%dg%e?eg}n&ér%gﬁg%%g&&%g& e(\jwhich

pressure or at a supply presSsuré’s
occurs due to the exothermic chemical reaction which follows and/or a

pressure drop in the reactor,

25 (B3) optionally, in a third activation step or further activation steps, after the
temperature peak attained in the preceding activation step, repeating stép (B2)
zero to five times, preferably once to four times, more preferably exactly
once, where this addition of the portion or these additions of the portions of
alkylene oxide are effected in the absence of CQ,, and then in each case

30 awaiting the temperature peak ("hotspot") which occurs due to the exothermic

chemical reaction which follows and/or a pressure drop in the reactor,



20 supply pr e¥QFUY 45231 er abl y establ i shed by i nt r od REHEP2RLLE7T39
- gas, for exanple nitrogen, the (absolute) pressure set being between
10 nbar to 10 bar, preferably 100 nbar t®98 bar and preferably 500
nbar to 6 bar. In a particularly preferred enbodi mrent, the m xture of
one or nore starter substances and the DMC catal yst resulting from

step (a) is cont an@}joﬂion@H%?ﬂ%ﬁﬁﬁﬂlﬂf %tﬁati&&@ég;o? s ﬁ%iivétﬁsértr%é‘sg%ﬁer

25 preferably three tines, 1.5 bar to 10 (absolute),

preferably 3 bar tte Bripgraiaipsah attaied infthepraceding agamtionstep pgpeatn sep
nobl e gas, for ex | e argon) and, in gach case i diately
thereafter, the el g@a?ﬁ?ﬁ? gcf g")é’g UPECS s?rf’fgbqi’tg%d’n% t‘ir?g‘gfr timeps BiogR @yeferably
wihin 1o mn. A REAR! bRl Whetetifs hidifbh 3¢ RATLI & X LRAEMALHr the
enbodi ment, inert gas “(nitrogen or a noble gas, for exanple argon) is
i ntroduced into t mertingtodagcyidne orxede3are mffented en shaptestnce afdDy) dad aheh in
the DMC catal yst resulting fromste at a tenperature of 40C to
150C, and, at the “€4he"t ia%g{tlngqb%ﬁfaﬁ)ggﬁ%fpé)g%,(glogg%tsbwg{cg)ocgms fyerip she
to 800 mbar, nore epsBtMiiah¥mhl XcibRHich ERwWIDA/or! S pRBRI: 8fop in

- Step (y): One or nore al kyl ene oxi des and the car bo(gn gi o%degocpaﬁn %%e
metered in sinult&®Ekdsly or sequentially, and it is possible to add
the entire amobunt of carbon dioxide all at once or to neter it in
over the reaction tinme. Preference is given to 5 netered addition of
the carboo dipxi dene GRen@E alBiche A= AME AR RS aFPA&RTA LohBnuously to
si mul taneously or sequentially with respect to the carbon dioxide
metering. |f a pl theanixtyreo¢sultingyfiam etep XBX@somlymersmtion " Or Tisyaik yless sxidés
t he pol yet her carbon E% O|%/O|IS, t hey can be tered in

si nul t aneously or ugeéﬁ ntoF PYIyaeTraton, may be e s3Rg &p jgdiffsrent dhagy the
via one or nore nmefeldnB@xRies Med in k2 ML GIbncase at |east two al kyl ene
oxides 10 are netered in as a mxture. The nethod of netered addition
of the al kyl ene oxides and of the carbon di oxi de nakes it possible to
synt hesi r er nat.i n | ock. or .gradi ent pql yet her  carbonate
pol yol s. %iheﬁgg%&fﬁ%at‘a fngﬂélg*eg?’ &% PR | 9f PR S% iapse atkyiqns PXidss used in the
reaction in hitvatieRGh ieath BF ¥leps B1it6 fof &f £0aB! 15.R% Byl Qe 195G,
more preferably > 0-25% by We?g t, nﬂl?;t preferabloyyt> 8@5@%@%%?8%“
(based in eadh0Y¥cknvweighh mare pwdirgbly 3df tot ¥e0% daotdignt (bdsed un e total amount

Preference i iLven t i an.excess. of carbon di oxi de based on the
cal cul at ed argr%%ﬁtam(?fm{c)% |°5‘i$e(§éls?q?1’(’£lc§£?)@)$’é’?§?fl i W@FW%@CH&
carbonat e pol yol, since an excess of carbon di oxide is advant ageous

due to the sl owness of carbon dioxide to 20 react. The anpunt of
carbon dt®xi 8&pde be fixed via the total pressure under the

respective regaction _conditign An advant agepus total. pressure

(absol ut e) hg f B’éegﬁraﬁ%n#?cgy%@ert ??ég‘?r???ng]g’P@ngb.cétfﬁFlﬁ adsleyigg, pf alkylene
preferably Ooﬂidéﬁge}aéﬁid@@randr&f%nnﬁ&{iﬁé @Hﬂomffﬁﬁﬁﬂoﬁalts?arﬂ)&gum{me{ t r{é?ﬁ
copol ynmeri zation for prq?fgaratl on of the pol yether carbonate po or's.

For the procBsige peesenadi ¢fghe tvemevei PVEheatdpsts,ithe Hainetiosnl @5rtdresahsthoend

t hat the copgl zagi r. pr ration of the,polyether caybopate
polyols is pgrio!r“msIe dS% ggﬁ{sggtg’g’uag@ngﬁo@g 5?%16{5 St %leéf’ér L YatCH@Sr@ed-
to 145C, 25101 epp6efist aldtep @f): 70 to 140C and nost preferably at 110 to
120C. If tenperatures bel ow 50C are established, the reaction stops.
At tenperat uftds athevia-far@iopalt dtetearsobsiancsf orunmettedofoat -1paso dwie tH-fiiricsiesal
significantly. It sltgoul addi ti.on.a{ |y be ({mt ed

: sta charge

er substances is initially and .
(02)  the temperature of the starter substance or of the mixture is brought to 50 to
200°C, preferably 80 to 160°C, more preferably 100 to 140°C, and/or the
30 pressure in the reactor is lowered to less than 500 mbar, preferably 5 mbar to

100 mbar. At the same time, it is also possible to pass a nitrogen stream
through the reactor.



30 that the OM92Qlyk4#52Be sel ection of pressure and t SMPBAER201/057739
- converted fromthe gaseous state very substantially to the liquid
and/or supercritical liquid state. CO2 eab- however, also be added to
the reactor in solid form and then be converted to the liquid and/or
supercritical liquid state under the selected reaction conditions. -
22 - Particularly preferred reactors are: tubular reactors, stirred

tanks, |oop reactors. Polyether polycarbonate polyols can be prepared
in a stirred ¥enlPME reafiflyst imeagbeadyebe tipitialy dharged iacthor Hifogctionat Istarter

enbodi ment  ang, and 0 ien. .ls.coalked n of the . .
react or jackgtq b i nt% é’?frt\% cc@{e iogﬁt geﬁéftgggi'%ﬁg%ﬂaﬁ’%% F‘ﬁ’dtagﬁ‘?sf E‘éte’é is also
present in appssipledo aild cidl BMOmtslystvaiith Ty the@bednydd@asPafiertthe drying of
content of free_epoxide should not exceed 15% by weight T n the

reaction i xtthf E-ypctions! slerter edstengacor the anixuag obKafwpbéonalrgarter substances.
2004/ 081082; 1RRISMS: ¢4 don. s ] hwise appl i i on
where the product i%séai}mﬁ?ﬁgfrﬁ)é% §gér1151thylh;gf) glg?c@ﬁg} %ﬁ%g% m?sr;'o &e@cﬁ?‘%ﬂ?ﬁdﬂa}
and in the cottrfensghstant® Hiipé catalysiois, addbd ke at fuepadsidy this is_Spr\Aerréflﬂz%\dﬂed
conti nuously, ‘ga{tthc | ar a%%eﬁ@on_%gful d therefore be paid to the
netering rat &9f 4 Eﬂ@ﬁ%&i’ e H-iunghionst sfaier s¥Bftaaced: such that, in
spite of the inhibiting effect of the carbon di oxide, the epoxide is
depleted rapidly enough. It is possible to supply the carbon di oxide
cont i nuou8l y Step (fat chwi se. Thi s depends on whet her the epoxide is
consuned qui ckly enoH%g 'and_l%het her the 15 product is to contain an
CO2-free pol yEEHRFER siddionpfong a5 nere sdkylenenerides @ ensiopallspef thedeagkon
the pressurelidiB¥e fdllksew e ' i1i the ..
st P oL 7 sl SIAC: B ol shixte Spappliatiy of

epoxide. It is possible to y I ncrease or
pressur e dur istagtet bebstaddést amshthe fadtlitienegfake dBVICosatdlgst] @hice i tad@dd bé¥ere or

sane level. 2 further .nossi bl e enbodinment in the stirred tank for

t he copol yrreflﬁ%ﬁh? {lgf)gﬁjﬁar%% Sk’;ﬁ%ﬁ“ﬁ%f%?‘?q@eﬁﬂf{lﬁfﬂ%g}e fore obp spneasion.

H functi opal IstiRr DRIC CORBRY RASIRA ALY &grirt?gﬁﬂﬁ HRUQMSL Youb b el %ts DMC
e er

reactor during the reaction. The anount o Hfunctional star
conmpounds whiceRlyst shaved ereferabnbé ruedisfor éxatnpld lre anematogoudprdcass tdehe

tion i | |l east 2 | % equi.val ent s, bl
70 1o 08 mol SIRE bR eSuler o8 el S or R INACE Stet el Sbam e
of H-functional istpainkiple GenpekRASh in dFReRCkAMAIER &@fe?ém%diﬁ&ﬁrc%&rbe

m xture can be copol yneri zed ‘Sfurther) w th epoxi de and carbon
di oxi de i n aceimepesd femedused presaure gr ghaskmly pessire selested beforehand. The

(tubul ar 5gea Of ) 1104203, = .according to the, desire
pol yner . 2? n gﬁ rhéi3 gegéueljﬁqg%ﬁ%%?%n%s,}abé%}%%lo% &?’“5%%8188 i &Y dfOF (PXARP
in the super aittdgemathe f(absolitt)epresiire betebeigf basieby @Dynba tbi Ub4, HRsEMably
in order to ?gb e better mscibility of the conmponents.

Advant ageousl @ n‘h’?& ihG earerndnpistesstly {590 ompwr tx 6dbar.oln pawartionlamiyx pregeresid

t he react ant gypa8inAl dhe Bﬁﬁtuf‘ééf’gﬁeeo g%\f\‘gf’%ﬂg Slb(EFaP{LASCJn%t 1§é/ %r gé}réym

GrbH, or m xer-heat exchanger elenen sI mul'taneous
m xi ng and hsabltingfmwaktep (o) is contacted at a temperature of 100°C to 130°C at least once,

25  preferably three times, with 1.5 bar to 10 bar (absolute), more preferably 3 bar to
6 bar (absolute), of an inert gas (nitrogen or a noble gas, for example argon) and, in
each case immediately thereafter, the elevated pressure is reduced to 1 bar (absolute)

" within 15 min. Alterﬁatively, in a likewise particularly preferred embodiment, inert
gas (nitrogen or a noble gas, for example argon) is introduced into the mixture of one

30 or more starter compounds and the DMC catalyst resulting from step (&) at a
temperature of 40°C to 150°C, and, at the same time, a reduced pressure (absolute)

of 10 mbar to 800 mbar, more preferably of 50 mbar to 200 mbar, is applied.



Even | oop r eaMQR@LIEH45B2 used for preparation of pol yeRGEMEP2011/057739
- pol ycarbonate polyols. These generally include reactors with
recycling, for exanple a jet |oop reactegiwhich 10 can al so be
operated continuously, or a |loop of tubular reactors. The use of a

| oop reactor is especially advantageous because backm xi ng can be

i npl ement ed rgqglgwf)_and so the epoxide concentration should be low. In
order to achieve full conversion, a tube ("dwell tube") is frequently
connect ed dowrst rezamord SalRyieng odniddshand ciebondbe giokidel SapHBeainkabled in

by the process cording to the invention have a | ow content of

by- product s a?HB‘_?]gﬂ&ﬁ%%Y By SRABSEyvinchid it Pessiplpiooisidehe crtispaptonnt of parbon
reaction w t hyighide ant ehed 8t ¥ ﬁﬂ&%‘ WA Gy lifle HalBol U RIMBRES s given to
especially flexible polyurethane toans. I{“or poal yur et hane

appl i cat i éns mesenefl @déitior of thegiaviem dioxidei Oup @oinyet dikylemasidnaire metered in
pol yol s based.on. an Hifunctional. . starter 20 coppound having a
functional i tflrgl?ltaé]feo?sé‘éé’f ssquenfjally) yyithy BriPet e tgglcﬁ‘g.ftoﬁe 106‘&? pefietiae. If a
pol yol s obt aighabli§ JTMI IS RXARE S8 REE %rg:&ﬁiﬂeé@ of 18 Cﬂg[péﬁ{é} LBt pOSols,

used in applications such as washi ng and”cl eani ng mposi tion
f or mul at i ons,tha¥t £41 bagpetered dis sinfultanequdli o1 sementiadlyi eachnda nemiraeintetering

surfactants, | j t rocess, chem cal s for. papennakin textile
product i on of 0%@%%%@?8%? 8?% SPrsHLe P ’B’e}”g’(ﬁ} 4 z{lﬁ%aat Y‘%’ agngﬁ’ée gxides
I's awar e 10hatare flepeatinng Omiitie. Pas ethodart rhdteled a@fitibe f theBlylene oxides
pol yet her carbonate polyols to be used nust fulfill certain

properties, fBf obfgmarondiprde makessipgsrible yo syuhkesiag rapdsiny diltspeting tiylock
functionalit : - - EXx | es .The i,ght - .
and nunber - aéé%agé r‘ﬁﬂy e}%ﬁﬁg%&{/@%@ﬁ; obyely ggépcﬁnﬁpgrggm? SF s %ﬁ%ﬂ%ﬁ oxides
det ermi ned byluriegfi® ®ictipelin pier reeciinanixelTe WTBAeFAPBYD (GRG) by Wegeht, more
procedure of 5 fDI gLSS%?ZZS-O/l was followed: "Gel perneation )

chr omat ogr apRFLeEa: > P-25% by rueighly o8t misTeaablg PUPil6% B Meight (basadhiis cach
was done 18Ssi ReseRRl %S Wl f wn nol ar nmass for
calibration. The OH nu grgf @;!%rcg% Dﬁd&& er) was determ ned based on

DI N 53240- 2, except 10 using pyridine rather than THF/ di chl or onet hane

th I t.-Titrati. effected with 0.5 pol th |ic KOH
Cond poi nt 1 SCHRTES Brbie KERRBeF Bors it bt gionideisedon e satoalied

used was cashfiouft bf Wirbdh 8RkIdefil td
unit in "ng/g" 0}lel ates to m&%&%%@gﬁgé pgﬁﬁgﬁ%?‘ﬁsﬁ?gb%%?’ %e an

The proporti 6kcass of aerbep dicxidedis @dRattagephe dve tuthei skt pétdrbon dioxide to

carbonatsoolugh b e AL e AR ek O e

400, 400 Mz respeciive puh@RNnioRBRRM. ARialvintdRRotH total {ReSureBAbsH@BS has Bk
sanpl e was di ssolved in each case in deuterated chloroform

found to be the range from 0.01 to 120 bar, preferably 0.1 to 110 bar, more

preferably from 1 to 100 bar, for the copolymerization for preparation of the

polyether carbonate polyols. For the process according to the invention, it has also

25  been found that the copolymerization for preparation of the polyether carbonate

polyols is performed advantageously at 50 to 150°C, preferably at 60 to 145°C, more

preferably at 70 to 140°C and most preferably at 110 to 120°C. If temperatures

below 50°C are established, the reaction 'stops. At temperatures above 150°C, the

amount of unwanted by-products rises significantly. It should additionally be noted

30  that the CO,, given the selection of pressure and temperature, is converted from the

gaseous state very substantially to the liquid and/or supercritical liquid state. CO,

can, however, also be added to the reactor in solid form, and then be converted to the

liquid and/or supercritical liquid state under the selected reaction conditions.



20 The rel evaffO $&44H4522s in the ' H NMR (based on TVS BCT/ER1A58739
~as follows: cyclic carbonate (which was fornmed as a by-product)
resonance at 4.5 ppm carbonate resulting2from carbon di oxi de

i ncorporated in the pol yether carbonate polyol (resonances at 5.1 to
4.8 ppm), unreacted PO with resonances at 2.4 ppm polyether polyol
(i.e. without incorporated carbon dioxide) with resonances at 1.2 to
251.0 ppm the 1,8-octanediol incorporated as a starter nolecule with
a resonance awrticubartyo prefgreds practoTh erayotiibulap renotors, i siivredf tah}asg ]ioap htgmg:bﬁ.
i ncor poratedy r..in the reaction mxture i al.cul ated by
Formil a (15 TeiRF pBelBEhac BobRB GBS b Shred nbindt Yo trrarcdye
= area of t hatitred cniznaorfinglioShP PibddimesyfidiodkAdtopBatien (i§ 64165 B9 Misins
to one hy rog)?n at o = area of the resonance at 5.1-4.8

F(5.1-4.8
ppm for pol il r%g%b-éé?&% ilﬁém?@bFOCéiﬁ'ﬁ surfagasrangén C@Dlzmﬁ fsmfacc?prds?nt in a
! _ — nanc m for. free,
(i eacted POPETPY S ior syBiehf Bt oafclf SR ARG BaRhe &1 e GBAR spisE o
pol yet her poleyededASYs By Ivedght ir thar eactivh beurt eFdnanaeedathnid (Re ! Br Exfdple,

Rt ensi 1 oo, EooHCHR YT Risod g 147 M b e orisommhgian nice
(7 ' B B S LSS ior a0t st oo
by wei ght0(i appldayiomeriye shegfrodiat ysreithdrown domtanibosigt artjduGir)atteftidhenhould
oL O o S DRl LB o on g S
cal cul ated byn §gitesslthe {nhibiting effect of the carbon dioxide, the epoxide is depleted rapidly
enough. It is possible to supply the carbon dioxide continuously or batchwise. This

depends on whether the epoxide is consumed quickly enough and whether the

15 product is to contain any CO»-free polyether blocks. The amount of carbon dioxide

(reported as the pressure) may likewise vary in the course of addition of the epoxide.

It is possible to gradually increase or lower the CO, pressure during the addition of

the epoxide, or to leave it at the same level.

20 A further possible embodiment in the stirred tank for the copolymerization (step ¥) is
characterized in that one or more H-functional starter compounds are metered
continuously into the reactor during the reaction. The amount of the H-functional
starter compounds which are metered continuously into the reactor during the
reaction is preferably at least 20 mol% equivalents, more preferably 70 to 95 mol%

25  equivalents (based in each case on the total amount of H-functional starter

compounds).

The activated catalyst-starter mixture can be copolymerized (further) with epoxide
and carbon dioxide in a stirred tank, or else in another reaction vessel (tubular reactor

30 orloop reactor).

In the tubular reactor, activated catalyst and starter, and epoxide and carbon dioxide,

are pumped continuously through a tube. The molar ratio of the reactants vary



N ={17(5. 1- 4. B W E4523 02+ F(4.5) 4, 102+ F(2. 4) an+ 03FPCPEE2011/057739
~1.0)*58+0. 25*F(1_6-1.52)*146 (XI) The factor of 102 results fromthe
sum of the nolar masses of CO2 (nolar nag88-44 g/ nol) and of propyl ene
oxi de (nmolar mass 58 g/nol), the factor of 58 results fromthe nol ar
mass of propyl ene oxide and the factor of 146 results fromthe nolar
20mass of ! hewlordingciontiedidiros (ol W8 adoreRRRARARRAHLAD chbolliGRbe is
(in %by weight) of cyclic carbonate (CC) in the reaction m xtur

was cal cul at €BCBpdfiBhis B by swpenzsmi fomnq Hhepgof] Re. fBOGAY i) lighiek ﬁ)rtnhm

I f N alc osj tion based
\c/)ﬁ ;J ﬁe g{)I yrreor?d%ont glrjl?&%g)c?g%{ $ |g§ﬂ%f éﬂ?hyef?‘}]é?orﬁmsy V\R}H{agﬁmﬁg’s HEapg
formed from sﬂmmaranﬁbommw&é@tebe@rgtﬂ@nﬁglbfﬂﬁééilﬁalxﬁé?:ai&ﬁﬁ'fé}?gﬁé‘uﬁ ?, by
whi ch tak I free conditions, and pol yether carbona
pO: 3C/o| ? 0 mﬁ?&@iﬁﬁ@%ﬂ%ﬂ pPépy Card.opr d@lr@ﬁaeeapmnmr?ﬁlemnm;wmql

h t t presence of CO2 an

I:Iu(ral ﬁ; 't\ﬁg Lg%ﬁ&ﬁﬁgﬁs‘;@g{nﬁﬂo}ﬁ%ﬁﬂéﬁ%ﬁhé&g e)?nrf.é’}raﬁconstl tuents of the

reaction mxture (i.e. cyclic propylene car bonateI and any unconverted

nt el i ated by cal cul ati on.
Dbt on_ by e Feaft)Ofwn RSHPLDEHaen G polyciar pacibIES Helyols
gar bogatg poITHRke g‘tfiiiéliaﬁ@'lﬁtﬁﬁ(%@l‘éa@tgrsawﬁ; fé@?&lﬁfgsg:ﬁ @(a 1e gEtS ltgé ge% 9)9'%‘1]%1(:}1
e nmeans o e factor

t IthICOZ dént &an alsp herepepadtd) eeritiemoesdy, boreatoep mcﬁltyh]ﬂal(féwomr Ebdi ateaﬁf a loop
C2"; see ex 0 and.tabl e 1) i.s, nor Ilze to the

propor ti on o? %L]or ‘%%ﬁpy%@%?évéagﬁ%ﬁtbécadﬁ?? g Cat Be pplementsd hewepnd

formed in theoqm@;boédm EdEREOMANhoRI BORRY. I drlle taca?ch %'fﬁpcﬁﬁ\%?ﬁoﬂrh

the presence o the proportion of the pol yet er carbonate

pol yol ol eciitke (mﬂ!a‘i"%lintﬁbés)uﬁ frsquenglncomrectedalommstirgatn. 8- oct anedi ol ) 15

and fromthe reaction of the starter with epoxi de which was added

under CO2-free conditions was not taken into account here).

H-funct i ehal Tataolyethee carponuteipslseld obhibbRyaME ikl RBbEII® th Shetlbn
20

have a low content of by-products and can be processed without any problem,
especially by reaction with di- and/or polyisocyanates to give polyurethanes,
especially flexible polyurethane foams. For polyurethane applications, preference is
given to using polyether carbonate polyols based on an H-functional starter
20 compound having a functionality of at least 2. In addition, the polyether carbonate
polyols obtainable by the process according to the invention can be used in
applications such as washing and cleaning composition formulations, drilling fluids,
fuel additives, ionic and nonionic surfactants, lubricants, process chemicals for
papermaking or textile production or cosmetic formulations. The person skilled in
25  the art is aware that, depending on the particular field of use, the polyether carbonate
polyols to be used must fulfill certain properties, for example molecular weight,

viscosity, polydispersity, functionality and/or hydroxy! number.



Exanpl es 1 t 0V® 20i184482%1 ysts were prepared as fol | owdCT/ERRANHNE7Y
- (conparative): Preparation of a DMC catal yst without addition of NaCH
The catal yst was prepared with an apparaf4is according to fig. 4 from
WO A 2501/39883. In a |oop reactor conprising a jet disperser
according to fig. 2 fromW>A 01/39883 with one hole (dianeter 0 7
mm, a sol utigxanifle58 g of zinc chloride in 937 g of distilled water
and 135 g of tert-butanol was circulated at 50C. For this purpose, a
solution of 26 g of potassium hexacyanocobal tate (0 078 m)l) in 332 g
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t he di spersi omspfitraaltadtioere filtered in a pressurized suction filter

with filter area 20 cnB and then washed with a m xture of 82 g of
tert-butanol, 42.3 g of 5 distilled water and 1.7 g of polypropylene

gl ycol 1000. TRB®MASHBE: fiykt Fﬁaﬁﬁﬁ;é’ﬁ%a% ﬁgﬁgg gﬁ'%‘v
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potentiometry). The test substance used was castor oil with certified OH number.

except

The statement of the unit in “mg/g” relates to mg[KOH]/g[polyether carbonate
polyol].
15
The proportion of incorporated CO, in the resulting polyether carbonate polyol and
the ratio of propylene carbonate to polyether carbonate polyol were determined by
means of 'H NMR (from Bruker, DPX 400, 400 MHz; zg30 pulse program, wait time
d1: 10 s, 64 scans). The sample was dissolved in each case in deutcrated chloroform.
20 The relevant resonances in the '"H NMR (based on TMS = 0 ppm) are as follows:
cyclic carbonate (which was formed as a by-product) resonance at 4.5 ppm,
carbonate resulting from carbon dioxide incorporated in the polyether carbonate
polyol (resonances at 5.1 to 4.8 ppm), unreacted PO with resonances at 2.4 ppm,
polyether polyol (i.e. without incorporated carbon dioxide) with resonances at 1.2 to
25 1.0 ppm, the 1,8-octanediol incorporated as a starter molecule with a resonance at 1.6

to 1.52 ppm.

The molar proportion of the carbonate incorporated in the polymer in the reaction

mixture is calculated by formula (IX) as follows, using the following abbreviations:
30 F(4.5) = area of the resonance at 4.5 ppm for cyclic carbonate (corresponds to one

hydrogen atom)

F(5.1-4.8) = area of the resonance at 5.1-4.8 ppm for polyether carbonate polyol and

a hydrogen atom for cyclic carbonate



The catal yst WA2IE4533 wi t h an apparatus accordi ng tRCTIEP2041f0501M39
- WD-A 01/39883. In a |loop reactor conprising a jet disperser according
to fig. 2 fromWD>A 01/39883 with one hoké-(diameter 0.7 mm, a
solution of 258 g of zinc chloride in 937 g of 15 distilled water,

135 g of tert-butanol and 7.8 g of a 10% aqueous NaOH (0.0195 nol of
base equi val St = i | se, a solution
of 26 g of p(;qf(g?éi ﬁ&hiﬂ;gﬁi%%a?g%gﬁ"gp@ fg%%%n%?gg‘ﬁgessz g of
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for 2060 mn. Thereafter, a mxture of 5.7 g of tert-butanol, 159 g

of distilled water and 27.6 g of pol ypropyl ene glycol 1000 was
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with filter aheeadfibicmktasd t hen washed with a m xture of 82 g of
tert-butanol, 42.3 g of 25 distilled water and 1.7 g of

pol ypr opyl ene gl ycol 1000. The washed filtercake was squeezed

mechani cal |y between 2 strips oﬁ(ﬁf L'.;;'F rpaper and finally dried at
60C under hi gh Mae —ap — D05 bar— : orx2ph. - (x)
Exanpl e 3: Prepar atitoh-of) 2F et 84t aF¢ - 14 t B26% B8 6rdi52bf  base '
equi val ents per 30 nol e of potassium hexacyanocobaltate A 11

r ound- botlfom Thegséportien byineighk (iy % bamgeghtyof folgmesbatint @8rbohaté (BCY) in the
(0.022 nol) of C&gt assj um heéic an co%g}l@t%':](sq 39 g of tert-butanol and
302 g of di st™eHRRE L FasElebded By Sseuld{®e stirring vigorously by
nmeans of a |aboratory stirrer (1000 rpm. -28- 152 g of a 50%
aqueous solution of zinc chloride (alkalinity 0.64% by wei ght of ZnQ
correspondi ng to 0.012[{apk-aek) basesypagbval ents) were added dropw se
to the stirred sol %%Wsﬁﬂﬁﬁuently, the mixture was{X)
stirred at 30C for a further 36 mn (1000 rpm. The suspension forned

was filtered f  suction Lilter bseguent 3.0 g of
the noist fiMESFEDEQaE fo ?sﬁg?%g@*‘%ﬁbésgﬂéﬁ#?igy&r@a%ag 'y (1000
rpm) in &5m xture of 110 g of tert-butanol and 60 g of dist. water.
Once all of the solids had been dispersed honbgeneously in the wash
sol ution, the! nifstlud-8-RaS)ISH 1 1PIFF50F 0.35e F(L 30L07H 38+ 0. THE(1.6-1.52) %146
suspension was filtered again by nmeans of a suction filter and the
noi st filtercake was finally dispersed once again in 10144 g of (X1)
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reduced pressure |
44 g/mol) and of propylene oxide (molar mass 58 g/mol), the factor of 58 results

from the molar mass of propylene oxide and the factor of 146 results from the molar

20 mass of the 1,8-octanediol starter used.

The proportion by weight (in % by weight) of cyclic carbonate (CC”) in the reaction

mixture was calculated by formula (XII)

CC'= F {4.5;)T* 102
25 A
where the value for N is calculated by formula (XI).

*100% | (X1

In order to use the values for the composition of the reaction mixture to calculate the



Exanpl e 4: Pr¥fRat@ti 4588 a DMC catal yst with 0.372 nol PGT/ERX31/057739
- equi val ents per nole of potassium hexacyanocobaltate 15 The catal yst
was prepared with an apparatus according2te fig. 4 fromW>A
01/39883. In a |loop reactor conprising a jet disperser according to
fig. 2 fromWD>A 01/39883 with one hole (dianmeter 0.7 nm, a solution
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bet ween 20st rsighemet of fHet €0, papent imke (falyedhdryadbonatd patyob(Ghdoastestedicuhy,”; -
vacuum at approx..0.05 bar solute) for. 2 h. - 29 - equivalents
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was met er ed CANCIFPRS Wasaod taken dte geqognt ifse) et di sperser was 2.5 bar.
10 Subsequently, the dispersion forned was circulated at 50C and a
pressure drop in the jet disperser of 2.5 bar for 60 nm Thereafter,
a m xture of Ebfuhctiorl staetet edmpoandhsedl59 g of distilled water and 27.6
g of pol ypropy) ene gl ycol 1000 was netered in and then the dispersion
was circul at gfﬁ"é‘fta and ali9reEmaAldrely in the jet disperser of 2.5
bar for 8§ mm

Examples 1 to 7: The catalysts were prepared as follows:

Example 1 (comparative): Preparation of a DMC catalyst without addition of NaOH
The catalyst was prepared with an apparatus according to fig. 4 from WO-A
25 01/39883.
In a Joop reactor comprising a jet disperser according tcl) fig. 2 from WO-A 01/39883
with one hole (diameter 0.7 mm), a solution of 258 g of zinc chloride in 937 g of
distilled water and 135 g of tert-butanol was circulated at 50°C. For this purpose, a
solution of 26 g of potassium hexacyanocobaltate (0.078 mol) in 332 g of distilled-
30 water was metered in. The pressure drop in the jet disperser was 2.5 bar.
Subsequently, the dispersion formed was circulated at 50°C and a pressure drop in
the jet disperser of 2.5 bar for 60 min. Thereafter, a mixture of 5.7 g of tert-butanol,
159 g of distilled water and 27.6 g of polypropylene glycol 1000 was metered in and



15230 g of t WYPEHEM4523 obt ai ned were filtered in a REELiR201 6957739
suction filter with filter area 20 cnB and then washed with a m xture
of 82 g of tert-butanol, 42.3 g of distiBVed water and 1.7 g of

pol ypropyl ene glycol 1000. The washed filtercake was squeezed

mechani cal ly between 2 strips of filter paper and finally dried at

60C under hi ghenvee dikFemionaRRy QiouldbdR J08C 2h@BIRELLR)arbPln Re ot £
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di spersion forned was circulated at 50C and a pressure drop in the
jet disperser of 2.5 bar for 60 mm Thereafter, a m xture of 5.7 g of
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gl ycol 1000 was netered I n an i spersi on

ci rcul at é8 atqs@dents penmpleadpotagsidmdpxacyahdrebplette d:c sloer Se:j of 2.5 bar
for 80 mn. Q f the dispersion obtained were filter in a
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with a m xtume/3oR882 g of tert-butanol, 42.3 g of distilled water and
1.7 g of polypropylene glycol 1000. The washed filtercake was 5
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in. The pressure drop in the jet disperser was 2.5 bar. Subsequently, the dispersion
formed was circulated at 50°C and a pressure drop in the jet disperser of 2.5 bar for
20 60 min. Thereafter, a mixture of 5.7 g of tert-butanol, 159 g of distilled water and
27.6 g of polypropylene glycol 1000 was metered in and then the dispersion was
circulated at 50°C and a pressure drop in the jet disperser of 2.5 bar for 80 min.
230 g of the dispersion obtained were filtered in a pressurized suction filter with
filter area 20 cm® and then washed with a mixture of 82 g of tert-butanol, 42.3 g of
25  distilled water and 1.7 g of polypropylene glycol 1000. The washed filtercake was
squeezed mechanically between 2 strips of filter paper and ﬁnélly dried at 60°C

under high vacuum at approx. 0.05 bar (absolute) for 2 h.

Example 3: Preparation of a DMC catalyst with 0.55 mol of base equivalents per
30 mole of potassium hexacyanocobaltate

A 11round-bottom flask was initially charged with a solution of 7.4 g (0.022 mol) of

potassium hexacyanocobaltate, 39 g of tert-butanol and 302 g of dist. water, and

heated to ‘30°C while stirring vigorously by means of a laboratory stirrer (1000 rpm).



distilled watWiO 20H5144583 tert-butanol and 62.4 g of a POVERAIBHSTTIO
- NaOH (0.156 nol) 15 was circul ated at 50C. For this purpose, a
solution of 26 g of potassium hexacyanoe@Baltate (0.078 nol) in 332 g
of distilled water was netered in. The pressure drop in the jet
di sperser was 2.5 bar. Subsequently, the dispersion fornmed was

cireul ated at1s3QCoprAG0% BHRDIYEEUHERRE iZhct dffor@t (afliafi 0P 2B
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performed 3 tines. At 130C and in the absence of CO2, 25 g of
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("hot spot™) essure dro 0 the starting pressure (approx.
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formed was circulated at 50°C and a pressure drop in the jet disperser of 2.5 bar for
60 min. Thereafter, a mixture of 5.7 g of tert-butanol, 159 g of distilled water and
25 27.6 g of polypropylene glycol 1000 was metered in and then the dispersion was
circulated at 50°C and a pressure drop in the jet disperser of 2.5 bar for 80 min.
230 g of the dispersion obtained were filtered in a pressurized suction filter with
filter area 20 cm® and then washed with a mixture of 82 g of tert-butanol, 42.3 g of
distilled water and 1.7 g of polypropylene glycol 1000. The washed filtercake was
30 squeezed mechanically between 2 strips of filter paper and finally dried at 60°C
under high vacuum at approx. 0.05 bar (absolute) for 2 h.

Example 5 (comparative): Preparation of a DMC catalyst with 0.20 mol of base



Exanpl e Cat al Y 204523 m exanpl e Alkalinity [mol of bREE/RRAKLL/057E39
- mole of K3[Co(CN)6]] Tine 1 [min] CO2 incorporated [% by wt.]
Selectivity cyclic/ linear OH nunber [ngl8} Poly-dispersity 8 (conp.)

1 (conp.)

10

15

20

25

30

-~ 30 21.0 0.20 65.5 1.70 9 (conp.)

equivalents per mole of potassium hexacyanocobaltate

The catalyst was prepared with an apparatus according to fig. 4 from WO-A
01/39883.

In a loop reactor comprising a jet disperser according to fig. 2 from WO-A 01/39883
with one hole (diameter 0.7 mm), a solution of 258 g of zin¢ chloride in 937 g of
distilled water, 135 g of tert-butanol and 153 g of a 10% aqueous sodium
monomethyl carbonate solution (0.0156 mol) was circulated at 50°C. For this
purpose, a solution of 26 g of potassium hexacyanocobaltate (0.078 mol) in 332 g of
distilled water was metered in. The pressure drop in the jet disperser was 2.5 bar.
Subsequently, the dispersion formed was circulated at 50°C and a pressure drop in
the jet disperser of 2.5 bar for 60 min. Thereafter, a mixture of 5.7 g of tert-butanol,
159 g of distilled water and 27.6 g of polypropylene glycol 1000 was metered in and
then the dispersion was circulated at 50°C and a pressure drop in the jet disperser of
2.5 bar for 80 min. '

230 g of the dispersion obtained were filtered in a pressurized suction filter with
filter area 20 cm® and then washed with a mixture of 82 g of tert-butanol, 42.3 g of
distilled water and 1.7 g of polypropylene glycol 1000. The washed filtercake was
squeezed mechanically between 2 strips of filter paper and finally dried at 60°C
under high vacuum at approx. 0.05 bar (absolute) for 2 h.

Example 6: Preparation of a DMC catalyst with 1.25 mol of base equivalents per

“mole of potassium hexacyanocobaltate

The catalyst was prepared with an apparatus according to fig. 4 from WO-A
01/39883.

In a loop reactor comprising a jet disperser according to fig. 2 from WO-A 01/39883
with one hole (diameter 0.7 mm), a solution of 427 g of zinc bromide in 937 g of
distilled water, 135g of tert-butanol and 39.0g of a 10% aqueous NaOH
(0.0975 mol) was circulated at 50°C. For this purpose, a solution of 26 g of
potassium hexacyanocobaltate (0.078 mol) in 332 g of distilled water was metered
in. The pressure drop in the jet disperser was 2.5 bar. Subsequently, the dispersion
formed was circulated at 50°C and a pressure drop in the jet disperser of 2.5 bar for
60 min. Thereafter, a mixture of 5.7 g of tert-butanol, 159 g of distilled water and
27.6 g of polypropylene glycol 1000 was metered in and then the dispersion was
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circulated at 50°C and a pressure drop in the jet'disperser of 2.5 bar for 80 min.

230 g of the dispersion obtained were filtered in a pressurized suction filter with
filter area 20 cm’ and then washed with a mixture of 82 g of tert-butanol, 42.3 g of
distilled water and 1.7 g of polypropylene glycol 1000. The washed filtercake was
squeezed mechanically between 2 strips of filter paper and finally dried at 60°C
under high vacuum at approx. 0.05 bar (absolute) for 2 h.

Example 7 (comparative): Preparation of a DMC catalyst with 2.0 mol of base
equivalents per mole of potassium hexacyanocobaltate

The catalyst was prepared with an apparatus according to fig. 4 from WO-A
01/39883.

In a loop reactor comprising a jet disperser according to fig. 2 from WO-A 01/39883
with one hole (diameter 0.7 mm), a solution of 427 g of zinc bromide in 937 g of
distilled water, 135 g of tert-butanol and 62.4 g of a 10% aqusous NaOH (0.156 mol)
was circulated at 50°C. For this purpose, a solution of 26 g of potassium
hexacyanocobaltate (0.078 mol) in 332 g of distilled water was metered in. The
pressure drop in the jet disperser was 2.5 bar. Subsequently, the dispersion formed
was circulated at 50°C and a pressure drop in the jet disperser of 2.5 bar for 60 min.
Thereafter, a mixture of 5.7 g of tert-butanol, 159 g of distilled water and 27.6 g of
polypropylene glycol 1000 was metered in and then the dispersion was circulated at
50°C and a pressure drop in the jet disperser of 2.5 bar for 80 min.

230 g of the dispersion obtained were filtered in a pressurized suction filter with
filter area 20 cm® and then washed with a mixture of 82 g of tert-butanol, 42.3 g of
distilled water and 1.7 g of polypropylene glycol 1000. The washed filtercake was
squeezed mechanically between 2 strips of filter paper and finally dried at 60°C
under high vacuum at approx. 0.05 bar (absolute) for 2 h.

Examples 8 to 14: The catalysts were tested in the preparation of polvether carbonate

polyols as follows:

A 1 liter pressure reactor with a gas metering device was initially charged with
141 mg of dried DMC catalyst according to examples 1 to 7 (see table 1 below) and
dried 51 g of 1,8-octanediol (starter). The reactor was heated to 130°C and inertized

by repeated injection of nitrogen to approx. 5 bar and subsequent decompression to
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approx. 1 bar. This operation was performed 3 times. At 130°C and in the absence of
CO,, 25 g of propylene oxide (PO) were metered rapidly into the reactor, The
activation of the catalyst was perceptible by a temperature peak (“hotspot™) and bya
pressure drop to the starting pressure (approx. 1bar). After the first pressure drop,
20 g of PO and then 19 g of PO were metered in rapidly, as a result of which there
was again a temperature peak and a pressure drop in each case. Once the reactor had
been charged with 50 bar of CO,, 50 g of PO were metered in rapidly, as a result of
which there was a temperature peak after a wait time [time 1]. At the same time, the
pressure of carbon dioxide CO; began to fall. The pressure was regulated such that,
when it fell below the target value, new CO; was added. Only thercafter was the
residual propylene oxide (435 g) pumped continuously into the reactor at approx.
1.8 g/min, while the temperature was lowered to 105°C after 10 minutes in steps of
5°C per five minutes. After PO addition had ended, stirring was continued
(1500 rpm) at 105°C and the pressure stated above until no further consumption of

CQO; was observed.

Table 1: Preparation of polyether carbonate polyols

Example Catalyst | Alkalinity Time 1 |CO, Selectivity [OH Poly-
used from|{[mol of base |[min] incorporated | cyclic/ nurnber | dispersity
example |equiv. per [% by wt.] |linear [mg/g]

mole of
Ks[Co(CN)g]]

8 (comp.) |1 (comp.) - 30 21.0 0.20 65.5 1.70

9 (comp.} |2 (comp.) 0.25 38 21.0 0.21 64.6 1.52

10 3 0.55 74 19.3 0.16 66.6 1.68

11 4 0.372 58 18.7 0.17 65.3 1.52

12 (comp.) |5 (comp.) 0.20 114 224 0.22 75.2 1.91

13 6 1.25 - 50 18.8 0.14 48.7 * 1.44

14 (comp.) |7 {comp.) 2.0 188 185 0.14 | 57.3% 1.59

comp. =comparative example
*) OH number of the reaction mixture without prior removal of propylene carbonate

formed

It becomes clear from the results in table 1 that a minimum amount of base is needed
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to achieve an improvement in the selectivity relative to a DMC catalyst without
addition of base. Thus, the selectivity without addition of base (ex. 8 (comp.)) is not
improved by addition of 0.2 (ex. 12 (comp.)) or 0.25 (ex. 9 (comp.)) base equivalent
per mole of K3[Co(CN)s] in the preparation of the DMC catalyst. Only from an
alkalinity of more than 0.25 base equivalent per mole of K3[Co(CN)g], e.g. 0.37 base
equivalent per mole of K3[Co(CN)s] according to ex. 11, is the selectivity improved
in favor of the desired linear polyether carbonate polyol. An excessive proportion of
base equivalents per mole of K3;[Co(CN)s], in contrast, worsens the economic
viability of the process; even a proportion of 2.0 mol of base equivalents per mole of

K3[Co(CN)g] prolongs time 1 to more than 120 min (ex. 14 (comp.)).
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25 one or more organic complex ligands, one or more alkaline metal
hydroxides and/or metal carbonates and/or metal oxides being present
either in the aqueous solution of the cyanide-free metal salt or the
aqueous solution of the metal cyanide salt, or in both aqueous solutions,
and the sum of the alkaline metal hydroxides and/or metal carbonates

30 ‘ and/or metal oxides used being 0.3 to 1.8 mol of base equivalents
(based on 1 mol of the metal cyanide salt used for catalyst synthesis),

(1) in the second step, removing the solids from the suspension obtained
from (i),
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synthesis) in the form of an alkaline metal hydroxide, metal carbonate and/or

metal oxide.

15 5. The process as claimed in any of claims 1 to 4, wherein the alkaline metal
hydroxide, metal carbonate and/or metal oxide used is selected from at least
one of the group consisting of the oxides or hydroxides of metals of groups
la and 2a of the Periodic Table of the Elements.

20 6. The process as claimed in claim 5, wherein the alkaline metal hydroxide,
metal oxide and/or metal carbonate used is selected from at least one of the
group consisting of sodium carbonate, sodium hydroxide, potassium
hydroxide, potassium carbonate, calcium oxide, calcium hydroxide, barium

hydroxide and barium oxide.

25
7. The process as claimed in claim 2 or 3, wherein the cyanide-free metal salt
used for formation of the DMC compound is selected from at least one of the
group consisting of zinc chloride, zinc bromide, zinc iodide, zinc acetate, zinc
acetylacetonate, zinc benzoate, zinc nitrate, iron(II) sulfate, irdn(II) bromide,
30 iron(IT) chloride, cobalt(II} chloride, cobalt(II) thiocyanate, nickel(II) chioride

and nickel(Il) nitrate.

8. The process as claimed in claim 2 or 3, wherein the metal cyanide salt used is
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15 amount of the amount of alkylene oxides used in the activation and
copolymerization) of one or more alkylene oxides to the mixture
resulting from step (o), and in each case awaiting the temperature peak
("hotspot") which occurs due to the exothermic chemical reaction
which follows and/or a pressure drop in the reactor,

20 (B2) in a second activation step, after the temperature peak attained in
the preceding activation step, adding a second portion (based on the
total amount of the amount of alkylene oxides used in the activation
and copolymerization) of one or more alkylene oxides to the mixture
resulting from the preceding activation step, and in each case awaiting

25 the temperature peak ("hotspot") which occurs due to the exothermic
chemical reaction which follows and/or a pressure drop in the reactor,

(Y) one or more alkylene oxides and carbon dioxide are added to the

mixture resulting from step (B) ("copolymerization").

30 10.  The process as claimed in any of claims 1 to 9, characterized in that the
copolymerization of alkylene oxides and carbon dioxide is effected under a

pressure of 1 to 200 bar.
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conpounds are netered continuously into the reactor durli
reacti on. tubular reactor, stirred tank or loop reactor.

13. The process as claimed in any of claims 1 to 11 performed in a stirred tank,
10 characterized in that, in step ), one or more H-functional starter compounds

are metered continuously into the reactor during the reaction.



