- 1 - Process for the Production of Polyether Carbonate Pol yols The
present invention relates to a nmethod for, produci ng polyether
carbonate polyols fromone or nore Hfunctional starter substances,
one or nore al kyl ene oxides and 5 carbon dioxide, in the presence of
at | east one double netal i de catal yst, wherein the double
net al cyani dregesafosthefiypductionsofPolyetherCarbonsfBolysliponent sel ect ed
fromthe group consisting of polycarbonate diol, polyether carbonate
pol yol , pol yethyl ene glycol diol and poly(tetranethylene ether diol).
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reaction of al kyl ene oxi des (epoxides) and carbon dioxide in the
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1969). 15 This reaction using an Hfunctional starter conpound for
exanpl e i s repleetsd hroatths @neupetongigling of prlxeatemate(digl, polyether aarborate polyol,
denot es an organi,c.radical .such, as al kyl | kyl.aryl .or aryl, each of
whi ch can al ?g Vd er“ie@ %Lglgr%%oﬁ%@eéﬁé?ﬂgimﬁﬁheéé le 0, S, Si,
etc., and in which e and f denote an integer, and wherein the product
shown here in schenme (1) is to be understood as representing the
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restricted to the polyether carbonate polyol shown in schene (1).
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whi ch a part nmount of al kyl ene oxi de conpaund, optionally in the
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generally be preceded by a sg&i to dry the DMC catal yst and )
optional iy twelysther caopgte gobxph e dimsehema iy Hrelrectior figgagheme (1)) is

pressure, Vm%'égliogicyl])i/ Svegr %h%tasgte&ps, da%et%is reaction represents the conversion of a

25  greenhouse gas such as CO; to a polymer. The cyclic carbonate shown in formula (I)

(for example propylene carbonate in the case of R = CHj) forms as a further product,

in actual fact a secondary product.



15 not formpart of the activation step within the neaning of the
present invention. The formation of copolymers from epoxides (e.g.
propyl ene oxi de) and carbon di oxi de has been known for sone tine.
Thus US 4500704 for exanpl e describes the copol ynerisation of carbon
di oxi de and propyl ene oxide using DMC catalysts. In 20 this case, for

exanple, 71% of the propy | ene oxi de was converted Rn reactor, y )L
starting fro t£t§é@qter upstance and ,12.3 Oa%wﬂf (212,

nmol ) and un roa canbﬁ%ﬁdrégﬁde pressure 0 48 bar,” after 4 ours

at 35C. O the converted 150.5 nmol of propyl ene oxrde, 27 | (18%
reacted to the generally unwanted secondary product propyl ene

carbonate. 25 US 6762278 B2 concerns the object of providing M

crystalline nulti-nmetal cyanide catal ysts, which in the

copol yneri sati on of epoxi des and carbon dioxide are said to lead to
an i nproved incorporation of carbon dioxide. US 6762278 B2 di scl oses
- 3 - multi-netal cyanide catal ysts which have a content of

platelet-like particles. of at |east 30 wt . % and mhrch can conprise as
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cyclic carbonate to _|linear polyether carbonate) Surprisingly it was
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starter substan one ene oxr es an i OX

in the presenggetipdr \alttDb/@r@atraldy@i in mbaéaﬁtﬁrﬁfvhﬁgdo the I’eﬁtaiontdfelmielomde
nmet al cyanrde catal yst conprises at |east one_conpl ex-forning
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invention prané ge;se@ertﬁtmg th @ic @croeﬁtu@ctm theliytpdietire build-up. The activation
step can generally be preceded by a step to dry the DMC catalyst and optionally the
starter at elevated temperature and/or reduced pressure, wherein this drying step does

15 not form part of the activation step within the meaning of the present invention.

The formation of copolymers from epoxides (e.g. propylene oxide) and carbon
dioxide has been known for some time. Thus US 4500704 for example describes the
copolymerisation of carbon dioxide and propylene oxide using DMC catalysts. In
20 this case, for example, 71% of the propylenc oxide was converted in a reactor,
starting from a starter substance and 12.3 g of propylene oxide (212 mmol) and
under a carbon dioxide pressure of 48 bar, after 48 hours at 35°C. Of the converted
150.5 mmol of propylene oxide, 27 mmol (18%) reacted to the generally unwanted
secondary product propylene carbonate.
25
US 6762278 B2 concerns the object of providing crystalline multi-metal cyanide
catalysts, which in the copolymerisation of epoxides and carbon dioxide are said to

lead to an improved incorporation of carbon dioxide. US 6762278 B2 discloses



carbonate polyols fromone or nore Hfunctional starter substances,
one or nore al kyl ene oxides and carbon dipxide, in the presence of a
DMC catal yst, characterised 20 in that the DMC catal yst conprises at
| east one conpl ex-form ng conponent sel ected fromthe group

i sti f ) b di.ol , | yeth b t | [,
5ol yet hy! ene Y JeBHAHPEI dner uty (TaeH BRER hyreke &1 Rereiaite parifies of i
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H functi onal starter substances prepar ed an I ona

and/ or ot her poilktiey alcohalt, wikick dopobingts yakdétionarfepetideytoal@halsed
tenperature and/or reduced pressure ("drying"), wherein the DMC
catalyst is added to the Hfunctional starter substance or to the

attor. arying, A ekt df e e SHIARR WAL bR RERRARAZS: BELRIFa fliyaper

wher ei n thi s caghdinbieOpol9bls athparofetymaUvoaiabRl kslb@VetyOofiiedQowartio of cyclic
optionally take place In the presence of CO2, and wherein the
t enper at ur e FaBIONAtEER Lpearpobiether eathepa®cause of the subsequent
exot herm ¢ chemi cal reaction and/or a pressure drop in the reactor is
t hen 5awaited, and wherein the activation step (3) can also be

perfonned norgurp 19 RtGRas forlnd HALtHR afdrementadrel o8R8t @skiiefedita mefhdaor
di oxi de are netered continuously into the m xture resulting fromstep

(3) ("copdl yrmeedusing oalyetheprnartwingtet helyalsk fipenend Ouxindes Hideartiooal stager
copol yrrerisatigsrsl can be the Saéiﬁ @s, or. diff(gre t fronzithet Ik%/?:sene ¢
oxi des used i HORFEE™(BY. O MOThERYER? 95idFd AP FaBop iiide, )yt e pepgnce of a
amount of al kylenetayétden£2RNeAGn 1R thOARIYIY niefhltcgﬁni@é efERStecoipristR at
is added to the DMC catal yst, wherein owing to a 1 subsequent

exot her mi ¢ cHeast cale remplek dormaing eopapancnt scloetadt oot deogiovpndénsistiag of

pressure drop in the regctor js_observed, In the tivation step. of
Phe” et hod_ adebRarigeEo e rPHRT  GroTHle gabelaRBNREYERe PG chis! and
oxi de conpoungReirafledQlneMet B10Ne or nore additives A) and the DMC
catal yst can be m xed with one or nore additives A) and optionally

with one or nore netal salts. The activation
A preferred embodiment of the invention provides a method for producing polyether
carbonate polyols from one or more H-functional starter substances, one or more
alkylene oxides and carbon dioxide, in the presence of a DMC catalyst, characterised
20 in that the DMC catalyst comprises at least one complex-forming component
selected from the group consisting of polycarbonate diol, polyether carbonate polyol,

polyethylene glycol diol and poly(tetramethylene ether diol), wherein

() the H-functional starter substance or a mixture of at least two H-functional
25 starter substances is prepared and optionally water and/or other highly volatile
compounds are removed by eclevated temperature and/or reduced pressure
("drying"), wherein the DMC catalyst is added to the H-functional starter
substance or to the mixture of at least two H-functional starter substances before
or after drying,
30
{(B) for activation purposes a part amount (relative to the total amount of the amount

of alkylene oxides used in steps ()} and (y)) of one or more alkylene oxides is



20 process step is the tine period fromthe addition to the DMC

catal yst of the part anmount of al kyl ene qﬁide conmpound, optionally in
the presence of CO2, to the hotspot. The activation step can
generally be preceded by a step to dry the DMC catal yst, optionally
one or nore additives A) and optionally one or nore netal salts and
optional |y the sdded & theymertescarcsuting atenr @).awbgrein thesdeddidon of a part

, wherein 25 this. dryin d f f th
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for the method according to the invention. The al kyl ene oxi des havi ng
2 to 24 carbon 38otheoms elremitalrreastomphmsl/ome pyessmsr dropoimpthentigctor is then

selected fromthe group .consisting of ethyle oxi de,. propyl ene

oxi de. 1 But ene aerae. ang Sh5eE e defrash Yol gt abo e e BiRd e dpen
(i sobut ene oxi dghce l- pent ene oxi de, 2, 3-pentene oxide, 2-nethyl-1,2-

- 5 - butene oxide, 3-methyl-1,2-butene oxide, 1-hexene oxide,

2, 3-hexene oxide, 3,4- hexene oxide, 2-nethyl-1, 2-pentene oxide,

4- et hyl -1, 2- pent ene oxi de, .2-ethyl -1, 2- butene_oxide, 1-hept.ene ., .
oxi de, 1-oct e@e 0B%i% dnore Affeagexadgs gud carbga dinedg giedaetered ORIl into
oxi de, 1-dodece | 1 = - I u i
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oxi de, pinene oxide, nonp- or, poly-epoxidised fats as nono-, di- and
triglycerides, ?I@i%@%ﬂv , Cl-Cmesters of epoxidised
fatty acids, epichlorohydrin, glycidol, and derivatives of glycidol
such as for exanple methyl glycidyl ether, ethyl glycidyl 10 ether,

2- et hyl hexyl Iglthei ahtivagdhatep &téry|(BD) ¥ asty bmetienf alityaicdykide compound,
nmet hacryl ate and erqu-functional al koxysi | anes_such as faor exanple

3- gl yci dyl oxyBEepaY nrtheriesraies of Chte1s agldgd {acthg MM satabysis wherein owing to a
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di et hoxysi | angessGregliopi By tlexyqacop)it dbsérdved pIno flex ¥&ivadoe . stdpt by It énethod
oxi de and/ or 15propyl ene oxide, in particular propyl ene oxide, are
preferably udeePrdpgsioKie dpengen dbe pprs agqupt of plkylepapeidsgeompaung gan also
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for the 20 aliersyddditives Ay and wptieManPéth- &34, or MNdde (REthImedls. e N@S) ation
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pr ef er r ed0an®Prowss BEP rig tratimieeriad | fom s addiben tohe BMGrsptalysopd tgrivhst
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and optionally the starter by elevated temperature and/or reduced pressure, wherein

25  this drying step does not form part of the activation step within the meaning of the

present invention.

Alkylene oxides (epoxides) having 2 to 24 carbon atoms can generally be used for
the method according to the invention. The alkylene oxides having 2 to 24 carbon
30 atoms are for example one or more compounds selected from the group consisting of
ethylene oxide, propylene oxide, 1-butene oxide, 2,3-butene oxide, 2-methyl-1,2-

propene oxide (isobutene oxide), 1-pentene oxide, 2,3-pentene oxide, 2-methyl-1,2-



25 pol yol s, pol yether carbonate polyols, polycarbonate polyols,
pol ycar bonat es, pol yet hyl enei m nes, polyether am nes (for exanple
Jeffam ne(r) from Huntsman, such as for exanple D230, D400, D 2000,
T-403, T-3000, T-5000 or correspondi ng products from BASF, such as
for exanpl e pol yether am ne D230, D400, D200, T403, T5000), _
pol yt et r ahydrigfneapride.f bmedwinp-butreg gxide( 1iherensnexdde. EpShexengcoxide 3,4-
for exanpl e Rgl yTHE(.F 5 S,..1000, .1000S 0 800, .20
pol yt et rahydrh% %I}ea(g’_glg%ﬁzzﬁlggthg Ei%ﬂjeﬁl%%l l?é’:‘Edlepg'l“&‘?“é‘gl?la%?8‘%*8?%‘?’8%6’%%%%1'1=2“
1700), pol yetth@dnet d¥idd, 9 -hdpedngasidd, atetdel okedes | -mshObxiak, 1-dédeae FRINR; 1-
or diglyceride of - 6 - ricinoleic acid, nonoglycerides of fatty
aci ds, cheni cadesengopdixideed lrdﬂd@ce,nedioxxémdﬂdnethyl'réﬁ*)p@eﬁen@legxw, f butadiene
acids, and Cl-C24.al kyl fatty acid. ester whi ch on ., average conpri s
2t least 2 OTYREiHs PRt cOlPeXdsy o CYSHIFYTE eHfifI o ChINE  oxide
Hfunctional StRhEREnS RIS ACRcRYe WRMObtyRNBMRI®R, nldAfEhehl dxRkKYinene
fatty acid esters, 5 which on average conprise at | east OH groups
per nol ecul e,oxadee e chAy-eperodiged dats s merw-1 dipraad origBatmadese epoxidised
(BASF AG), i nol (r rades (Hobum (O eochem cal s. . Sovernpl (r
G ades. ( ogniteiatiSeli- B Xar 1! EPeRLd o A 4t Sy G TH3 P i R Gl
Co.). 10 Al coRghstiveBMageidsiNsiRhSaseie &@ @(,}ﬂeﬁﬁd %Hcﬂﬁrl Gaikr b&hyﬁggci@a
monof uncti onal starter conpounds. The fol Fow ng can beé used as
monof unctlifonaithes) Eattinilisaxyhetywatyblethess hldyloglycidylpetbgrambycidy? -mpetbpaplate, and
1- butanol, 2-butanol,. t rt-?utaqol, 3-buten-1_-ol, 3-fut¥n-1:o&,
2- et hyl - 3- bifPeRYBIRstiona alkpsilanes ppl 2.48)  Topr sxagple at-ebiistyloxypropyl
2- et hyl - 2- pr.aRRRxysiknker t3. Yxarn an 3 ano}_olvei

ySIFan A Eﬁfgglgnogﬁ?ﬁ??ﬁ metqo?(ygﬁdﬁﬁ, 04 I,'g3yc1dyloxypropyl

2- pent anol, 3-pentanol, 15 1- exano exano

1- hept anol , Zripmpbaysilhne, 3-flggtgloripropylantthplodimethoagtibne) 3-gBalylaypiopyl
4-octanol, phenol, 2-hydroxybi phenyl, 3-hydroxybi phenyl _

4- hydr oxybi pﬁ@?ﬁ@ef@wgq%x%%ddﬁwp@ R}am%gpwwhpﬁeﬁthﬂm oxide and/or
4- hydr xRy iy ReneSHkiigPl pARRAMRYNSES NGRS | :

but yl am ne, tpgr}%ﬁ%nut y{uarﬁ ne,p pentaqug{j’r}:))ﬁg?el ﬁ%)%l g‘?ﬁ %%?érﬁflqsﬁ%,as alkcylene
aziridine, pywxidesiilstep(i).pi peri di ne, norpholine. The follow ng 20 can
be used as nonofunctional thiols: ethanethiol, 1-propanethiol,

2- propanet hi ol , 1-butanethiol, 3-methyl-1-butanethiol,

2- but ene- 1-t Ip ' el | Qi t ST
nonof uncti o ng? &c%or'%lgi ;i/)l F?@Q g{(::tlw S ﬁe?%%% @%ﬂyﬁg&%gﬁnﬁcﬁ?&gr%ﬁ (S)Url11|ta(l:J le
aci d, butyri dl-danéetiodadistyrtacsabstanicd) A&ivet gaupL hating, aciat H tdtémadbd the
oleic acid, linoleic acid, linolenic acid, benzoic acid, acrylic

aci d. 25 28ui tadlsPalasiony#pdiarc exanelnotQHasNHe f (rERdry rEningda (secondary
bst . e < i | . .
ot hyl one gl ycanin®l, ST COMCENE Sis ol Muts Bollg Biefefics SHATRT being

glycol, 1, 3- paapaneligtferréd Otérane@d ompolnds SlcROGHOthe group consisting of
1, 4-butynedi ol , neopentyl glycol, 1,5-pentanediol, nethyl pentanediols
(such as for moaesapplyaydigaleehals, pobvplent amegs.qio)yvalens thelg.aaeiap @loohols,

1, 8-oct anedi q| ., 0-decanedi o 1.12-dodecanedi ol

o1 o hyar owyrabRy M5O TERBRS B oS HERES dnfiester potvos, polyester ether
1, 4- bi s( hgdr gy, hyblyemye! @Hﬂ@éﬁﬁi@)%ol%élb,etﬂ%Wcﬁfb%n&Eyg@iyols, polycarbonates,
tetraethyl ene - 7 ° gl ycol, polyethylene ‘glycols, dlproBerne

gl éwl i }3 ri plrmbsﬂﬂeall\@leg}nyl_esal pqlﬁ@lévpampweﬁﬁ@rl gkaneme ,Je’éfalm?teyl from Ql}uytsman,
r1 nethyl ol bt Gy iarbie "PRAAG, B8 e 00 < d:hn ol Chsbop o

oi I); tetrahydrlegmAlifghRbauds $oh B IP susk aTbhe ePﬁﬁEl?%foWeﬁf& tadlide D230,

pol yal cohol s (such as for 5 exanple sorbitol, hexitol, sucrose,
starch, star d0ydd20y sSEA08s , T5080), ulobgetrahyetdfulaos éfon yekaoiples ROBTHF® from

hydr oxyfunctio ised fats and ojls, 18§ riicul C r. ol an
all nodi f%ocatﬁ"ggkpﬁuﬁlaﬁﬁ?@ RV} it ¥ %lyyflgr @ﬁéﬂ%i né@g%llg@i&%lls‘ﬁw iSrQO 2800),
polytetrahydrofuran amines (BASF product polytetrahydrofuran amine 1700),

polyether thiols, polyacrylate polyols, castor oil, the mono- or diglyceride of



15 100% propyl ene oxide units. They can be random copol yners,

gradi ent copolyners, alternating or block copolyners of ethylene
oxi de and propyl ene oxide. Suitable polyether polyols synthesised
fromrepeating propyl ene oxi de and/ or ethylene oxide units are for

exanpl e the Desmophen(r), Acclaln(pé% Ar col ( Bay cdlé

Bayfill(r), BbFquelﬁ(dPI)d; mpRggHEerdys o ?t(’ﬂyldarfaewa&lm@ér ﬁﬁéﬂ%ﬁl -sdif prgior
B Ma

boarophen(r) HEOEEReR T S G AT 2B bolbsh dlbgtdees

Arcol (r) Pol yohpte®ht 18istal @H SlpsoperlMbRculd! aed (xée)d Rel yein %@ the H-
Arcol (r) Polyol 1070, Baycoll( BD 1110, Bayfill VPPU 078

Baygal (r) Ks3ungmak §ta11@*0&ubstwmey8meas( 915 em&ﬁg the t@lelﬁlké’hif?ttﬁfbﬁcei esters
hono- pol yet hyl.ene oxides are for e Plurio br and

Baer o2 Y SLTERE iR bliiRG €188 o Butlntins® pihibale i a0 ol
Pluriol (r) P Cjﬁb(ﬂf&@!ﬁ shér s BEgirasdt BaldhéstO(BARFXAG)C MGLWRET Srafes (Hobum
ethylene oxi de and propyl ene oxide gég_for exanple t he PIuronlc(r) PE

or Pluri ol (r)OIRF@ebh@}uﬁﬁnfbfﬁnﬁB%ﬁlo atére(Gaghisreutsshland frable% Co. KG)
subst ances can sel.ec t he substance class of 30

pol yester poﬁvg &lﬂﬁh Gﬁ§¥{¢ﬂg;e havi ng a nol ecul ar wei ght Mh
in the range fron1200 to 4500 g/nmol. At |east difunctional polyesters

are used as pol yester polyols. Polyester polyols preferably consi st
of alterndti nylcaluils aamdesakivokahd mnibpsylic aci@ canSeocsed s meoptinciab starter

acid, maleic anhydrid ¢ acid, alic an A , thalic
oo d Toons rammeands e SRind 2t bt s SptmTit: o qafyanol,
t et r ahydr ophtdaghig AR hb19©. 56 yqirbca%bhai bﬁtaﬁ&hXQ{ bEGnOr bk bR,

of the cited aci ds a or anhydrl es for exanple afe used a$ “aci
conponents. Bt bwtmdrcdj 2-5istiy] Priopemedil ol Z-IIIBIIB_A-[SFED}D;&HMI Olpropagyl alcohol,
1, 4-butanediql, 1,5-pentan neop col hexaned] ol ,

1, 4- bi s- ( hyd%owﬁlwf %mpaeg}ﬁdlo%éa%w ﬁpﬁmw ﬁepeg aye% Pmt%wﬁpi/ PEHanol,
glycol, tysi met hydQbipr 2R&NG01 gé-l‘lgﬁarngi , | RERLAGT YRRl hhe aﬁ&lurle ct@lol,

the cite alcoﬂ%{s for exanple are use @% alcoﬂ%’lt cdnponent s

di hydric or pebetimadr i3eoqpaioy,ettheetanphl ylméml aQélydsﬁg}b@hemm,e 3di)dtdnyb1phenyl
conmponent, po ter . her pol yol s ar bt ai ned, that can_|ikew se
serve as st ar"{"él‘ds H}é]es Zr}éifdf?ﬂ@éiﬂg'iﬂﬁ %@dlﬁémmdm dabyspapyridine.

pol yol's. Pol wethek R O%Qlll(ﬁlonaeénglglfbéﬂlcmep{)utﬂﬁ’élgllﬁ@ t%@—%gty%ﬁﬁ lamine,

preferably used to produce t ol yester ether pdlyols onate
pol yol s (suchheaglafnirie, exdinel ezipdingec pyholiding mpeaddije, Qﬁﬂrphﬁlﬂzea)v”ﬂfe faﬂowi:fg
used as H-functional starter substances, in Partlcular t hose havin

mol ecul ar?Oweightbentsed rﬁStlﬂ@lcrﬁan@n@lr iplx sohansthigo d-RipRasethiqly dmEeRase ol

500 2500,
to 1M ?Itfbtﬁél I t Caﬁ:]bfta%r h?&(iagp[ldl erﬁyl {hﬁﬁcﬁﬂl napéslg‘%gﬁ)dlf)y\nng

di met hyl carbona ona e or pheny tar

and/ or pol yf waﬁtha)ﬁ&huaie@lohmhﬁon@ﬁmpﬁbmsdaﬁfox@m Va0lds: @srnPelagll hedtic acid,
pol yol s. Exanpl es of polycarbonate pol yol s can be found for examle
in 20 EP-A 13%%?1710 agideb mﬁﬁeﬁeﬁ(ty)amés gm%ssteraﬂéﬁwéagfémmc acid, oleic acid,

Ma | S bonat e di ol
Such s for AuaaY i G REARRE R S SRRE ten 1) C 2200 1h a

further ensbodi ment of the inventlon polyether carbonat e pol yol s can

be used as ) ) _
Suitable polyhydric alcohols as H-functional starter substances are for example

dihydric alcohols (such as for example ethylene glycol, diethylene glycol, propylene
glycol, dipropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,4-butenediol,
1,4-butynediol, neopentyl glycol, 1,5-pentanediol, methylpentanediols (such as for
30 example 3-methyl-1,5-pentanediol), 1,6-hexanediol; 1,8-octanediol,
1,10-decanediol, 1,12-dodecanediol, bisthydroxymethyl) cyclohexane (such as for
example 1,4-bis(hydroxymethyl) cyclohexane), triethylene glycol, tetracthylene



25 Hfunctional starter substances. In particular, polyether
carbonat e pol yol s obtai nable by the nethqq according to the invention
descri bed here according to step (i) or step (ii) or step (iii) can
be used. To this end these pol yether carbonate pol yols used as

H functional starter substances are produced in advance in a separate
reaction st egglycol, plyethylengrgdygodn dipppiicne glysol inppdencaglgcalseadyrsppienc

i ndi vi dual | .a f at fynct j | t
subst ances.  Ase BByt difteP ndbolbBaBlent Mydle WMRIMARI S & gor
the general fehiiplea trithéthylofprékane CoRkuroOHrlshydroRyddiy] CRooyahSrate, ASBLoil);

from1l to 20, preferablg@an even nunber from2 to 20. anpl es of
al cohol s accdetehygrie elcpbelmisush @b Ifyr exampde pgritasigthejio)ks oplyalcohols (such as for

1, 4-butanedial, 10 1. 6-hexanediol, 1,6 8-octanediol., .1, 10-d nedi
and 1. 15- doaacambl: SrETATRRRED Shme: Madh AP MsmiattS, SFREPE Hhuiose
subst ances angdrARRRAL KydrekHedtionhlideiEhdYdnal AIORADBsticdlaY ¢8O oil), and all
pentaerythritol, reaction products of the al cohol s according to

formul a (11) mwdihcationapodicis b tlesse faboremeningiied alechold withpraoylog tasmophts of
trimethylol pro agﬁ%mjth E- caprol actone, reaction products of glycerol

with E-capr ol AONfhg reaction 15 products of pentaerythritol with

E- caprol actone. Water, diethylene glycol, dipropylene glycol, castor
oil, sorbitol and pol yether polyols synthesised fromrepeating
pol yal kyll@ne Towi Hidunationsl starter sobstaonvey caor dfebabdlsctads frdmeahbe belfstance classadf

starter substances. 2 he H-functional, starter substances are
particul arly Pﬁryeefef&r QB&?’TSO 0 p@FW@Fﬁ%MBﬁd% n%‘g?cé‘g"’t‘e‘ﬁelgmom Rethg aREs
consi sting ofggh Mmbefaez;@do/g?%?l. @@g@g%gﬁ;t%ly%hsvg%hesﬂseé-f%ﬂ%ﬂ&ﬁhglethylene

1, 3- but anedi ol , 1, 4-butane anedi©o

2- et hyl pr opanéde, Sxddiropylemreapén tiyits gk peefbrred, ,pBeflmknleding g pobipettionl s
gl ycol, dipraopyl.ene glycol, glycerol, trinethylolpropane, di- and
trifunctionalt® ﬁ@ﬁ?ﬂe&rﬁale%wg? g}lltWéFé?P{?rmme%@%bbﬁ%%% PrQpOrtas of 3 to
synt hesi sed fik Lz B adE T i r
propylen?goxﬂggﬁggbﬁ18%?231§?n%$T????éfgﬁﬁggﬁgﬁ%§5§?%3§ggﬂgﬁbg@gﬁ%%fm’
propyl ene oxiatternating et fyyéadneopokymies of ehydaley etile anp grypllamepsalier filitaple

have a nunber-average | ecul ar ight Mh in the range from62 to
4500 g/ nol arm%@threaﬁekyggrﬁé'n#‘@w%#mg@ntrspe&ha&@rqnyleﬁsrowct?mnéfor&thylene oxide

mol ecul ar wei i e ®t ®g/ ®a ® ®
30functional#%gg5?9f%?é&gﬁpﬁ?ﬂ%brkgﬂﬁgﬁéo13%%%@? bégﬁgﬁagg“%§|ygﬁ¥ﬁ“’
are produced Hayfleat, abasteals, 2EA™ drahpolfethar polpoli foorh dBayen dabkalb datke AG
oxides to Hfunctional starter substances. "H-functional" wthin the

meani ng 0 t K&XahrifelE isAmPls Hpmranben odOQ¥7 ndesmaphen ndRedY, oeclaier’ Velyel
atoms for al kogy! ALk Porytpl4a641, ARhi™ PSSt RH3LTALSPPHIS 1010, Arcol®

Polyol 1030, Arcol® Polyol 1070, Baycoll® BD 1110, Baytill® VPPU 0789, Baygal®
K55, PET® 1004, Polyether® S180). Further suitable homo-polyethylene oxides are
for example the Pluriol® E brands from BASF SE; suitable homo-polypropylene
25 oxides are for example the Pluriol® P brands from BASF SE; suitable mixed
copolymers of ethylene oxide and propylene oxide are for example the Pluronic® PE

or Pluriol® RPE brands from BASF SE.

The H-functional starter substances can also be selected from the substance class of
30  polyester polyols, in particular those having a molecular weight Mn in the range
from 200 to 4500 g/mol. At least difunctional polyesters are used as polyester

polyols. Polyester polyols preferably consist of alternating acid and alcohol units.



S DMC catal ysts for use in the honopol ymerisation of epoxides are
known in principle fromthe prior art (s%e for exanple US-A 3 404
109, US-A 3 829 505, US-A 3 941 849 and US-A 5 158 922). DMC

catal ysts, which are described for exanple in US 5 470 813, EP-A 700
949, EP-A 743 093, EP-A 761 708, WO-A 10_97/40086, WD-A 98/16310 and
VO A 00/ 47648 uckiaife agidy apgleiki @cnd,a@%a:lm tahygriden crdi proasisl. y Athalica enlaysirige,
epoxt des and Sl 1af, PEOAHELIEN 10l PRIFHARE, BRI Ok o Rhdph O hcia,

cat al yst condentrat i'oNs separa

cat al yst fr ometedmgdfdpRinaie dniydRdeChexabydtepiehald %H?@nﬂ@ﬁﬂﬁﬁxtﬂ&@%‘f&l@é Yited
The highly active DMC catal ysts descr%(bed in EP-A 700 949, which in
addition to @cw@md@rm@ﬂnd%fnm@cml@m@am ag fastd @mppm@BmEfbanedlol

Lor s bat atoly ptegehedi 1 SRRt AR PubRERRE T 2 Rl e BRI Et5eol,
nol ecul ar V\B'l%lheﬁfne@l‘éﬁr 5Qﬁbﬁl()ﬁPdroxﬁﬁ&h?l)t Y Y @athex@xé NP ldethyif®: DMIycol,

catal ysts are obtai ned by 20 (a) inthe tfirst step reacting an

aqueous sol utdipmpytnagiyetlakrimethylolpropenchelyeerok pestasnthuitblosr mixteresnof sie
cyanide salt in e, presence of one or re organic, c | ex |igands, .
For exampie. SHORERERSS FoIPEORG ore pRsd SR he TP erso Behar s ok fobfaric
solid i s sepapffetftr ffoRBId bR M%nﬁb%cﬁﬁgl %bﬂﬁslnén'i 01561#51&%&% NOMbls are

techni ques (such as centrifugation or filtration) wher ei n
opti onal 1§ i mbgaindd thdt salvepk¢\me |ssrofbaisev¢hrmlsublstms:es\d@hm@dmmg tleenpolyether

" esuspenst on AT SELERAEN CERENER P Lo AT BTy i1 LAt [0k} aml ar
centrifugati ¢fdferablydise él%ﬁlcetthg S ggtg%%%g%g is then dried at

t enper at ures of I'n"general 20 to er pressures of
generally 0.1 nbar to nornal pressure (1013 nbar), 3Ooptionally after

being pul verised, ~and wh first st nmediately after
preci pi tati o9 Cafh%lataoq?ms E%PQ@S?%W&@ E@ﬁ@&@rﬁan §é1b‘g§?d°3§‘t1855306?¥ebe
or o € q503RisC GO fiorloh @RS Ror @ﬁ@s&ﬁrgesblm oA §e (Habl! b fiolebular
the double netal cyanide conpound) ast one corrp orm ng
conmponent ar evagldedn ic tiarangefivsels to 450atg/mblk peafeqablySOian rEsng, WhICh are
conponent is selected fromat |east one of the g_ﬂoup consi sting

pol ycar bonat @TRHUGFC %Wém%% Y ESAchDR AESEsBey ety EFBoRpehehyl %mnate
di ol d I t T
o ond, PoL X EATRLRRS B Dt Al hoTie U oTRO  Eo R Ay

wat er - sol ubl eobgetisk pshiotss Eamdpmtoérpogmhﬂbbhz&e petyals cychd fhand dbrt Ganpld in

exanpl e, an aqueous sol ution of zing chloride (preferably in excess
rel ati ve Qo EP-A 1359177. The Desmophen™ C grades from Bayer MatetialScience AG for

example can be used as polycarbonate diols, such as for example Desmophen C

1100 or Desmophen® C 2200.

In a further embodiment of the invention, polyether carbonate polyols can be used as
25  H-functional starter substances. In particular, polyether carbonate polyols obtainable
by the method according to the invention described here according to step (i) or step
(i1} or step (iii) can be used. To this end these polyether carbonate polyols used as

H-functional starter substances are produced in advance in a separate reaction step.

30 The H-functional starter substances generally have a functionality (i.e. number of

active H-atoms for polymerisation per molecule) of 1 to 8, preferably of 2 or 3. The



10 the netal cyanide salt such as for exanple potassium
hexacyanocobal tate) and potassiun1hexacy§ﬂpcobaltate I's m xed, and

t hen di met hoxyet hane (glyne) or tertbutanol (preferably in excess,
relative to zinc hexacyanocobal tate) and pol ycarbonate diol,

pol yet her carbaonate pol yol, polyethylene glycol digl or )

pol y(t et r anettinjpnctiengtstaster gakstancey ae éléﬁﬂe‘?!g?ﬁbmﬁWéd@dﬂé’@é A8 B GHX fuFRef 4t deast

formed. 15 Syjtabl.e tal . sal or._produci ng the doubl e net al
cyani de conptt){‘ﬁvﬁ sf%l}cgeléaasfﬁr%r%%\?{eanf%é general formula (I11), MX)n 20

in which Mis selected fromthe netal cations Zn2+, Fe2+, N 2+, M2+,
Co2+, Sr , Sn2+, Pb2+ and Cu 2+, with Mpreferably being Zn2+, Fe 2+,
Co2+ or Ni 2+ Prxferred bhengtionabsiarter substanijes fiver adernhplsanfitbhgenepal dsrarudb(l), an
ani on sel %ct ed fromthe group 250of halides (i.e. fluoride, chloride,
brom de, i"odide), hydroxide, sulfate, carbonate, cyanate,

thiocyanate, isocyanate, isothiocyapefgsHgaooxyl ate, oxal ate
nitrate; nis 1 if X = sulfate, carbonate or oxalate and nis 2 if X
= hal i de, hydroxi de, carboxylate, cyanate, thiocyanate, isocyanate,

g:g;?;?c%/gpﬁaﬁ é.vol{iF]%]/i)xf IrsaaE %E@%Qr %;)tni;] gt%la% eprer‘:{rgl"[a y asnalt:;[/casn an\é ert E‘gm 2 to 20.
Examples of alcohols according to formula (II) are ethylene glycol, 1,4-butanediol,

10 1,6-hexanediol, 1,8-octanediol, 1,10-decanedicl and 1,12-dodecanediol. Further

preferred H-functional starter substances are neopentyl glycol, trimethylolpropane,

glycerol, pentaerythritol, reaction products of the alcohols according to formula (II)

with e-caprolactone, for example reaction products of trimethylolpropane with

e-caprolactone, reaction products of glycerol with e-caprolactone, and reaction

15  products of pentaerythritol with e-caprolactone. Water, diethylene glycol,
dipropylene glycol, castor oil, sorbitol and polyether polyols synthesised from

repeating polyalkylene oxide units are moreover preferably used as H-functional

starter substances.

20 The H-functional starter substances are particularly preferably one or more
compounds selected from the group consisting of ethylene giycol, propylene glycol,
1,3-propanediol, 1,3-butanediol, 1,4-butanediol, 1,5-pentanediol, 2-methylpropane-
1,3-diol, neopentyl glycol, 1,6-hexanediol, diethylene glycol, dipropylene glycol,
glycerol, trimethylolpropane, di- and trifunctional polyether polyols, wherein the

25  polyether polyol is synthesised from a di- or tri-H-functional starter substance and
propylene oxide or from a di- or tri-H-functional starter substance, propylene oxide
and ethylene oxide. The polyether polyols preferably have a number-average
molecular weight Mn in the range from 62 to 4500 g/mol and a functionality of 2 to
3 and in particular a molecular weight Mn in the range from 62 to 3000 g/mol and a

30 functionality of 2 to 3.



in which Mis selected fromthe netal cations Fe3+, Al13+, Co3+ and
Cr3+, 5 Xis one or nore (i.e. dlfferent)1 ani ons, preferably an anion
sel ected fromthe group of halides (i. Pruori de, chloride, brom de,
i odi de), hydroxide, sulfate, carbonate, cyanate, thiocyanate,

| socyanat e, isothiocyanate, carboxylate, oxalate and nitrate; r is 2
if X = sul fat®he p@éyeﬂmﬁaaréomte pRlaplstae produced by qatalgicdditior of ckon dioxide

hydr oxi de, car l.at e ana y I,SOocyq "

101 sot hi ocyaraf bl praFe e rs R ERRE Sup  BREY S EGeriony gt she
fornula (V), Mﬁng(é@théﬁnﬁé’ﬁt%ﬁ'@ OnddrétSod & Rehe the B RE 20BYAH atoms for
cations M4+, V44 "and Wi+ IS one or nore (i.e. dlfferent) ani ons,
preferably amllmmymosebmbbdulhmémetwegmmpowfd hal i des (i.

fluoride, chloride, brom de, iodide), hydroxide, sulfate, car bonat e,
20cyanat e5 t hi ocyanate, | socyanat e, isothiocyanate, carboxylate,

oxal ate and mhimBLSalysts ﬁ)r udel i the %lﬁo%%@meﬁ@ﬁtmnﬁf &pBLideX k@ o din

sis 4 if X = halide,” hydroxide, carboxylate, cyanate,; thiocyanate,
i socyanat e, |mmipﬂ©ﬁpanﬂteeprmr ari {scatfer e)%mpleélﬂ Aa]bl4@4rﬁ@!9aUSsAl 3 8291408,

t Eg ?rgtn g[ aL at[?%gg %6&:@4)&”@%\(/@% A\Q )ISé @Z%n C cat ysts x%ﬁllcﬁca}ree %CSCI'I ggl for
example in US 5 470 813, EP-A 700 949, EP-A 743 093, EP-A 761 708, WO-A

10 97/40086, WO-A 98/16310 and WO-A 00/47649, have a very high activity in the
homopolymerisation of epoxides and allow the production of polyether polyols at

very low catalyst concentrations (25 ppm or less), so that separation of the catalyst

from the finished product is generally no longer necessary. The highly active DMC

catalysts described in EP-A 700 949, which in addition to a double metal cyanide

15 compound (for example zinc hexacyanocobaltate(Ill)) and an organic complex

ligand (for example tert-butanol) also comprise a polyether having a number-average

molecular weight of over 500 g/mol, are a typical example.

The DMC catalysts are obtained by

20  (a) in the first step reacting an aqueous solution of a metal salt with the aqueous
solution of a metal cyanide salt in the presence of one or more organic complex
ligands, for example an ether or alcohol,

(b) wherein in the second step the solid is separated from the suspension obtained
from (i} by known techniques (such as centrifugation or filtration),

25  (c) wherein optionally in a third step the isolated solid is washed with an agqueous
solution of an organic complex ligand (for example by resuspension and
subsequent renewed isolation by filtration or centrifugation),

(d) wherein the solid obtained is then dried at temperatures of in general 20 to 120°C
and under pressures of generally 0.1 mbar to normal pressure (1013 mbar),

30 optionally after being pulverised,

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

cyanide compound (second step) one or more organic complex ligands, preferably in



- 13 - Xis one or nore (i.e. different) anions, preferably an anion
selected fromthe group of halides (i.e..fluoride, chloride, brom de,
i odi de), hydroxide, sulfate, carbonate, Cyanate, thiocyanate,

i socyanate, isothiocyanate, carboxylate, oxalate and nitrate; t is 3
if X =sulfate, carbonate or oxalate and 5t is 6 if X = halide,

hydr oxi de, caﬂxﬁwﬁeéqt@e t@yh%d@léﬂe maé@yaﬁéq éomp@wl)aaﬁdtaé least one complex-

i sot hi ocyanatg ol n| trate ad of suit.a % net al %t s.are zi
% 181 8iént ares racterlsed 1 iha the complex rmtln component
chl oride, zincC I ZInc 10 Zi'nc ace ZiMmec ac ﬁ

acetonat e, ZziiggelRRew aakeat lédst’l§neﬂd)fttha’gﬁ)u ldoﬁﬂétﬁﬂg) oﬁ&ﬂlﬂcfcﬁﬂﬁnaﬂer@tﬁl( bblyether

10 bromde, iron(ll) chloride, iron(lll) chloride, cobalt(l
chloride, cotsartopatepotyel.qolretyiene ghicekdiol and paiwitesramtithyiens eth@é Kl | 1)
nitrate. xtures of different netal salts can al so be used.

Sui t abl e tal cyanide salts for producing the double netal cyanide

conpounds 15 THeCAQIA® ethay nideec@%ﬁ%aé cofpiéd id Yhd chYaataI té @b he

(A),(VIl) in which 20 Mis selected fromone or nore netal cations of
the group consiciphpeoduttsdWatdr;sofabld meth] salls and WwateGs¢luble)metdr @yadide salts.
Cr(lt)y, ma(ll), Ma(LLL), Tr(ClIL), Ni(Il), RA(IIT), Ru(Cll), V(IV) and
V(V), M preferably being one or nore netal cations of the group

consi sting ofpERkhhbie, §0ahkdohs sbBfibh be zﬁl%(dh dride (BFdfébl 1111'65{(:{%55 lrdla@dio

NE(l), Yis selected fromone or nore netal cations of the group
consi sting ofthalnkeibli cyapidel s6ucheas ot eNatplkt pdRipsiuna hex alykadcobatatgr 4kl
Ca2+, r2+ sel ecte fro one or

metal (i.e. Be2+, 2+ S
nore ani ons d’l"tatsﬁé";%li‘%‘ﬁbya%ﬁ%qa i‘tieﬁﬁnm‘e%ép@@beé‘ imethoxyetigge e) or tert-
chloride, bramife) raei88)in SU PelafiGe t5HhE A Gioy FREAANIHES and ¥ )Bonat
i ocyanat o, & ag EhaPROR) i AT b Rha FREE ?a%,?’ 398
or nitrate, aha, aplyethendaoaste pmlycﬂgpo]smthyﬂeae alycot hleolvczﬂ paEsg(tétomehyline
and c are chosen such t glt t he i )

ether diol) are added to the suspension that is formed.

15
Suitable metal salts for producing the double metal cyanide compounds preferably

have the general formula (I1I),

M(X)n (IIT)
20
in which
M is selected from the metal cations Zn®", Fe**, Ni¥*, Mn®', Co?*, St%*, Sn%*, Pb*"
and Cu2+, with M preferably being Zn2+, Fez+, Co®* or Ni2+,
X is one or more (i.e. different) anions, preferably an anion selected from the group
25  of halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate,
cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;,
nis 1 if X = sulfate, carbonate or oxalate and
n is 2 if X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate,
isothiocyanate or nitrate,
30

or suitable metal salts have the general formula (IV),



30el ectroneutrality of the nmetal cyanide salt is assured; a is
preferably 1, 2, 3 or 4; bis preferably, 4, 5 or 6; c preferably has
the value 0. - 14 - Exanples of suitablé netal cyanide salts are
sodi um hexacyanocobal tate(l11), potassium hexacyanocobaltate(lll),

pot assi um hexacyanoferrate(ll), potassi um hexacyanoferrate(lll),

cal ci um hexacyanocobal tate(l111) and MdRsum hexacyanocobal tate((Y)).
5 Preferred double netal cyani de conpounds that are conprised in the
DMC cat al ysts are conpounds of the general fornula (VIII)

MM X, (CN)y]liaidd ), 10 in which Mis defined as in fornula (l111) to
(VI) and M is defined as in formula %\q+l),3+an X, X',y and z are

i nt egers and Mriesd¢msgbiomdbhimetabeatione Fel et r.drmuandlCity of the doubl e

ret ol cyary doSouROUT okt BBy o BT oo m B oo
Co(I'11), Fe(ldtlnaliabs (il.el. lfhuodile,! EHibride), -bromide, iodide), hydroxide, sulfate, carbonate,
cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;
r is 2 if X = sulfate, carbonate or oxalate and
r is 1 if X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate,

10  isothiocyanate or nitrate,
or suitable metal salts have the general formula (V),

M(X)s V)

15

in which

M is selected from the metal cations M04+, v* and W

X is one or more (i.e. different) anions, preferably an anion selected from the group

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

s is 2 if X = sulfate, carbonate or oxalate and

s 18 4 if X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate,

isothiocyanate or nitrate,
25  or suitable metal salts have the general formula (VI),
M(X), (VD)

in which

30 M is selected from the metal cations Mo®" and W%*



20 Exanpl es of suitable double netal cyani de conpounds a) are zinc
hexacyanocobal tate(l11), zinc hexacyano[ﬁ'gate(lll), zi nc
hexacyanoferrate(lll) and cobalt(Il) hexatyanocobaltate(lll). Further
exanpl es of suitable double netal cyanide conmpounds can be found for
exanple in US 5 158 922 (colum 8, lines 29 25to0 66). Zinc
hexacyanocobak i@ armyre; (& epdiffereat) lagiang, peerablamn gnios selectydh &opy Gamreup

conplex liga ed in.tha p uct ho f the al.alys are

i 56 oned 1o aRBAeT e MibkdePugHE vl fin by Bl Sl Bponate
lines 9 to 6%yandds todfhattORocydiatd, iSatBioePinateSarBoBAdie EAQlatdrd hi BQ;
949, EP-A 761 708, 30 JP 4 145 123, US 5 470 813, EP-A 743 093 and
WO A 97/ 40086)is 3 Hok =csukiats) earbanatesr-oxelatmangd  or gani ¢ conmpounds havi ng

het er oat onrs, ,suc oxy. .~ nitrogen, Rho orus or sul fur, which
Can T orm omt teBs e b B B S R calPORY R, i, Gtbeyittg, ohcyanare,
are used as qggﬁabﬁmg@qphﬁﬁﬂgigands. Preferred organi c conpl ex

| i gands are al cohol s, al dehydes, ketones, ethers, esters, am des,

ureas, nitriles, sulfides and m xtures thereof Particularly preferred
organi c conplex |igands.are aliphatic ethe such as ., . .
i et hoxy et hdmeyPIari 85 el St s ding ciiosbifopde Bloidendng sgidpieine
S 1sopr 0pan0|acet9t‘eb'ifn%n&]egrl I3aBHitaNAhe bRRLoARY LAROhitrateS Iilrohhgt aftfdle, iron(IT)
2-nmet hyl - 3-but'en-2-ol and 2-net hyl - 3- butyn-2-01), compounds

conpri si N§ bdrémalei phan(llp ehlocye] aabri(dhatahtoreiehecobgit@iipschdvrdle, cobalt(II)

al i phati c hydyoxyl groups uch as faqr .ex | e et hyl.ene gl yce
mono ter + - buppoeal, MRl FRHER s R e Mg ot fiferent meta
tripropyl ene (ghysalal ghyl ether and 3-nethyl - 3- oxet anenet hanol ) .
Most highly preferred organic 10 conplex ligands are selected from
one or nore conpounds of the group consisting of di nmethoxyethane,
tert-butanol,, 2-nmethyl-3-buten-2-0l, 2-nmethyl-3-butyn-2-o0l,, ethylene
gl ycol nono- t¥pblg NGl syaete st Br RpdRAngs! xiq@h%wﬁ aygpide \gpppepnds

t he nmeaniig E%Fégﬁhﬂﬁﬁﬁﬂhi Segyﬁ%§®¥g§?§bconplex-forning conponent ('s)

15 fromthe npou ass nate diols, polyether
carbonat e pol yols, polyethylene glycol diols and pol y(tetranethyl ene
ether diol) are used in the production of the DMC catalysts. In_a
preferred embodi ment the fol | owi ng(Yk M&e¥vdd)t he conpl ex- f or m{YgD
conponent : A) poly(tetranethylene ether diol) having a nolar
mass from 500 to 5000 g/ nol,

in which

20 M’ is selected from one or more metal cations of the group consisting of Fe(Il),
Fe(Ill), Co(Il), Co(Ill), Cr(1I), Cr(IIl), Mn(II), Mn(III), Ir(IIT), Ni(Il), Rh(III), Ru(ID),
V(IV) and V(V), M' preferably being one or more metal cations of the group
consisting of Co(II), Co(IlI}, Fe(II), Fe(1I), Cr(IID), Ir(Il1) and Ni(II),

Y is selected from one or more metal cations of the group consisting of alkali metal

25 (ie Li",Na', K, Rb") and alkaline-carth metal (i.c. Be®", Mg**, Ca**, Sr**, Ba*"),

A is selected from one or more anions of the group consisting of halides (i.e.

fluoride, chloride, bromide, 1odide), hydroxide, sulfate, carbonate, cyanate,

thiocyanate, isocyanate, isothiocyanate, carboxylate, azide, oxalate or nitrate, and

a, b and c are integers, wherein the values for a, b and ¢ are chosen such that the
30  electroneutrality of the metal cyanide salt is assured; a is preferably 1,2, 3 or 4; b is

preferably 4, 5 or 6; ¢ preferably has the value (.



20particularly preferably from 550 to 1500 g/ nol, B) polyethyl ene

gl ycol diol having a nolar mass from 500150 2500 g/ nol, particularly
preferably from600 to 1500 g/ nol, C) polyether carbonate polyol
having a nolar nmass from 500 to 5000 g/ nmol, particularly preferably
from 1000 to 3000 g/nol, and/or 25D) polycarbonate diol having a

mol ar nass f riownBls 06 Beblegmetal | cygarde ealisanley sgrivme hexsicyarfocolbal EEORD),
to 3000 g/ nol .  Pol y(tetranmethyl ene her .diols), A wthin,t neani.n
of the i nvenddii RorGUERatbBaRgR-« il eVl Al ToPRep™
glycol, also Héﬂéb’}‘ﬁn@férr&@(}ﬁﬁ' yt edalcalhy dr théieﬁ;gar(dggtﬁfatéﬂm) ~and  lithium
pol yoxybutyl ene gl ycol. These pol y(tetramet hyl ene ether diols) have a
hydr oxyl fundekasyahdaopalgdtelilo, i.e. they conprise two OH groups per
nol ecul e. _They can be produced for exanple by cationic polynerisation
of - 16 2 tetrahydrofuran (THF) with the aid of catalysts. Either
preformed catigbiahbs dgitte Used c?@ﬁi@e é&nﬁ&hﬁE Vit Gre nprfd€d ﬁ%@lmbsqa?ﬂ}?sts
produced in situ in the reaction m xture. This is done by producing
oxoni um i ons arqicdriypoundaof thergenedl formuiat(WIli)he aid of strong Lew s
acids (e.g. boron trichloride, alum niumchloride, tin tetrachloride,
antinmony 5 pentachloride, iron(ll1) chloride or phosphorus

pent afl uoride) or by nmeans of stro 0 t acids (such as
perchloric acid, tetrafl uoroboric gg’l‘d, qulémg]ésul foni ¢ acid, (VID,
chl or osulyfgoni ¢ aci d, hexachl orostannic acid, iodic acid or

hexachl oroanti noni c(V) acid) and with the aid of reactive conpounds
known as pr onpterch ¥ssdbfinsl aslik forerua @H) wdy]) sdg. et hyl ene oxi de,

propyl ene oxide, .epichl araqhydri r butyl ene oxide, 10 oxetanes,
orthoesters, Igc‘éfjﬁﬁ_‘fd 3&-%3?%5%%%@?‘@, benzyl halides, triarylnethyl
hal i des, acid ghhonidese in‘tc{:g%?é AliERe KAER QA thét RE Q%@tﬁbr&ﬁ%&alit&\?ﬁ%&ou&e

chl ori de, phosphorus oxychloride or sulfonic acid halides),

oxoni um i ons metaltdyabide pahpowrd isassuor. of the THF. 15 In pilot-scale
producti on PTHF can be produced in a single stage by THF

pol yrrerisla?tion with water, 1,4-butanediol or with

| ow nol ecul arBS}y\ﬁjeﬁ:lf'&%]nc THF as a tel ogen (chain term nation reagent) on
acid catal ysts. Bot 'onogeneous systens, dissolved in the reaction
system and hetdrdgengcus§and ze.2,|l argel y undi ssol ved, systens are
known as catalysts. The relatijvely )I%ﬁ THF conversions that are 20

achi eved aboM (1D e(hl COUL} ordid PTHF of nol ecul ar wei ght 650
to 3000 are disa ; In | arge-scal e production
oS s WP or STy,

t wo- st age net rformed, in which for exanple
THF is fiaost polynerised to pol ytetrahydrofuran esters in the
presence of fluorosulfonic acid and then hydrolysed to PTHF. Hi gher .
THF conver si dRemples yeliappifablenideyla vinetal ¢ RYanideor pergpounds a) are  zinc

hexacyanocobaltate(IIl), zinc hexacyanoiridate(IlI), zinc hexacyanoferrate(Ill) and
cobalt(Il) hexacyanocobaltate(Ill). Further examples of suitable double metal
cyanide compounds can be found for example in US 5 158 922 (column 8, lines 29

25  to 66). Zinc hexacyanocobaltate(III) is particularly preferably used.

The organic complex ligands added in the production of the DMC catalysts are
disclosed for example in US 5 158 922 (see in particular column 6, lines 9 to 65),
US 3404 109, US 3829 505, US 3 941 849, EP-A 700949, EP-A 761 708,
30 JP 4145123, US 5470813, EP-A 743 093 and WO-A 97/40086). For example,
water-soluble, organic compounds having heteroatoms, such as oxygen, nitrogen,

phosphorus or sulfur, which can form complexes with the double metal cyanide



25 polynerisation than with single-stage nethods. THF pol yneri sation
in the presence of carboxylic anhydrides,_.such as for exanple acetic
anhydride, in the presence of acid cataF%gfs to form PTHF di acet at es
and subsequent interesterification of the PTHF diacetates with for
exanpl e nethanol to form PTHF and nethyl acetate is advantageous
above all. Sueompovhdstase ﬂ%ﬁdy&ﬁr%g&%ﬂ@nalﬁé hcgmel’tquﬂdyorgmac caiyplex lfgends

30 exanple from S er .the tr ena or..fro

NV STA” under™tt FIBOR S SRS Kel e ahises Feers Aer, gy apjdce fuhides and
gl ycol diols Biktittd thefeot QBN ereRirel fbegdnw&ﬁﬁp@ﬂ 1i35iRIsRPe )ﬂ?ﬁlﬁﬁ& ethers
pol yol s based on an H-functional” starter Substance having two active

H atons for dbkabixypb ailmthoamdhm),ewawresnblblﬁ( |athathheICthiduquﬂomsoethanol

mmansof 5 noXBRRNR OHGIRY PaR R e R B gl RS ey
with catal ystgg j—ﬁ\éihg/l AGufs-2-50r caAFSRIE c@tﬂ?{pﬁné hbfhl 4 hﬁl@or E}Ldi‘oallghatic

tetrachl oride, zinc dichloride) or basic conpounds su as al I nc

or al kyl al umtlt\airbgrmapmmmmﬂmatlsﬂrydrw{whgmmps ¢aobi asnfoa:ew{bmph’x ethylemi glyend
am de, cal cium am de al koxi de, al kali, or. al kali ne-ear

hydr oxi des, anR¥hEIERUEE gherp ﬁéersl&fl%{"teeglywrme@@am@t&lr hers é'aprpaylﬁm glycol

end as catal r gl 04 _ § had i@l 19F?‘Qf?‘re@ Lene.
gl ycol, diet hy%ene ycoe;ij a]m;@)r’c”opfltf‘lgloi ° 5‘?3? é‘l?p)ropyppr%ﬁy ygol )61%-
propanedilol , chngpldxuliganes i selebteﬁ-ﬂbmhmedlrmhqre Eohpbuidsrnfdhe broup consisting
neopent yl egcoI 1,5- pentanediol, nethylpentane diols (such as faor

exanpl e 3- metHy fimethoxysthense firbpytan RiE ugn-2-9l, g2 ‘6‘&?’5 Epyn-2-0
) dqf 130% bytanol, @-misthyhédhugn-2-¢l, g2 lé)ﬂﬁd]i’ 2-ol,
1, 10-

(such as for SivlenkdfpiHREEINETBY ol A ALBILIR: Mk exane

triethylene gI ycol , tetraethyl ene glycol, polyethylene gl ycoI

di propyl ene ycol ., tripropylene glycol, polypropylene gl ycol ,

di but yl ene gﬁ'yébm BE iR {hecRECHiopcie roRomx e ex-famiyag QOmBOnaES)
H f unct i gnal r r C h

oy e A AUORE BB Ol g LA SRR U SN0

described in mgfedtylleriengfyosl diMping polgUbeindliylenc ctheMdibigdad Gl in the
or gani schen Chemi e", Volune 14/2, l\/al cronol ekul are Stoffe, 4th

Edi ti on, 196Prognctigpgt ﬂs@M%Lﬂdw Ve g prefemecharnkasiiment the frllomdegisrised as
Chenmi e", Vol EHEEE @8‘&%]“& gng#iséﬂ.lngre Stoffe, 4th Edition, 1987, p.

1367- 1368 an ymer Sci ence and Engi neering",

Vol ume 6, 2"d EditgodftetrhfBhyldde eBbdidBlhad il 2dbtaz Bthss 26mPooye 5hen g/mol,
carbonate polyols C wthin the neani ng of the invention are
¢

obt ai nabl2® for exaepiclasly prefesablst fremr5Sade il 900 HMod kyI ene oxi des and

carbon di oxi de resence of, function star S

For exanpl o by BhaoherNAGRCRTEY Gtial eiREHb e s 300 Sb T S4B gymor
carbonat e pol yol s fahidh$RH #6fetdb8y £OMY00Xo i $00E /M) 30 corrponent can

al so be produced by other nmethods known to the person skilled in the

art, for exanpl €) mOl)pﬁdTetrlcatbOaBT@quYq}s‘laS’lr@fa pimlgfcmﬁtsoﬁameﬁﬁbtcyé@@ gindl,
di- or tri- functi %F[h%llar dprrg e}/abfyoggm%rbga to ;&ﬁ) Qmo , angﬁ)¥ carbonat e

pol yol s C) used ad
25 D) polycarbonate diol having a molar mass from 500 to 5000 g/mol, particularly

preferably from 1000 to 3000 g/mol.

Poly(tetramethylene ether diols) A) within the meaning of the invention are
polyether polyols based on tetramethylene ether glycol, also known as
30  polytetrahydrofuran (PTHF) or polyoxybutylene glycol. These poly(tetramethylene
ether diols) have a hydroxyl functionality of two, i.e. they comprise two OH groups

per molecule. They can be produced for example by cationic polymerisation of



- 18 - conpl ex-form ng conponent preferably have an average hydroxyl
functionality of 1 to 6, particularly prq%erably 2 to 3, nost highly
preferably two. Pol ycarbonate diols D) within the nmeaning of the
invention are obtainable for 5 exanple by pol ycondensati on of

di finctional hydroxy conpounds (generally bishydroxy conpounds such
as al kanedi oltstrdwdmfgrphg&HIFé Withi %ﬁ atsheibentlysta diidher prefarmer catal ysts ash uses

for exanpl e pghosgene..or bi sl chlorocarbaonyl o .CO unds. (for . ex | e
of the Tor miTSrs Gragis o BOAHPERs 2eitea il el ane Bag dy Bhvdparis &
(such as di phpnylbycpfoaaaat @xehiuti BHshvl the aehaoatRddioh wiBahe YRt BPESong
for producing 10 pol ycarbonates are generally well known and are

descri bed i n Igwtisatids fe.§.drorex smhllerideHalybenivneghloridés tinddwarhitarde, antimony
or gani schen Chem e",. Val u E20, . Makr onol ekul are .Stoffe, .4t h Edition

1087 b PaaPriReRoraty o G EdE P PORRIO SR RS koY R of ot
Vol une A21, Sibn,&eid iy (sddPgs p&chl\g/giz 'agﬂi?ie‘;l';ﬁﬂgald%[iﬁﬂé’ |a€i@?ﬁhe§’_r8glfélfoni<:5 acid,

Pol ymer Science and Engi nheering", Vol une , 2'd Edition, p
648-718. Al i phitrosulfooicyaad,bivaxatcldomshsichmid, ngdia annl ar herasldofoanimbRig(V)

to 5000 g/ nol, . post highly. preferably fro 000 to 3000 g/ nol, are
par t1 cul ar 1y d5icbRaR bty e ShoF PS8 o Galiaan S E P et Hlkviene
non-vi ci nal ¢j;94e3 Q.?h;ﬁﬂ@ér{so&iw&,tﬂog*lglﬁ% bxigi@r gﬁ@ﬁi%?ohglglgﬁldfyﬂutylene oxide,

car bonat e, di oxol an eg, phosgerne, loroformc a esters or

ur ea (seeldf oroxetaany loeth&fioks, 28&alf/@-halodert ttherd demayritaiidey, tritylivtediryd haljdes,
Sui tabl e non- 20vicinal diols are in particu]ar 1,4-butanedjol,
neopentyl gl sl ¢ @Psi%eﬁﬂ%ﬁﬁwo|°?rb21<y1}fe1aMﬂ§?s- thisrvhrdigrile, phosphorus

3-net hyl -1, 5- j - 6k i Qi 1S B : : eati
cthor. 1, 7. heRTRBAREb Ok fobicunERANRE) AnicH b (Y SEBRENEIM istjor of
nonanedi ol , XhdUH#ecanedi ol , 1, 4-bi s-hydroxynet hyl cycl ohexane,

di et hyl ene glycol, triethylene glycol, tetraethylene glycol,

di propyl ene glycol, tripropylene glycol, 25 tetrapropyl ene glycol,

al koxyl atq-on {pr o o] ' ' y i.de_and/. p l.en

oxi de and orIPe?@%ﬁ%%Po%ﬁggﬁha%?ﬂﬁﬁzﬁgg %gggggﬁ%g-Togléggeg%%%yﬁ? THF

preferably 2G1ytaéisgliomivithandter, N 4-auitedid e svithiewoinoReuldi-@kizht PTHE s a
are obtai nabl e by reduci ng both carboxyl groups of_dimer acids, which
in turn can Belog# fghavyteppirglipp reagant) of asid gafalystar Bolddhapepengmiisesystems,
fatty acids. N- Vil di o an_he | ndi. yi Y. Oof

m Xt ures. Thémggg@ ighh%gg °89%£¥§?§%éﬁgb§g%§%%§g%g"¥a%§§@'oﬁ%@§P§F¢

conpounds i n syfilemBBarB knoWID W daulyshe TIRS sQmtively 16@ATHR édiReidns that 3fb
- The nunber-average nol ecul ar wei ght (al so known as nol ar nass) was
cal cul at 68 f rashicvere aleosiseall etesyniicsie e Pitifeel mologalay avcight 668 do 3000 are

producti on of,.t he catal ysts the sol.utiong of the t a
Pt Ce o Cuifaiiefe Ryt A RULSGHE PR TuRlsded® o s ppe
50 mol % el rédtnihentE patfomyaNi dewsht forl BxMMAlIET TMBT HS figd pRAGErickd to
nolar ratio of nmetal salt to netal cyanide salt of 2.25 to 1.00) and

of the metal Reydefrahydediman eetery.in Hist prssenoeehidscreyrdfeoisaised anskthyn hydgolysed
(e o tort buthriohy ™t HISWE T SERarults parwinty 2-SabgonafohiscBRBY PLTel
the doubl® MBloRIm&¥anbsthan with single-stage methods. THF polymerisation in the presence
of carboxylic anhydrides, such as for example acetic anhydride, in the presence of

acid catalysts to form PTHF diacetates and subsequent interesterification of the

PTHF diacetates with for example methanol to form PTHF and methyl acetate is

advantageous above all. Such polytetrahydrofurans are commercially available, for

30  example from BASF SE under the trade name PolyTHF® or from INVISTA under

the trade name Terathane®.



10 conmpound (e.g. zinc hexacyanocobaltate), water, excess netal salt

and the organic conplex ligand. The OFg@T?Q conpl ex |ligand can be
present in the aqueous solution of the netal salt and/or of the netal
cyanide salt, or it is added directly to the suspension obtai ned
after precipitation of the doubl e netal cyanide conmpound. It has
proved advantBlysidencoghyesl dioks Byuwdis themeangigs obfhe Hwepiqry pres pplyether
and the met f'ilpoli'(l)?s 8#?'0%% Sﬁll-lgungtri]cgnaE Qteart?rr gﬁ)@.{aﬁcé: H%;ll%)t(w{) LIRS for
vi gorous stirring. hi'n™t he meani ng o € lnvention the suspension

formed in thelkdxyitiotHld &5 ethyRie toxeR) atheVrbcdion! &Fagich ke cthylene oxide
conpl ex-form ng conponent. The conpl ex-form ng conponent is o
preferably u eitlier aliols xaenerellwitakies \phace rbyamgatsy gfaring-oponng erlyniegiastion @f
preferred nmethod for .performng.the first step. (i..e. production.of .
Phe susperter cibv Bl daRboRid Babbinh o B o o BiRie st iffprice
preferably usimgtaciigtiddi SReHRAlorAS) S 85di¢ REMpbEnddGRueh Q/aB888%he or alkyl
| sol ation of the solid (i.e. the precursor of the catal yst "accordi ng

to the i nventalgninidm qentpjosndyy srentim norbgaldnmwearbervitti apleism anidh, ealcium
centrifugation .qr filtratiaon, takes 25place jin the secon tep..ln a
or of er r o4 entigubrElex ey 1kh of BT RofahAegL oREes AP aGh ah phRoyTes
third processgstepmpi bt RBd AAHHROHR RQhilysRNAUihi R AEBBNEch@ T &Xmple
ligand (e.g. by resuspension and subsequent renewed isol ation by

filtratidf oretigderter ighwght diethylen®aglyrcols giroftlene3 @lwet odigarpylgme odliycols 1,3-
such as potassium chloyride for. exanple c e renoved fromthe

catal yst in tmmarﬁéwla b Rszmeuint %mBﬁeﬁ%fﬁ&cqc% pRsdiel; gsﬁﬂfnfym elyeal, 1.5-
agueous washi Lt ' d M 5% '
al'ative o tRaRelibh ulny prhf SRt 8 A5 Byl Cmalhy M 5 fentancdiol,
conpl ex-f or mingthexmpdiognt , prBedearebicy, i n tHO-damgelidet weeln] Ddsdeaatbdiol,

w.% relative to the c |l ete solution, is particularly preferabl
added to the baﬁb%ewgﬂ' ngySReERICoRSUCH Bhdot h‘??ﬁa@Piﬁt elp%(-b@(lwdrcgcymei’hyl)

nor eover @adv t Q. h I id tm .
first vvas%i nggglgggﬁ%@ 13211%&?{?121&%6%1 § lgo?é&ttedlggﬁgg? téggogn at urt@t%ér% él?aﬂ’
al cohol i s usHgropeensvglybolngigrepydencplydodspsyeosylar gncbl sdibswbue gtycol and
renewed isolation by filtration or centrifugatio in order to

remove wat er -ROSYUbIIEes 8lSAId ry exmaRie df sused st ﬁé@a%tsqnalmsz@ﬁ%rs%%ance-

for exanple fy, c : di I aventi Qo hn 0
amount of undAeedt Sy BRBLEL FRARCHIS. pBikhnd RERE Sl ® ik person
particul arly shiletiefmlthey abtetndene 4Rksaitdd 8 detally in dbrakkateple 0"Hdudben-Weyl,
conpl ete solution of the first washing step. In the further washing

steps (c-2) éYletheden Her prgagischoss kbergicst ¥plune ége dYlagonrickylargsiate, 4"
(Lo o ool e, St 00 UFRLY o, AME e
al cohol Volume E20, Makromolekulare Stoffe, 4™ Edition, 1987, p. 1367-1368 and
"Encyclopedia of Polymer Science and Engineering", Volume 6, 2™ Edition, 1987,
p. 225-230 and 234-254.
25
Polyether carbonate polyols C} within the meaning of the invention are obtainable
for example by catalytic reaction of alkylene oxides and carbon dioxide in the
presence of H-functional starter substances, for example by the method according to
the invention. The polyether carbonate polyols C) used as the complex-forming
30 component can also be produced by other methods known to the person skilled in
the art, for example by partial alcoholysis of polycarbonate polyols with di- or tri-
functional hydroxy compounds. The polyether carbonate polyols C) used as the



15 and at | east one conpl ex-form ng conponent (preferably in the
range between 0.5 and 5 w.% relative to,the total anount of washing
solution of step (c-2)), is used as the washing solution and the
solid is washed with it one or nore tines, preferably one to three
tinmes. 20 The isolated and optionally washed solid is then dried at

t enper at ur es @Mplgx-famaiggonadnes HeFEbinbaveriaaversee Sydrosy fgnctionality of 1

generally O. ar_.t ornmal -pressyre Q nbar)..after being
ou veri sed. | 10R BrirarRLhTertsa 16 or ot dndly RERHINE cat al vst s
according to the invention fromthe suspension by filtration, filter

cake washing and drying is described in WO-A 2501/80994. The
pol yet her carlisdyrattonpisl giolss Do bwdhinathieempaningof the lodension crdi abtpinable Her

i nvention _have a | ow copntent of.sec ary. praoducts and can be .
bt 0cessed nt tHEURIUTY FOBTEEnSTinn i PTG apal oy EORC A pegersly bis-
and/ or polyi Sl'gﬁi/cﬁ(f}*atcgﬁpbﬁld‘so"smlpc&yHlkﬁﬁé?ﬁ(ﬂ?sor ihspR@kdIs)C Wil carbonic acid
pol yur et hane fl exible Toans. Pol yet her carbonate polyols based on an

H 30f unct i on&rivstiasst exchconfwuerdnipiy phepgand un bis{ drarocarpomflorgt] deemstinds
are preferably used for_polyurethan plicatiaons,  The | yet her ..
car bonat e pol(égl?‘ ea?%ﬁ'ﬁl%“‘ﬂ‘;ﬂat é&=-?ﬁﬁ'ciﬁﬁé’tc%9)“§gbd£aqoﬁﬁ’ ?%‘E dipsters

i nvention cangfdyr IhBEIIREE RS APkt BhAONS: 46 MMBMUEHH b
cl eani ng age&S dfﬁorsnuf)at o%s,orgi?‘??ﬂjng Ilf:m%g %iﬁ adg}Attﬁlees, iﬁgﬁ? cﬁ%
and non-iléni podymitact@nbs, gdnatally oeail lnovpr acless detreied &b dethdin fapawmpte
textiles production or_ cosnetic formulations. The person skilled in
the art is amii%élk?rh&{e,yhded\éﬁtﬁwﬁ@ ot ¢ RESEARENETDf &Eﬁ‘i‘iﬂFoati GHume he £20,
pol yet her car 0 4b d {_ G i i ali
D opert 1 es. QL O Y e Bt T ¥ o S s TR o
pol ydi sper si tof, Ifdusicial ofRémisyry'gndobmayszlgxyt Fditica, L, pr.od0T2i Hnand
of the polyurethane f|exible foans the reaction conponents are 10

reacted by t hEngyshepediaceldydymer saencksadeEngdeedng”s A h> e cRdifipal988,
equi pnment, . s oftenusead c i [ eTTo M gols i

000. Det allsl S pgfétd'g?] &gég@? H%%egﬂ?%a#én ageteﬁg)gé I'S gcr)n @éﬁ?@%ﬁegbglcﬁg %gﬁ)
to the inventd/mol, anest hadly bledaablp fiKund 0680 of foltagalvlicdre p¥alculely \Aréferably
edited by Vieweg and Hochtlen, Car|-HanserVerl|lag, Minich 1993, for
exanpl e on paed Thnge pee gewraliphebtawed diom napignaldioh dymsagioanyits gyl
be produced d f e i.hle
foanms are usgcgr%#{eéglglrlr{%[ %‘mljﬁl%#?j rdﬁ%arngﬁ%p H?ﬁgg Igﬁ[’ ?/)Esraﬁfégorfli)%%;ér? fb’glyess fers o
mattresses, aféa @At exh@pid B3 B2 Fnandesd SocuiiRangeted dndei). ISuakble abn-

el ements. - 22 - Exanples ) ) _
20  vicinal diols are in particular 1,4-butanediol, neopentyl glycol, 1,5-pentanediol, 2-

methyl-1,5-pentanediol, 3-methyl-1,5-pentanediol, [,6-hexanediol,  bis-(6-
hydroxyhexyl) ether, 1,7-heptanediol, 1,8-octanediol, 2-methyl-1,8-octanediol, 1,9-
nonanediol, 1,10-decanediol, 1,4-bis-hydroxymethyl cyclohexane, diethylene glycol,
triethylene glycol, tetraethylene glycol, dipropylene glycol, tripropylene glycol,
25  tetrapropylene glycol, alkoxylation products of diols with ethylene oxide and/or
propylene oxide and/or tetrahydrofuran with molar masses up to 1000 g/mol,
preferably 200-700 g/mol, and in rarer cases the dimer diols, which are obtainable by
reducing both carboxyl groups of dimer acids, which in turn can be obtained by
dimerisation of unsaturated vegetable fatty acids. The non-vicinal diols can be used
30 individually or in mixtures. The reaction can be catalysed by bases or transition

metal compounds in the manner known to the person skilled in the art.



The OH val ue (hydroxyl value) was determined by reference to DI N
53240-2, but using pyridine in place of yF/di chl oronet hane as the
solvent. Titration was 5 perfornmed with 075 nolar ethanolic KOH (end
poi nt detection by potentionetry). Castor oil with a certified CH
val ue was used as the test substance. The statenent of the unit in

"mg/ g" rel at ddhetmnphfE@phgg eddopbr renigld dalvo fraoen po Iy maghevas calculated
proportion of.in orp or at ed th | ti ng pol yet her carbonate
pol yol and 1&%@19 F%mSIi’taﬁ%m%{?Q%ﬁfEWate to pol yet her carbonate
pol yol was determ ned by 11-1-NWR (Bruker, DPX 400, 400 MHz; pul se
program zg30, waiting time dl : 10 s, 64 scans). Each sanpl e was

di ssol ved i n Iné¢hr produgobncdfl tbe EMCmatalises the lagu@ns solet omsaricths matal kit VR

relative to TMS = are as, foll ows |ccrbo e (fornmed as
L Secondary Ataiese St dinadioneg e tines i uinbon e peulie iy mé

from carbon ‘i‘(y&ﬁ‘iﬁ@'?alt Ny %ﬁﬁ?%fr@sdat'lgas% Q‘?ncﬂﬁlj b B?Ene?eﬁ Q@?@hﬁta‘?%éﬁ@&e salt

(resonances a , unreacted PO with resonance at
ppm pol yet heaf 2028 fool. OO) ami oﬁvﬂtelmaﬂal cymmidepsaltaegd poasshan mMad@c)obm]ltatth)

resonances at 1.2 to 0 pp the 1, 8-octanol incorporated,as
starter nol ec@ff @rwr@hﬁfarqa%@@dan@@ BifsoRcE of gh hey organig, Remplgx Tligan ﬁo@e%r tert-

fraction of the, }Bgt fst Et@ Hﬂ{n taes%s foﬂ%oﬁ%h%igégrthé @o@i‘ﬁqeﬁf‘%e{nﬁ’&

m xture is calcu In acc anc ormu

wi t h the 100l lcoitippgndpdhg. wnahemya@eob@tat@,adater excdsé i)l saltammdahebrgahi
resonance at 4.5 ppmfor cyclic carbonate écorres ponds to an 25H
atom) F(5. 1- #opwlex ligagd. B prganicconpiarclizand can be presenddmthorqusens wivtion

car bonat e pol a F
the resonancd ae GBI wabGiTbE Mo G’ SuiRE BARAAIS hofa BBk e
t he resonanceaugiendioR obtathedpiftef precipithtys dfahe polblO©meB0 Efahide confpduné It has

area of the resonance at 1.6 to 1.52 ppmfor 1,8-octanediol (starter)
_ 23 - Taki ngraxedcidvantagequ do mak Ahe gauqons splationseal theraetabsajthand he metal

bonded, c3sDONGL Rl Sk AL EAARNE Gk ) b Wi GSHT A U e

converte usi ng
meaning of the invention the suspension formed in the first step is then treated with

at least one complex-forming component. The complex-forming component is
preferably used in a mixture with water and organic complex ligand. A preferred
method for performing the first step (i.e. production of the suspension) takes place
20 using a mixing nozzle, particularly preferably using a jet disperser as described in

WO-A 01/39883.

Isolation of the solid (i.e. the precursor of the catalyst according to the invention)
from the suspension by known techniques, such as centrifugation or filtration, takes

25  place in the second step.

In a preferred embodiment variant the isolated solid is then washed in a third process
step with an aqueous solution of the organic complex ligand (e.g. by resuspension
and subsequent renewed isolation by filtration or centrifugation). Water-soluble
30  secondary products such as potassium chloride for example can be removed from the
catalyst in this way. The amount of organic complex ligand in the aqueous washing

solution is preferably between 40 and 80 wt.%, relative to the complete solution. At



F(5.1- 4.8)- F(4.5) 5LC-* 100 (IX) F(5.1- 4.8) + F(2.4) + 0.33 *
F(1.2 -1.0) + 0.25 * F(1.6-1.52) The per gent age by weight (in w.%
of pol ymer-bonded carbonate (LC ) in the Teaction mxture was
calculated in accordance with forrmula (X 10LC- [ F(5.1- 4.8) -
F(4.5)]*102 *100% X) in which the value for N ("denom nator™ N) i

cal cul at ed i Acast ene e@zﬁﬁlémﬁpmng@mwaer(w?ferq@w& therrangg betwegn 0. S'and 5

0 55 = F(1. 6 oot 45 Cotefte, oo Prlaledy Brafreflioaad § me

the ol ar rraSaaI@@u@fwa@m coratiad inwhs shirlstgd 9/ nol ) and of propyl ene
oxi de (nolar nmass 58 g/rml) the factor 58 results fromthe nolar
mass of propyl ene oxide and the factor 146 results fromthe nol ar

ft t di b I ght
(nue. 09 ot To5crPleoter kBRAPEA Iy "R p st B MR Lo R S
cal cul at Ed i @va@;ﬁi@@r dan g8 1M anhad Ry IsBlutidh | of ﬁ@%rﬁhmraté@?alcoﬁ@p% Kbdd) for

in which the valué for Nis calculated in accordance with fornul a
(X1). - 24 -warhingaleulbat @smmllmmnpoémbmuwél:anw@ isolatioa ipoffijtrgion or

t t h | yol th d f
Che starter dRIBIBHPEnE’ EdOatINg PhESEEPFat ORILy cpOtiaR W o
pl ace under sSNBCHEME FdrARampa foRO% &ah®yst GBERARB LS tH@hIWéhtlon The

synt hesi sed fromthe starter, propyl ene oxi de and carbon di oxid
during tHé Smmonf \oﬁtunsatusit@bslmhkh ny tlpd aqeequa virhiny eslghoe 1sfpa@®21arly

and during co risatio ronthe val ues of the conpositio
The react | on BRSHITRCR e AB RO, Hore GRLYS (i STBCene ioacth B frs
m xture (i K| e TAPAE SRKGS ng 1B INRRG! B ﬂrspmkﬁﬁ step is
oxi de opti one\l’ﬁe : %r ee ent) were el ?VQ m na e§ﬁ§$ccg | cul ati on. g step
per cent age byepﬂateghcbneo{)r h‘mee ¢imndsp patferablypamt fonthremiites,i or pi’uﬁerably a non-
pol yet her carbonate f) ﬁva
aqueous solu tlon suc as for example a mixture or solution of unsaturated alcohol
15 and at least one complex-forming component (preferably in the range between 0.5
and 5 wt.%, relative to the total amount of washing solution of step (c-2)), 1s used as
the washing solution and the solid is washed with it one or more times, preferably

one to three times.

20  The isolated and optionally washed solid is then dried at temperatures of in general
20 to 100°C and under pressures of generally 0.1 mbar to normal pressure (1013

mbar) after being pulverised.

A preferred method for isolating the DMC catalysts according to the invention from

the suspension by filtration, filter cake washing and drying is described in WO-A
25 01/80994.

The polyether carbonate polyols obtainable by the method according to the invention

have a low content of secondary products and can be processed without difficulty, in

particular by reaction with di- and/or polyisocyanates to form polyurethanes, in

particular polyurethane flexible foams. Polyether carbonate polyols based on an H-
30 functional starter compound having a functionality of at least 2 are preferably used

for polyurethane applications. The polyether carbonate polyols obtainable by the



10 converted into a percentage by wei ght of carbon dioxide using the
factor F=441(44+58). The statenent of chICIQ content in the

pol yet her carbonate polyol ("incorporate see the foll ow ng
exanpl es and Table 1) is normalised to the proportion of polyether
carbonate pol yol nolecule formed in the copol ymerisation and
optional |y i nngthed a@tordmg tothesinsgrdionrean Hurt emb@umd la@pp{wat@ns SR as
proportion of ther ca at oly ting from
Pher ot ar tor (esBRge Serars Sam Tpoueiis PUEE Btk fudl Bl Pigplc"Ma
W th epoxi denowhbsil s\ﬁﬁ‘a’ctﬁggngﬂaﬂ%r pQQ%sz EIRG G tpaPéSor t\é@tﬁeéﬂﬁﬁoductlon
taken into consideration here). Conplex-form ng conponent used

K-1: dif unct iooreasmeted Sopmolayibeselhgl pecsein dkaladnig the mtbllaawmsthatoﬂelx@d@lg on
g/ nol K—2 # %tetré H Ieneheth?r di ol ), havin q nDIar ss of :B
g/ mol K- 37 pcS ‘%// tHy e AR S}%‘blt 8i ROLYSRES | SAEPoRalfop Ay Oliet 0’6‘65"9?%
K-4: pol ycar henahenfliotal fc}%aﬂesa fRhaks 185 $xh 1%0%1&41@ wegﬁﬁe@s%uy,
1, 6- hexanedi ol as difunctional "hydroxy conpouﬂ

pol ycar bonat @otlididpetsétyj fogctanabtyeemdima hydoky2G0e. g/ m)l based on a

m xture of 71.4 parts by weight of 1, 4-butanedi ol and 28.6 parts by
wei ght of 1,6- hexanedi ol as difunctional hydroxy conmpounds K-6:

trlfunctlonal |
o ol and o b HYGIdeh GRfBARGYGeMahy Hextiy I & WP ALUTH 2B Bbnciltd dre
copol ynerios atreazsedofy %mmgh@f‘steg@mmoddmm E0Re, 'Rh‘tﬁ:rﬁnlrﬂfrchmsﬂ elqmpln’[mt is

nunber - aver age nol ecul ar wei g cal cul ated fromthe exgﬁrlnental
det er mi ned ORTigAused. such 3s5is deg@ﬁé @efiatr@éﬁnwaﬁw -Soty: 008a Dstajls of prpcesping

The catalyst ApRIpdHEes: USbnguAibienpasalyS %9@»@@1&0? Sl

WO- A 01/ 39883. olution o Zin Ior

di still ed watkamsaadf- Haﬁdlglcbj Vohiilie V@I,lteanad bwasleweg abd dettlai, GOCHaMea
| oop reactor conpr|5|n et disperser accordlna to Fig. 2 fromWD A
01/ 39883 wi t I¥alagoManichi Hif8t &y eamplangn pages|1aP ite #oef Thepefygethane flexible

pot assi um:he I
a2 ety OREGRARLS Ry 5 ey s
di spersi on f ardiddviBSexdalle in furniture upholstery, fabric inlays, mattresses, car seats, head

rests, arm rests, sponges and structural elements.



10circul ated for 60 mn at 50C, with a pressure drop in the jet

di sperser of 2.5 bar. Then a m xture con '%sti ng of 5.7 g of
tert-butanol, 159 g of distilled water and 27.6 g of conpl ex-form ng
conponent K-1 was added and the dispersion was then circul ated for 80
mn at 50C, with a pressure drop in the jet disperser of 2.5 bar. 230
g of the di sdeamples obt ai ned were filtered in a pressure nutsche with
a filter 15 surface area of 20 crn3 and then washed with a m xture
consisting of 82 g of tertbutanol, 42.3 g of distilled water and 1.7
g of conpl ex-firOHNGIGOMRARRRE viind) wid8ecrtvRsned b irbfeRhcE BKBINGS240-2, but
mechani cal |y pressed between two strips of filter paper and then
dried for 2 hisig pp@linederplh¢eglef vEIEE/ drohinrompibamx as ¢heFobeent. Titration was

bsolute). 20 | e. 2. _Cat.al yst Cat - tal yst duced
R i R e S I
of 258 g of ztRkrehlwikd 88ertifc®OH Ja108 wib 8idd dsqrk et Lbstand. T8O stdteRient of
50C in a loop reactor conprising a

tert- butanol was circul ated at
j et di sper serthawwbindinngg2%ldtes teinge KOH Y gjpoly@hér @idde88®Iwll h a bore
(diameter 0.7 mm. A solution of 26 g of potassi um hexacyanocobaltate
(0.078 nol) in 332 g of distilled water was added. The pressure drop
inthe jet di : di ks

ci'roul at ed 1ot g0 R LoT Bt Eydmiilteq EO% i BERSEHAP cLBLRE o680l and
di sper seriOof tRe bativasf pldpetera carbonatectoquigitistricathonite polyol) wak determined by

tert-butanol, 159 g of distilled water and 27.6 g 30 of _
conpl ex- f or mi FgN f DB 4009 MEE: alge progradn gpilh syaltingpge dhe kO s,

circulated foj g&g?r m£§2%9&1%é&6ésgd%1$&?%g§%r Futl 2B icﬂlogg'ﬁnjn?t he relevant

di sperser of 2. i spersion obtalned were
filtered i n acypnesssie HNMRlaivieho aMS Ht0gipnuiré acfellawea of 20 cnB
and then washed with a m xture consisting of 82 g of terthutanol,
42.3 g of di $¥Fliq ebopate (forned as 7 sgcandayoprpriest) resPRANRR) 2t frpRiventariusate

The wash fi n4.C sedhe i.p

i1 ter pager "angng iy BT ANe HoohahER i IR biERe| Marthii RSk

approx. 0. 05 (hasndnaésal 1t &) 4.35np ueredcteCRTIWE redoRbnGg at 2.4 ppm, polyether
polyol (i.e. without incorporated carbon dioxide) with resonances at 1.2 to 1.0 ppm,

the 1,8-octanol incorporated as the starter molecule with a resonance at 1.6 to

1.52 ppm.
20
The molar fraction of the carbonate incorporated in the polymer in the reaction
mixture is calculated in accordance with formula (XI) as follows, with the following
abbreviations being used:
F(4.5) = area of the resonance at 4.5 ppm for cyclic carbonate (corresponds to an
25 H atom)

F(5.1-4.8) = area of the resonance at 5.1-4.8 ppm for polyether carbonate polyol and
an H atom for cyclic carbonate
F(2.4) = area of the resonance at 2.4 ppm for free, unreacted PO
F(1.2-1.0) = area of the resonance at 1.2-1.0 ppm for polyether polyol
30 F(1.6-1.52) = area of the resonance at 1.6 to 1.52 ppm for 1,8-octanediol (starter)



The catal yst was produced using an apparatus according to Fig. 4 from
WO- A 01/39883. 10 A solution of 258 g of ,zinc chloride in 937 g of
distilled water and 135 g of tertbutanol “was circulated at 50Cin a

| oop reactor conprising a jet disperser according to Fig. 2 fromWO A
01/39883 with a bore (dianeter 0.7 mm. A solution of 26 g of )
pot assi um hexayenscownl aldhe relgiETBtamsities.i the Febmyeristbaailed caberptohtlaear

was added. The,press in the jet di Sper.sel  vwas 5 bar, The

G sper's: on 1 GPRRERALCS LR edob HixlnElwihe FARISRET it Fuolescas il oppnid (00
pressure dropeidw:t he jet disperser of 2.5 bar. Then a m xture
consisting of 5.7 g of tert-butanol, 159 g of distilled water and
27.6 g of conpl ex-form ng conponent K-3 was added and the di spersion
was then circulated for 80 mn at ressure drop in the
jet di spemser of ;g5 _bar 230 g nf?g&: 4\(%) Q;‘aé'cs?nn abt ai npdp\/\grmo (IX)
filtered in a pressulés.hud.8chBMHD.33 (il Q6 G2 FRES -8k of 20
crn3 and then washed with a m xture consisting of 82 g of

tertbutanol, 42.3 g of distilled vvater and 1.7 g of conplex-formng

conponent K- T f r I V.
bet ween two s he &c%}??# ﬁ’f le lﬁ r and y\%ze‘%%éﬂ c?%?gd Cﬂ%hﬁ&? @6’8 in the
under high vaeawwmlxmp@wwcal&lﬁéd hedcchribhe witle formab Eyanpl e 4:

Catal yst Cat-4 The catal yst was produced using an apparatus according
to Fig. 4 fromW> A 01/39883. A solution of 258 g of zinc chloride in

937 g of distilled water apd 135, )gf (;1 utanol was circul ated at
50C in a lboop reactor ¢arp s¢o0%ccording 30 to Fi ¢gx)
2 fromWDO A 01/39883 with a bore (divanmeter 0.7 mm). A solution of 26

g of potassi um hexacyanocobaltate (0.078 nmol) in 332 g of distilled

wat er was added. The pressure drop in the jet disperser was 2.5 bar.

The di spersi A WRicHEBEHe Wagud RRNN ("dédomingtoic W)aiseealtdltite® GnMmidiorfan&) Gith
wWith a pressure drop in the jet disperser of 2.5 bar. Then a m xture

consi sting offoBndagXBf tert-butanol, 159 g of distilled water and

27.6 g of conpl ex-form ng conponent K-4 was added and the di spersion

was then circulated for 80 min at 50C, with a pressure drop in the

j et di spassernefF(21-54.HalF(4.5)] %102 + F(4.5) %102 + F(2.4) * 58 -+ 0.33* F(1.2 ~1.0) # 58 + 0.25 * F(1.6 — 1.52) * 146

(XI)

The factor 102 results from the sum of the molar masses of CO; (molar mass
20 44 g/mol) and of propylene oxide (molar mass 58 g/mol), the factor 58 results from
the molar mass of propylene oxide and the factor 146 results from the molar mass of

the starter 1,8-octanediol used.

The percentage by weight (in wt.%) of cyclic carbonate (CC') in the reaction mixture

25  was calculated in accordance with formula (XII)

CC'=

F(4.5]3] #1021 o X1

in which the value for N is calculated in accordance with formula (XI).



5 230 g of the dispersion obtained were filtered in a pressure
nutsche with a filter surface area of 20 Enﬁ and then washed with a

m xture consi sting of 82 g of tertbutané?,'42.3 g of distilled water
and 1.7 g of conplex-form ng conponent K-4. The washed filter cake
was mechanically pressed between two strips of filter paper and then
dried for 2 HatraleolgteyHgecorhpagitionatalaiiveato dgppelymep coBipbagnt (consisting of
(absolute). 10 anpl X tal yst .Cat-5_The.cat al yst, was .produced .
eing an- appaPbETETBeBer il o BlngeRieq o v Rel Frunay B S feine
of 258 g of zh&gctRhtion kdps taﬁin%gﬂa& WRldedCOL el EnNBLRY, aAd Pol¥SBedcafbonate
ten- 15 butanol was circulated at 50Cin a |oop reactor conprising a

j et di sper serpodstorydihegisedofrFingthe 2taften prof®lohe@riEO88I3cankarhdiaxide dering the
(dianeter 0.7 . A solution. of 26 of pot ium hexacyanocobal t at

(0. 078 o) ritEssnER Hrlifsdn el aiesslie dcbn Shd AETHY BaRirangy®
in the jet dipRRr&Erva@S of %@%ﬁ?ﬁgﬂﬁmg'o?pﬁésfeg&ic;nofrﬂ%réﬁ"atﬁetﬁ?ﬁ%olymer

circulated for 60 mn at 50C, a pressure drop Inthe je

di sperser of c@n§ithents of Ceheactenniniettured(i.e.ocysiis tproyylafk Grbbngteodnd unreacted
tert-butanol, 159 g of distil]ed water and.27.6 ﬁ)é’Of (‘:Jﬁ)npl e;tlg-forrri n&y
conponent K- PrORMenkR¥ade apitpreli PErsside Merostinpiated fyrralgulationa { g pergent
mn at 50C, i P i et dj .

o e oy, BenPBEBRHEALSHAAP rdpfatdiCun B! in R AR M Yartiomite At yol A7

a filter 19ur fcaneersxdedntof a 2ferceBagendyt heiphtash edrbont dioxida xwinpethe factor

consi sting of_ 82 of tert- 25 butanol, 42.3 g of distilled water and

1.7 g of corrd%é%l(g‘bﬂ%)nﬁh% gaisawahet Rl35¢04'ﬁ%m9\¥gslﬁéhe peivetber eaRenajgpolyol
hani cal | i it .

oot or o PUFSEASUPERoL MR Bh0LRD Blnble gt ARED MAhAN o

(absol ute). pragmptien 6f pCtiky sSirbéigite Poly0] Mbkecakt lyisd iR qpoBeedation
usi ng an apparatus according to Fig. 4 fromW>A 01/39883. -28 - A
sol ution of 2898 aptigrally incthe getyvatign sfeps o thegpresenge 8f CQ2dHe.Whe pFopgHEpn of

135 g of t.er I (g t ' 0 0 .
conpri si nltg5 atp]%ge IS %%grgg%trg P2 cz)r%d)?nél?et rcé@ﬁa.é I}rf%? lrtﬁc))emﬁil/{g%i(f éi Cé@]gg@l) and
with a bore (feinanké etacllod ofmthe AtfiRl WiittoBp®Mide) 6whichfwohdRdi utider CO,-free
hexacyanocobal tate (0.078 nol) in 332 g of distilled water was added.
5 The pressurcenditigps, iwas gibtaker ingh epnsidseatiopdisre). 5 bar. The di spersion
formed was then circulated for 60 mn at 50C, with a pressure drop in
the jet disperser of 2.5 bar. Then a m xture consisting of 5.7 g of

tert - but anol ,Cohpfed forinifl sdrhpdied: wRier and 27.6 g of conpl ex-form ng
conponent K-6 was added and the dispersion was then circul ated for 80

mn at 508 Jrthdidunstienawob/paemenerlxcbhdveng dinghe mepss 061009, gmphr .
K-2: poly(tetramethylene ether diol) having a molar mass of 650 g/mol
K-3: polyethylene glycol diol having a molar mass of 1000 g/mol
K-4: polycarbonate diol having a molar mass of 2000 g/mol, based on 1,6-
hexanediol as difunctional hydroxy compound
25  K-5: polycarbonate diol having a molar mass of 2000 g/mol, based on a mixture of
71.4 parts by weight of 1,4-butanediol and 28.6 parts by weight of 1,6~
hexanediol as difunctional hydroxy compounds
K-6: trifunctional polyether carbonate polyol having a molar mass of 3000 g/mol and
a CO; content of 14 wt.%, obtained by DMC-catalysed copolymerisation of
30 propylene oxide and CO;
The molar mass is the number-average molecular weight, calculated from the

experimentally determined OH value.



10 230 g of the dispersion obtained were filtered in a pressure
nutsche with a filter surface area of 202§n8 and then washed with a
m xture consisting of 82 g of tenbutanol[”42.3 g of distilled water
and 1.7 g of conplex-form ng conponent K-6. The washed filter cake
was nechani cal ly pressed between two strips of filter paper and then
dried for 2 h at 60C under high vacuum at approx. 0.05 bar

(absol ute). CGener.al inst.ructj.o f roduci ng a pol yet her
car bonat e poﬂ@%ﬂ".‘pqi&%c?fﬂp%?mdﬁl Qapﬂﬁi@&%ﬁ@m yst selected fromone of
Cat-1 to Cat fhe( ef8ystaRhe plodusdi uSihg nOhpyfhkdted adooBdifgttanagdi 8l from WO-A

(starter) were placed in a 1-litre pressure reactor with gas netering
devi ce. The rl8&9888. was heated to 130C and rendered inert by repeated

20 i zat i .of ni .t ) b b

o eDner e e it bRl AR o370 MRS RSN o g

tines. 25 g QfuRbPRMs SRGIAXL S650°BGh MB6 S rdalibf ea#%%% 2@ dis?@rsa%e&@{ng
Co2, i.e. 0 bar CO2. e s t he

at 130C in the absence of , . e. art o
reacti on was teVigl@roen WH-4 01 88Pp&F withadopealkanittat & paidr). #nsbliyoneof 26 g of

pressure drop to the startin ressur prox, 1 r)., After the
first pressuP@aitigp E@iaaya&mﬂ%@%z@ @317%@3 T ap ke el i
n qui ckly, agRBed@Ritibh M aRARDaIbABeri s § SARCIR AR REAIARE wds then
pressure drop. ter pressurising e reactor wth 5 ar CO2, 50 g
of PO weri@ neirevlettdi for §Qimikl at, 50PE€swithi angressuradiopnpehajairdisppesak ofi2 Serar.
a waiting ti [tinme 1]. Beyond this {ine of the tenperature peak_the
overal | pr esgj}eé AIIXEHR consitingof égrﬂj%HEft&W%oi,.IS?ﬁ@%ﬂ%@ga weatar gnd Ra6 g
react or was n | 39 pr dy;
tho. above. pr edorri iAol I BincEn R L RS Whled ARy e CaSHSA Nad then
circulated for 80 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.
230 g of the dispersion obtained were filtered in a pressure nutsche with a filter
15  surface area of 20 cm’ and then washed with a mixture consisting of 82 g of tert-
butanol, 42.3 g of distilled water and 1.7 g of complex-forming component K-1. The
washed filter cake was mechanically pressed between two strips of filter paper and

then dried for 2 h at 60°C under high vacuum at approx. 0.05 bar (absolute).

20 Example 2: Catalyst Cat-2
The catalyst was produced using an apparatus according to Fig. 4 from WO-A
(1/39883.
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 in a loop reactor comprising a jet disperser according
25  to Fig. 2 from WO-A 01/39883 with a bore (diameter 0.7 mm). A solution of 26 g of
potassium hexacyanocobaltate (0.078 mol) in 332 g of distilled water was added.
The pressure drop in the jet disperser was 2.5 bar. The dispersion formed was then
circulated for 60 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.
Then a mixture consisting of 5.7 g of fert-butanol, 159 g of distilled water and 27.6 g
30  of complex-forming component K-2 was added and the dispersion was then

circulated for 80 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.



Fol |l owi ng activation the remaining propyl ene oxide (435 g) was punped
into the reactor continuously at a rate Qf approx. 1.8 g/mn, whil st
the tenperature was -29 - reduced to 105C in increnents of 5C every
five minutes. On conpletion of the PO addition stirring (1500 rpm
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Example 3: Catalyst Cat-3
The catalyst was produced using an apparatus according to Fig. 4 from WO-A
01/39883.

10 A solution of 258 g of zinc chloride in 937 g of distilled water and 135 g of fert-
butanol was circulated at 50°C in a loop reactor comprising a jet disperser according
to Fig. 2 from WO-A 01/39883 with a bore (diameter 0.7 mm). A solution of 26 g of
potassium hexacyanocobaltate (0.078 mol) in 332 g of distilled water was added.
The pressure drop in the jet disperser was 2.5 bar. The dispersion formed was then

15  circulated for 60 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.
Then a mixture consisting of 5.7 g of tert-butanol, 159 g of distilled water and 27.6 g
of complex-forming component K-3 was added and the dispersion was then
circulated for 80 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.

230 g of the dispersion obtained were filtered in a pressure nutsche with a filter

20  surface area of 20 cm® and then washed with a mixture consisting of 82 g of tert-
butanol, 42.3 g of distilled water and 1.7 g of complex-forming component K-3. The
washed filter cake was mechanically pressed between two strips of filter paper and

then dried for 2 h at 60°C under high vacuum at approx. 0.05 bar (absolute).

25  Example 4: Catalyst Cat-4
The catalyst was produced using an apparatus according to Fig. 4 from WO-A
01/39883.
A solution of 258 g of zinc chloride in 937 g of distilled water and 135 g of fert-
butanol was circulated at 50°C in a loop reactor comprising a jet disperser according
30 to Fig. 2 from WO-A 01/39883 with a bore (diameter 0.7 mm). A solution of 26 g of
potassium hexacyanocobaltate (0.078 mol) in 332 g of distilled water was added.

The pressure drop in the jet disperser was 2.5 bar. The dispersion formed was then
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circulated for 60 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.
Then a mixture consisting of 5.7 g of fert-butanol, 159 g of distilled water and 27.6 g
of complex-forming component K-4 was added and the dispersion was then
circulated for 80 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.

230 g of the dispersion obtained were filtered in a pressure nutsche with a filter
surface area of 20 cm® and then washed with a mixture consisting of 82 g of rert-
butanol, 42.3 g of distilled water and 1.7 g of complex-forming component K-4. The
washed filter cake was mechanically pressed between two strips of filter paper and

then dried for 2 h at 60°C under high vacuum at approx. 0.05 bar (absolute).

Example 5: Catalyst Cat-5

The catalyst was produced using an apparatus according to Fig. 4 from WO-A
01/39883.

A solution of 258 g of zinc chloride in 937 g of distilled water and 135 g of fert-
butanol was circulated at 50°C in a loop reactor comprising a jet disperser according
to Fig. 2 from WO-A 01/39883 with a bore (diameter 0.7 mm). A solution of 26 g of
potassium hexacyanocobaltate (0.078 mol) in 332 g of distilled water was added.
The pressure drop in the jet disperser was 2.5 bar. The dispersion formed was then
circulated for 60 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.
Then a mixture consisting of 5.7 g of fert-butanol, 159 g of distilled water and 27.6 g
of complex-forming component K-5 was added and the dispersion was then
circulated for 80 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.

230 g of the dispersion obtained were filtered in a pressure nutsche with a filter
surface area of 20 cm® and then washed with a mixture consisting of 82 g of tert-
butanol, 42.3 g of distilled water and 1.7 g of complex-forming component K-5. The
washed filter cake was mechanically pressed between two strips of filter paper and

then dried for 2 h at 60°C under high vacuum at approx. 0.05 bar (absolute).

Example 6: Catalyst Cat-6
The catalyst was produced using an apparatus according to Fig. 4 from WO-A
(1/39883.
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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 in a loop reactor comprising a jet disperser according
to Fig. 2 from WO-A 01/39883 with a bore (diameter 0.7 mm). A solution of 26 g of
potassium hexacyanocobaltate (0.078 mol) in 332 g of distilled water was added.
The pressure drop in the jet disperser was 2.5 bar. The dispersion formed was then
circulated for 60 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.
Then a mixture consisting of 5.7 g of tert-butanol, 159 g of distilled water and 27.6 g
of complex-forming component K-6 was added and the dispersion was then
circulated for 80 min at 50°C, with a pressure drop in the jet disperser of 2.5 bar.

230 g of the dispersion obtained were filtered in a pressure nutsche with a filter
surface area of 20 cm® and then washed with a mixture consisting of 82 g of fert-
butanol, 42.3 g of distilled water and 1.7 g of complex-forming component K-6. The
washed filter cake was mechanically pressed between two strips of filter paper and

then dried for 2 h at 60°C under high vacuum at approx. 0.05 bar (absolute).

General instructions for producing a polyether carbonate polyol:

141 mg of dried DMC catalyst selected from one of Cat-1 to Cat-6 (see Table 1) and
51 g of dried 1,8-octanediol (starter) were placed in a 1-litre pressure reactor with
gas metering device. The reactor was heated to 130°C and rendered inert by repeated
pressurization of nitrogen to approx. 5 bar and subsequent pressure release to
approx. 1 bar. This process was performed three times. 25 g of propylene oxide (PO)
were introduced into the reactor at 130°C in the absence of COs, 1.e. 0 bar CO,. The
start of the reaction was evidenced by a temperature peak (hotspot) and by a pressure
drop to the starting pressure (approx. 1 bar). After the first pressure drop 20 g of PO
followed by 19 g of PO were metered in quickly, again resulting each time in a
temperature peak and a pressure drop. After pressurising the reactor with 50 bar
CO», 50 g of PO were metered in quickly, resulting in a temperature peak after a
waiting time [time 1]. Beyond this time of the temperature peak the overall pressure
in the reactor tended to fall. The pressure in the reactor was controlled so that the
pressure was held constant at the above pressure 1 by regular introduction of CO,.
Following activation the remaining propylene oxide (435 g} was pumped into the

reactor continuously at a rate of approx. 1.8 g/min, whilst the temperature was
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reduced to 105°C in increments of 5°C every five minutes. On completion of the PO
addition stirring (1500 rpm) was continued for a further 60 minutes at 105°C and
under the pressure of 50 bar. The composition of the reaction mixture obtained in

each case is shown in Table 1.

It can be seen from Table 1 that in the production of polyether carbonate polyols
from an H-functional starter substance, propylene oxide and carbon dioxide,
selectivity in favour of the linear product is improved if a DMC catalyst is used that
comprises a complex-forming component within the meaning of the present

invention.

Table 1: Results of polyether carbonate polyol production

Ex. Catalyst Time 1 CO, Selectivity OH value
[min] incorporation cyclic/linear [mg KOH/g]
[wt.%]
7* Cat-1 33 19.9 0.21 67.2
8 Cat-2 70 20.2 0.16 67.0
9 Cat-3 90 19.6 0.18 66.5
10 Cat-4 110 20.3 0.13 66.9
11 Cat-5 63 20.2 0.16 65.0
12 Cat-6 31 21.7 0.17 65.0

* = comparative example




5 in the presence of a DMC catal yst, characterised in that the DMC
catal yst conprises at |east one conplex-%grning conponent sel ected
fromthe group consisting of polycarbonaté diol, polyether carbonate
pol yol , polyethylene glycol diol and poly(tetramethyl ene ether diol).
10 2. thhod according to claim1, characterised in that (a) the
H-functional ©laims er substance or a mixture of at |east two

H functional starter substances is prepared, (j3) for activation
purposes a part anount (relative to the total anount of the anmount of
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the al kyl ene oxides used in step (0). 253. Method according to claim1l
or 2, characterised in that the DMC catal yst conprises as the
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nol ar mass from 500 to 5000, ¢ 4. Met hod according to claim
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mass from 500 to 25 thod according to claim1 or

2, characterised (Bn fothadtivatien phMposatapars hmﬁmrrr(rélsta& tashé heal amount of the
conpl ex-form ng conponent pol yet her .carbonate pol havi ng a nol a

mass from 500 to 506910@an allyleng qutilgsoused costens )t e () Rf Pn6r0r2m0re

characterjissed in thaj kytléﬁ% %s‘i@taﬁhé/d% the mixture resulting from step (¢), wherein

this addition of a part amount of alkylene oxide can optionally take place
in the presence of CO,, and wherein the temperature peak (hotspot)
occurring because of the subsequent exothermic chemical reaction and/or
a pressure drop in the reactor is then awaited, and wherein the activation
20 step () can also be performed more than once,
(y) one or more alkylene oxides and carbon dioxide are added to the mixture
resulting from step (8), wherein the alkylene oxides used in step (y) can be

the same as or different from the alkylene oxides used in step (5).

25 3.  Method according to claim 1 or 2, characterised in that the DMC catalyst
comprises as the complex-forming component poly(tetramethylene ether diol)

having a molar mass from 500 to 5000 g/mol.

4. Method according to claim 1 or 2, characterised in that the DMC catalyst
30 comprises as the complex-forming component polyethylene glycol diol having

a molar mass from 500 to 2500 g/mol.



conprises as the conpl ex-form ng conponent pol yet her carbonate pol yol
having a nolar mass from 1000 to 3000 g/ g)/lC 7. Method according to
claiml1 or 2, characterised in that the" catal yst 10conpri ses as
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wherein the DMC ddethpq seeprdivgdioasleinbt e Aechasyctarbed )inithatt the PMG catalyst

step reacting an agueous sqQlution.of .a netal salt wth.the ueous
sol ution of a netcgﬁlpgﬁ?nf’%jgtgélofnpll%'{%m&r 8%3%%@0&%@6&03%“8& polyol
organi ¢ conpl ex |H.gagdsnolePhaeERis00 ksd0teysegond step the solid is
separated fromthe suspension obtained from (i) by known techniques,

20(c) wherein optionally in athird step the isolated solid is washed
with an aguequs | uti on of. an or.ganic c |l ex ligand, (d erein
the 'sol i Jobita; nageriad ARetiod teg S ey Breireeisfd Diniohe HOUG ety
under pressur es Qhnfdriled™ind Qoffbick-Mbilne EAAPARLE Hobfthet Nalifltc! olyol
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| i gands and at | east one conpl ex-form ng conponent are added,
characterised in that the conpl ex-form ng conponent is selected from

at | east one -of thaLeH AN §:2BSHSLkRY 10 0 t: J O,
car bonat e pol7§ol , po yet‘%ﬁleﬁzﬂog?%}%gll (f()irl 21 E%&n%ﬁ%%:éé(lﬁggétaﬁgt%de%ﬁﬁét
et her di db). comprises as the complex-forming component polycarbonate diol having a

molar mass from 500 to 5000 g/mol.

8.  Method according to one of claims 1 to 7, wherein the DMC catalysts used are
obtained by
15 (a) in the first step reacting an aqueous solution of a metal salt with the
aqueous solution of a metal cyanide salt in the presence of one or more
organic complex ligands,
{b) wherein in the second step the solid is separated from the suspension
obtained from (i) by known techniques,
20 {c) wherein optionally in a third step the isolated solid is washed with an
aqueous solution of an organic complex ligand,
(d) wherein the solid obtained is then dried at temperatures of 20 to 120°C
and under pressures of 0.1 mbar to 1013 mbar,
characterised in that in the first step or immediately after precipitation of the
25 double metal cyanide compound (second step) one or more organic complex
ligands and at least one complex-forming component are added, characterised
in that the complex-forming component is selected from at least one of the
group consisting of polycarbonate diol, polyether carbonate polyol,
polyethylene glycol diol and poly(tetramethylene ether diol).
30



