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-1 - Method r i ng pol yet her carbonate polyols Th [ nt
i nvention reV&?ggﬁwﬁﬂgg%ethod for producing polyether C§F%8ﬁ35®SHM3&m
polyols fromone or nore Hfunctional stacter substances, one or nore
al I cyl ene oxides and 5 carbon dioxide, in the presence of at |east
one doubl e netal cyanide (DMC) catal yst, wherein the double netal
cyani de cat aM&ﬁO&;mgB%ljgaﬁgpg!ﬁﬁ%ﬁxﬁa&% gq’tggogﬁfgponent selected from
t he group comnsi X t her carbonate
pol yol , pol yethyl ene glycol diol and poly(tetranethylene ether diol).
10 The production of polyether carbonate polyaols by catal ytic
reaction of an§ BiFseH Yﬁ@%@%éeleféﬁ&a m@él)odatgap@éwaa palvstier earbpnatgpolyols
D o | ARSI hok U AR A LS B G5 CREALL SiTes 1
been under intensive iInvestigation Tor nore than years-(e.'g.” Thoue
et al, Capol yaresi diakideninahe Pastias obapkhd@nadoutip mdtaleymild(DMC) catalyst,
Organonetal i ¢ Conpounds; Di e Makronol ekul are Chemi e 130, 210-220,
1969). 15 Thivheremqide idgnblygneiyl cyanide refalyst covmarisss a complexdapaing gompenent

o o e DoneS
Gonores an olERERR e GRET RS Bine By BERETE Gic) ol hibofbye polypl,
whi ch can al salysthyipnd glgcdi@icnadpolyiesaabhiend oheekanpl e 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

pol yet hey, c I nl u at, bl ocks. of the.

illustr a{oedagl?efggécﬁg g&ﬁ:ﬁ)?l R°§?Qe€?“irn%air% né % é% ﬁ(?lsibl?y £ %lyg‘&%ﬁwgr of alkylene
carbonat e podidds @pbsiides)chndbedrbdrhioXRIBUANEE préleAREhr ARntE 8P HIAREHSLE
bl ocks and the OH functionality of the starter can vary and are not

restricted tYAHGSUPHARESS kBarteryrhivs basme updsr yoensg voimvestigatiom &reméte)than 40

This reacti See s (h) X .1s.ecol ogic very. adyant ous, as
this reacti %mﬁseger'%s@ﬁﬁ‘g%{ ﬁ(lla’ ég%@wg%zﬁgf}f oa%ab OBréQ’fﬁ%u%c‘agﬁgx@ﬁc‘ﬂlth
as CO2 to a Qmhysmstallitheompetnids; D¢ DaNAsRRRAMR ChehR 10, 2101220( 1969).
exanpl e propyl ene carbonate in the case of R = CH3) fornms as a

further Brodtts reaciondwsing arr Befungtienat stadtar goppoahu for exenmpleaist epreSbhted
+ CO, Start - 2n- SActi vati.on. wi fhin, t.he neani ng of the inyention
refers to aéséﬁ%nﬁatfcﬁu?;\ﬁ?éﬁh%nepgﬁ’t maw_%’ﬁh{k SFOQIFY By PEFreicotadisal E‘ﬁfﬁpﬁuﬂgﬂ
optional ly idlk&91 of £5ERGch of whidR cah 21348 hrisE htRfoabdvhs GRhak YS! e:aRthie

then the addition of the al kyl ene oxi de conpound is iInterrupted,
wher ei n owi ¢ 3 Fleteupabigueith exod fdemite ac ndeget,aind védmodin tre @oduct shown

t t buj | d- ] | ead .t t t k (hot spot
o bbser ved " ariEre (i e eShiog Byt Th e oliior catmng pebvel
the reaci onn®f sadkYhRNSooRs O (RN snaRbieanahlcurE&@n ﬂih?ﬂg&gl'ﬁ\éﬁ%{gfg}f }1%?

process step is the tine period fromthe addition to
of the part patisther cefboantecydlyrieottainett e o serphenop trivartet layd ilengtinef the

f h g f th bui |l d-up. Th
et vat ton FP%s abd e OLREREr NG el et dabyey Bdape ber Sriicieddo thic
cat al yst angoBRiHepR&HoMatk 1R 1R %([]B@ﬁ iAlsc iy g?)eﬁhlg ??%?éﬁ%%eesc?&g{: Q{)P_l és

reduced pressure, wherein'this drying step es no par

activati on stepgisilihiveryt hévantemeomy asf thiheeqption adpreienveriid otnveldiéh of a

formati qn of cgﬁ)ol ner s ror&?poxi d?s (e, g pr.opyl ene oxi de) and

car bon 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.
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15 di oxi de h for sonme tine. Thus US 450070 xanl
descri bes thg‘&éggﬁ?@}&%\gati on of carbon di oxi de and préﬁ&&g’ﬁ@’g@%’ag
using DMC catalysts. In this case, for egzanple, 71% of the propyl ene

oxi de was converted in a reactor, starting froma starter substance
and 12.3 g of propyl ene oxide (212 mmol) and under a carbon di oxi de

pressure of 48 r Qé:HﬁF cpn e - 15,
nunol of propy 12&2@1103'{%@, th%?mmm g{) %135' ﬁﬁggﬁ%g trg l(t?)h%g%'Egetepnf(glr gyﬂ}c&l Qpﬁrt
unwant ed secanoartyofptlodenct oxpdeognhgmd captivanky & thelPré&éo@2oBCB2 is added to
concerns the obi;ﬁ&a ‘?%%lpr oviding crystalline multi-nmetal cyanide

catal ysts, wiec yetopst Yy itk aditions ofe tsk iallyiengnexidarepsrpound is

di oxi de. “Us Bupig ERnRRE g o APREHKERGHP ClRRER Mehloal Felildn, o
have a caht eteinpefatyrt dtuéldaip; Mhich gy kad kes tahpahtutepak BOtspbt),%s abserved,

whi ch can conprise as an organi c .conpl ex conmpound_ inter alia )
pol yet her al WEHBFL WIS RIRSSUE: dropyn Mo Tpactan evvEg ©Bfthe presiierpaf aliylene oxide

al conol's. 30/ g ce{%.emeeaafvﬁﬁgrghr&gs\g%{gpi R 18:BY B¥h e Addition

met hod for producing pol er car ate poryol's ers

favourabl e stel the DMCt gatdlyst®f theopart atboniodf atldeneCoxias bomphend, dptiodHgIin
pol yet her carbonate). - 3 - Surprisi ng:q% it was found that tﬁe o
af or ement i on'@8 PEBFRE of SOacthi tae @acusiense pethedemperatyse byildiung The retitatien

car bonat g, po, H t] I rter suhstanc

one or rrg)re %%/}%ﬂ%e %19122)1(1?3%5& Eacr?gp C(E:§¥ 665%%3?56{)?? g}%,DIl%/fr?far%%y%r geoﬁglgnﬂgﬁftge
5 DMC cat al ystirter aheleagtt® tengrehting dhbak rddicedisrdfhfe, Walerdin ENSMyHR step does
catal yst conprises at |east one conpl ex-form ng conponent sel ected

fromthe groif feamparsef thy asivasienytearidhiaths raganing efche prelsent inventiomat e
pol yol , pol yet hyl ene glycol diol and poly(tetranethylene ether diol).
10 A preferred enbodi nent of the invention provides a nethod for

pr oduci ng poi. et.her .cart%onat olyols fromone or nore H-functional

starter subs Ii./i’n @matigy H1,e0 eTS) é’ﬁ@x’gﬂﬁ? &8 BFPYLaPBHdYi &3 gebon

| n the PrseSeAGad0haPbddinb@hby thme GREI ARkATS 3560708 blAlntEARMbes the
sel ecte

catal yst conprises at |east one conplex-form ng conponén
from the grcwpolyowrsisatidnngf cfrbao dicxadchanbpepdient oxidel yetichBMC anhORat &

pol yol, 15 ppl yet hyl.ene gl yc il and pol y(tetranethyl ene et her
diol), wheréf§ ¢35 }f%eexlﬂgﬁﬁag}tli"}e:r?glﬂl%ﬁﬂa‘?ﬁygﬂes%%% 2478 ecopvertedning g Jpasters
at least t : i gn, t C i

optional | ymﬁéﬁéym %r é%?ﬁe%%ﬁt%ﬁsﬁg?'gtfﬁg p(?:o eg%ﬁédgg%ﬁeﬁr remrlrnoo\})ean d
by el evat ed undemperabom dicaidt mressuedot4tibgt efaWschaAls 4t 35°0. 0F the converted

wherei n t he % cat Ir#St is added to the H-f)unctional starter
subst ancd orl Rl G prepveengoxide, 2é aamok (8% DLreasted foothalgenerally apwanted

subst ances Q?‘g&l%?%m@‘j&%{ I%l%@gtiboﬁgtg.) for activation purposes a
relativv

part anount e to't total anount of the anobunt 25 of

al kyl ene oxi des used in steps (13) and (y)) of one or nore al kyl ene
oxides is aqgfd to the mxture resulting fromstep ia), wherein this
addi tion of Y& §4P4273nB3 monegms the ghiseteofopioyisding arystatlingnanltiymetak syanide

place in the e O [ei he ,t enper.at ur .eak :
(hot spot ) oc%ﬁ%ﬁhg%ggcléJ@@%%%éﬁgggg ﬁé%ldees_x h at?ﬂnc&?,ﬁgﬁia{:ea?ald to
react i onzsandéadr toaapipsoved idcciporation RE dafat @bxids. 1I%eB762278 B2 discloses
multi-metal cyanide catalysts which have a content of platelet-like particles of at
least 30 wt.% and which can comprise as an organic complex compound inter alia

polyether alcohols, which form by polyaddition of epoxides to alcohols.

30 An object of the present invention was to provide a method for producing polyether
carbonate polyols that offers a favourable selectivity (i.e. low ratio of cyclic

carbonate to linear polyether carbonate).



30awai t ed, a@g)%ﬁﬂiiog?sé he activation step (13) can al Sgﬁgﬁ%@'ﬂ%ﬁgﬁ&d

nore than oncCe; (7) one or nore al kyl ene oxi des

di oxide are netered continuously into the-m xture resulting fromstep
(j3) ("copolynmerisation"), wherein the al kyl ene oxi des used for the
copol yneri sation can be the sane as or different fromthe al kyl ene
oxides used in step Go. 5 In the activation step (step (13)) a part
anount of al kyl ene oxi de conpound, optionally in the presence of CQO2,
i s added to Sieribivglydatat feind thdteheaforamntignddolfes ibaddipved by a method for

exot herm ¢ chegi cal r i on t enper at ure peak (hotspotﬂ) and/or a
pressure drof°

ac
Peing Pqlxetgro Farpenale, RAIXAY Iy @nse Oh PReati-Biacienah arter
the nethod 1 di J j: e t n

oxi de conpou%ggfég%sé‘ﬁg% Og%ln%?i%ék 0%26)! é(?égn%qrﬁecagﬂgll g@%&’ %ﬁ{gn@%%eﬁée{é %ﬁ/g
cat al yst TanDbEC patabdt, whadacterisedoin tihetr the alddblei nietal &anklecatibist combptiyes at

w th one or lgore netal sal{s. The activation process step is the tine
period from €AY SRAJICOMPEX PTG [RMPeRRnY| Spactesy Tiomn thergrouprowensising of

| kyl i : ' |y, i :
ot apot - Thet S FRRANS hiol B ftr kB SoiSty SR ors Sayebf i 18
dry the DMC jpady@dtiemiethydqid @haaldigl).one or nore additives A) and

optionally one or nore netal salts and optionally the starter by
el evat ed tenperature and/ or reduced pressure, wherein this drying

The. pr esont MRvarEy Eabgfingh it BELRiPrpIER AR ok Mol R Rl

car bon at onscacteonagepelyals| fyorh ®nd S tmber Hifogctitahh grtac adkahog, bae bhenore
invention. The al kylene oxides having 2 to 24 carbon atons are for
exanpl e one BKYlers exidesrand rathonghiorde, ap therspsenercoliyr BMC easnlybts ehanaptesised
et hyl ene oxi;ge I de, 1- ene,oxi de, 2. 3-butene oxide

o oty - 1, 21 5aP RO HLRP cobpBUGSCRE 181 B85 OrBEHHERTR $pigBonen:
2, 3- pent ene selectid, froin e fyplp dordistinb b Pelyearbeite dolBolitiet cAbBRHEPSyol,
oxi de, 1-hexene oxide, 2,3-hexene oxide, 3,4- hexene oxide,

2- et hyl 151, nobustidene givsal diol andrpely(tetramethyleng ether disd).deherginet hy1- 1, 2-
but ene oxi de, 1-heptene oxide, 1-octene oxide, 1-nonene oxide,

1- decene oxide, 1-

() the H-functional starter substance or a mixture of at least two H-functional
starter substances is prepared and optionally water and/or other highly volatile
compounds are removed by elevated temperature and/or reduced pressure

20 ("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,

(B) for activation purposes a part amount (relative to the total amount of the amount

25 of alkylene oxides used in steps (B) and (y)) of one or more alkylene oxides is
added to the mixture resulting from step (o)), 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

30 awaited, and wherein the activation step (B) can also be performed more than

once,



undecene oXi %261‘39@%3%”6 oxi de, 4-methyl -1, 2- pent ene 9&&&5’2012/063899
but adi ene 30 nbNoOXi de; 1 soprene nonoxi de, cycl opent ene 0Xi de,

cycl ohexene oxi de, cycl oheptene oxi de, e¥yel ooctene oxide, styrene
oxi de, mnethyl styrene oxi de, pinene oxide, nono- or poly-epoxidised
fats as nono-, di- and triglycerides, epoxidised - 5 - fatty acids,
Cl- C24 est er ) 0hneBOMott SIRFIch@bkie®thdlSarbSPHRIR REOXMARY cOhHRIHAY into
and derivativeés of glycidol such as for exanple nethyl glycidyl
ether, ethyl gl theindixturetrbssiting frethstem §Xy(" caployanatishtiat hewhereainl the alkylene
gl ycidyl ether, gl.ycidyl t hacryl ate and eppxy-functional.
al koxysi | anes s?f%ﬂgsagseﬁoff’ggl}?aﬁ‘?ﬂo TERUY B@’{)g?yﬁrw asgor different from the
trimet hoxysi | angyRn@byiabshydeaXy peppy) triethoxysilane,
3-gl yci dyl oxypropyl tripropoxysilane, 3-glycidyloxypropyl nethyl
di mret hoxysi | ane, 3-gl yci dyl oxypropyl ethyl diethoxysilane,
3-gl yci dyl oxypr.opyl .triisopropoxysjlane. Ethylene oxi de and/or
propyl ene oxﬁ’gét,‘yiaﬁn%’topi EtEP a@teﬁrmlaeﬁ%"tog{? t ofr @ﬁ(‘ﬁﬁi@? P8t yorwannd,
as all cyl ene j o I e : i i

oftindRy irl ﬂle?&@sen&e It CY Igiaamabtatﬁﬁe bggf; Bétat WhiErelh QlRiTRo o

for the al koXylation can be used as a suitable uncti onal start
subst ance. Agtbseiegr exqrbeinsvi chgmaad iremtichat derepdramurd peakalaspotatndior a
are for exanple -OH, -NH2 (primary amnes), -NH (.secondary am nes),
-SH and - COPPIESSRE KreRoAp éhéj rgﬁ‘%% Bgeﬁ‘ﬁfdprl’éftgl? raé‘fév%?dl stepy Hethggmethod

particul g | YaRb&H r aﬁB‘?H f
consi sting o? Er)rlglfrlltgBr {%ﬁmpgagﬁ%lr?}g I%Irtf:o 0 s@;%@éﬁéﬁ?eg%&?gwcg{ ath
pol yval ent tdungprise camionanat additives A) hhditel BMlitbtsalydtycdn b ynieed e4ith,one or

pol yet her pol yol s, ..pol yester, polyo]s, polyester ether polyols, =
pol yet her ca‘?%’&?ns@gb?ﬂ |ad %}%JAYBH B (95| reres mefpd | saksr Bash aetigtion

it i, 20" ou, iepR (He SRy At e oK B Uy T R of B
T-5000 or comesparfdilkgeps odidet soripormiBASFonaliycin #8 frodenexdMLE®,, to the

pol yet her agﬂ1 ne D230, D40Q, D200, T403, 15000), polytetrahydrofurans
(for exahpl 95PPLTHIY AgtivaHemsiERAN generlly der precesed iyl 2 steb tg e (g DMC

250, 0508, 100y 100050114000 180, 2000)5) RAIKKEMIRINAL B1HERT, AT OfS

(BASF product polytetra rof uran am ne

pol yacryl at eandaipfiohslly thesstarter biylelevated te@perat@é a6d/gF wdaEddgreure, wherein
ricinoleic agjd, nonoglycerides of fatty acids, chem cally nodified
nono-, di- éﬁﬁ/%?mgrsﬁf@a ‘i‘@érﬂio&&nbpaff af the agtivation siep withinohe mgaring of the
fatty acid %ﬁ&&ﬁ?' v .io(hh on average conprise at |east 2 OH groups per
nol ecul e, are usercﬁ1 or éxanple as the Hfunctional starter substance.
By way afp exanple, the Cl-C24 alkyl fatty acid esters, 30 which on
average conprise at least 2 OH groups per nol ecul e, are comrerci al

product s suchikylene axidasdep@adesh baying 2(BAYrcan®N ativias gian gedaryliybadssl for
(Hobum - 6 icals ve | {1 rades . ( Cognj
Deut schl and t@rf%ﬁ%c&g% Oﬁ%'g g’ﬁ\gﬁgg@%}%ﬁ %%)Sﬁ(ﬁgfgg OE"Lﬁ%%(lfg‘G&g;B fb 24 carbon
Al cohol s, anitdiSaretfbt SlaSnAOOnE & MBeYdonfpodRdIeleRd Rfin UREH oS consisting of
monof unctional starter .
ethylene oxide, propylene oxide, 1-butene oxide, 2,3-butene oxide, 2-methyl-1,2-
25  propene oxide (isobutene oxide), 1-pentene oxide, 2,3-pentene oxide, 2-methyl-1,2-
butene oxide, 3-methyl-1,2-butene oxide, 1-hexene oxide, 2,3-hexene oxide, 3,4-
hexene oxide, 2-methyl-1,2-pentene oxide, 4-methyl-1,2-pentene oxide, 2-ethyl-1,2-
butene oxide, 1-heptene oxide, 1-octene oxide, 1-nonene oxide, 1-decene oxide, 1-
undecene oxide, 1-dodecene oxide, 4-methyl-1,2-pentene oxide, butadiene
30 monoxide, isoprene monoxide, cyclopentene oxide, cyclohexene oxide,

cycloheptene oxide, cyclooctene oxide, styrene oxide, methylstyrene oxide, pinene

oxide, mono- or poly-epoxidised fats as mono-, di- and triglycerides, epoxidised



5 ‘tonpounds. “T(k)ni?{s?@o gg ng can be used as nonofuncti °”§?g@h§%§ﬂ’ﬁé3899

met hanol , et hand ropanol , 2-propanol, 1-butanol,

tert-butanol, 3-buten- 1 -ol, 3-butyn- 15-0l, 2-nethyl-3-buten-2-ol,
2-met hyl - 3- butyn-2-o0l, propagyl alcohol, 2-nethyl-2-propanol,
1-tert-butoxy-2-propanol, 1-pentanol, 2-pentanol, 3-pentanol,

1- hexanol , X C A RRObE edohERLA PRy lc?dsgﬁgfﬁglfb‘i’éhydﬁhpgl%ﬁlﬂﬂlmd

2f;
1-octanol, 10 2-octanol, 3-octanol, 4-octano
2- hydr oxybi pleimaktive3 of gtircadoy snpthanybr edarhyid rmoetiyli gliyeidyl ether, ethyl glycidyl
2- hydr oxypyri din - hydr.o ridine, 4-hydroxypyridjne. Suitable
monof i ni ct i off4FT ?ﬁtﬁ@@lemcéﬁﬁéﬂbaﬁm alivhlveid st glvaiyhgicthacrylate and
pentyl am ne, VA dME]  alklokiHBne@Z Lkdrdi Re, Ry 1Ai N8 1PLiRELLGl
nor phol i ne. ehe foll owm ng canﬁge %se(gj das %ngﬁuné}%ﬂ n%l %t%ﬁégpgl:{)kﬂrﬁﬁyl
et hanet hi ®l , trimgthapaiatdi ol3;glgsigylopgmetsii oltriethdxykilbme, an&tgiyalyloxypropyl
3-nmet hyl - 1-but anet hi,ol , 2-butene-1 -thiol, thiophengl. The follow ng
can be nenti BWé%P%SI%S’ﬁO%@%&E‘%’éWr PB@Midb‘n%?g?@és.ﬂal?e@r3n$IE°1Q¥1PHYPr°Pyl
acetic aci d, {RVORLABL Gilakd. 3. ' Wi ] ;
stearic aci d? %3?# t il(}gSl ac%’g,glg‘f{g?qékg%l ,1qﬁlﬁs%@%@gﬁ:ﬁﬁﬁ?%g?%ﬁecmwor
aci d, benzoipropglene oxadeylin cpaatidudar AdpPient alxide, pod yhsfdirably asedoho latkyisme
H functi onal saar,ter SLSbstances are for exanple dihydric al cohols
(such as forO89eiBISEPdhyl ene gl ycol , diethyl ene gl ycol, propyl ene
gl ycol, ¢jpropylene glycol, 1,3-propanediol, 1,4-butanediol,
1, 4-butenediol, 1,4-butynediol, neopentyl glycol, 1,5-pentanediol,
met hyl pent an@dinpbendsshavingasctivert exanple tBe atkoRylatidn 2apd8tieedds @l suitable
1, 6- hexanedi gl ; 1,8-qctanediol, 25 1,10-decanedi ol ,

1, 12- dodecanBuigrtionalsSATiSr SrbRianRG | Acya EEneR dreings egiveall aigms for the
le 1,4-hi cyCl triethyl |
'? )é? ?ge'? hyl en%kg’f@%{%%%eg%@%%ﬁ'g%?w (}gf}i%l p?%é%gfg%\lygglct?émndary

tripropyl enearginggpl-SHpaid/ PCORPN) evita gdMCald -MHD Weltge prfGtedCMd a0H being
pol ybut yl ene gl,ycoll); trihydric alcohols (such as for exanple

tri met hy}ol Iy prefesred oPne ey mers ehnepopadhsalectesofzgm tiue growp censittiog of

il); 30 tet i for. | : thritol):

ol yal coho <O HouEHC HeBnorR 5o lony Bimies iRy G B, Bortod it

starch hydr Cthios@Ibel&)ls,C@d&@ﬂyoéﬁers,fl?dlyéthétsﬁalﬁ?ddgjﬁﬂly&@ér%lyols, polyester e(tjher
s,

hydr oxyfunctional i sed fats and oi in particular castor oil), an
all - 7 - rhsdydls.caolvsthepr etthenate opolyples epcdfcartematet ipoiwds, apolybabsnates,

with varyin .of a-caprol actone. .The Hfunctlionalg starter
subst ances %ﬁ%@%&%’gm&’l B@?@ °f AR HEOS ﬁﬁ%t{l%lﬁc‘getf RS gp%&fumsman’
pol yet hezo paluyiel 8s for prarhpleulIRR30,hIRq0oMavh.NO0R MRLEE Uasodeei goodh or
in the range from 100 to 4000 g/ nol. Polyether pol yol's synthesised

f rom r epeat iSegfeerdmgdingnprogystsl draam BAaSHpspck e fox iedemplni padyeiher amine D230,
preferred, er. i roporti.o 35 to 100%,pr.o

oxi de uni tsﬁﬁﬁgjé)l’ tWa‘f@’ %@?@%@veﬁﬁwﬁﬁgﬁ@%& Oﬁairraﬁgg’pﬁ%]j{ﬁ. o from
100% pr opy| eBESPXuER a¥! mﬁescmn‘ﬁlteyo@@HF@%o,a@mPlchm'oﬁg?,r ﬁyoo,gii?dgjéégg@,

copolynmers, 10 alternating or bl ock copolymers of ethylene 0ox
propyl ene oxioligctradyiltodinan pminget (RASPoprsedhst pphytitterbydefufn ommine 1700),

L he” DesriaphanDFHEr Abfits: ety Rlec BOPD: Bupt ik (7 megt oF | qElyeaide of
Bayfl ex(r), rBawdat aé; mBEddlyderdiRdoPRbtY LIRS ch ééﬁ}(%m}gagizéﬁ 8H&" di- and/or
e Desnophen(r 00/,

Mat eri al Sci ence AG (such as” for exanp S
Desnophen( r yriglgcdides Ad clatty racids, Bod yhHiCol 5120ty Ackl estersy Whibl ywlaverage

40001, Arcol (r) .Pol yql 0 Arcol (r) Polyo] 1010, Arcol (r) _Polyol

1030, Arcol 6?’5“%}38? ?ﬁﬂeaf%g’oé%a%}%‘msl Jegrf)mB C‘iffi@{fe Béiﬁff {91 xRy by gd-

Baygal (r) K BEJ( | yet ) rd&.h | :

oo pol et Il uaae et S R 05 ol e oL AR ey,

BASF SE;30suivthadil enhoyvermngp alopmisp yat desst x Ot graupe fep maxan®| e tddgmercial
products such as Lupranol Balance® (BASF AG), Merginol® grades (Hobum




- 8 - diprop , trimethyl ol propane, glycerol,
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20  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, neopenty! glycol, 1,5-pentanediol, methylpentanediols (such as for
example 3-methyl-1,5-pentanediol), 1,6-hexanediol; 1,8-octanediol,

25 1,10-decanediol, 1,12-dodecanedjol, bis(hydroxymethyl) cyclohexane (such as for
example 1,4-bisthydroxymethyl) cyclohexane), triethylene glycol, tetracthylene
glycol, polyethylene glycols, dipropylene glycol, tripropylene glycol, polypropylene
glycol, dibutylene glycol and polybutylene glycol); trihydric alcohols (such as for
example trimethylolpropane, glycerol, trishydroxyethyl isocyanurate, castor oil);

30 tetrahydric alcohols (such as for example pentaerythritol); polyalcohols (such as for
example sorbitol, hexitol, sucrose, starch, starch hydrolysates, cellulose, cellulose

hydrolysates, hydroxyfunctionalised fats and oils, in particular castor oil), and all



5 ‘gl ycerol, jtol, reaction products of the

accordi ng togﬁgﬁﬁ@%ﬁb?éé) Wi th e-caprol actone, for exaﬁtﬁiﬂﬁ%§£¥P%ﬁ99
products of trimnethylol propane with e-caprol actone, reaction products
of glycerol with e-caprolactone, and reaction products of
pentaerythritol with e-caprol actone. Water, diethylene glycol,

di propyl ene : 0 R@gg

synt hesi sed ?&%ﬁ?%%°§3§%§%thtgﬁaggﬁh éﬁgagigggmgﬁpgghar %%?2%3@?‘f
pref erabl y usespralctdnbuncti onal starter substances. The H-functional
starter substances are particularly preferably one or nore conpounds
selected fromthe group consisting of ethylene glycol, propylene

glycol, 15 1; gtn&%[] tfﬂ[ﬂﬁ 1.0

1, 5- pent anedl e Plrlgﬂ"l)lrret ?!SFS%%‘%S{%H%&%F%%?)“SQ&%% " g sljéeo%u;bstanee class of
1, 6- hexangdi pd)lyetﬂelepdﬂyblenm paryiculbr thdisg haviyg @nmogicykaﬁlwelgitMﬁnﬁlthe range
tri met hyl ol propan di - ndtrlfunc i onal pol yether_ pol yols, wherein
t he pol yet he%" %O@Q)Ito 400 y%(ﬁ?és?%l %?rr Behyels giynthgpised if’lOPl1 fensating sHylene
starter subs [ o]

e b funot: ooy and BRbel XK e p crtoat BBerbbyy hing o propargipn g6 35

oxi de. The puwl LO&I%Ipropytdnymﬁepmlﬁfsﬁpa'hbudaﬂjapﬁzfﬁablyIﬁa&fng&%/@b?@l@lon of 50 to
nol ecul ar we t in the range from62 to 450@%3/rml and
functionalit V%(ﬁ’ Ponyleng oxile YhiSyEhey qag bgrrardam Yl’a?fsv\ﬁ'ﬁ‘élﬁﬂt qemolymers,

0,08 LB B L e o Sl

car bon di oxi ﬂﬂyeﬂm‘ piiljrois/ bﬁmeesimdm tepedrﬂxﬁgupl@pyleﬂieabmaé and/ef ethylene oxide
substances. "H-functional" within the mgani n of t he |®ﬂvent| on ®
under st ood t@lffedis fascckmmiertheDesmophen'h Aeddaim’ ohreal d&%MCaltllaoBaﬁél}

nol ecul e of ®a eop%fm sts for
honopol ymen%%ml (%n g}%ﬁ%al Gx1 des ar g%%ﬁ%p%??;‘%r Rel &a erf]?%fﬁn@[%xeﬁxpe &G
art (see for(sednapke MIQD@%OM‘E 14808, BeSROpIRaS, 19ld§UAp&c&ﬂﬁ® %Qyol
and US-A 5 158 922). cat al ysts, ch are describ

AR Pl I RN L R WL LI T AR TR B

O A A0 A SRR AN GRS 10 2R R P B

product i on d5HATEL heod, W@l)&éﬂiesw susooeFﬁnlh@wuﬁﬁmawﬁfo Mf&@l%ﬂéﬂe%ﬂl&’é%sare
(25 ppmor |less), so t hat separation of the catalyst 5 fromthe

fini shed pr cf@ﬂ@t‘amﬁleg@ﬁé?lmwly Rdrinssgeom B4 SE s3i;ysuitible Iinghpylypropyieac

DMC cat al yst S ed in whi ch.in t

doubl e et al&c%gm L oot edtr%‘ ZS’?%QE‘& %Ibéarfllsn%om B bﬁ suftatfe mixed
hexacyarumcott@bbl@rhﬁfd ot dthylandodae %&@bﬂeﬁ@ﬁﬂh@&e‘ fof @Mnﬁle He BHATRISPE
tert-butanol) al so grl se a polye havi ng a nunber-aver age

mol ecul ar  wedrdurio? ragdofrgnASE 8Ee a typical exanple. 10 The DMC
catal ysts are obtained by (a) in the first step reacting an aqueous
solution of a netal salt with the aqueous solution of a netal cyanide

salt in the THea3gmeRionhl ANrAbIUEs CLPAH Be @él E&¥rohl ﬂg@gﬁstaﬁcg class of
exanpl e an ether or alcohol, 15(b) wherein t he secon

solid is semb@ﬁ‘@d pblyots, um@agwbenhmserhavbtgaa mmdechﬂarnw(aught bn hndwnrange
t echni ques S i fugat or filtratio (c) wherein

opt i onal % hztoﬁ ﬁgéi Pl 4%&6%& giduncgipngl P"L]g’%%eéﬁélﬂe Wit agpolyester

aqueous SO' lﬁ)l qfolﬁ@te?&ﬂ%ﬂsc Rl %obél&?maléefr%tmgxﬁm)gﬁd B¥ohol units.
resuspensi on and subsequént renewed ation by tiTtration or

centri f ugat iSomgipic acid, maleic acid, maleic anhydride, adipic acid, phthalic anhydride,

phthalic acid, isophthalic acid, terephthalic acid, tetrahydrophthalic acid,

tetrahydrophthalic anhydride, hexahydrophthalic anhydride or mixtures of the cited

30  acids and/or anhydrides for example are used as acid components. Ethanediol,

1,2-propanediol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, neopentyl glycol,

1,6-hexanediol,  1,4-bis-(hydroxymethyl) cyclohexane, diethylene  glycol,
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25M ( x) 3(31 v)yexample 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
H-functional starter substances. In particular, polyether carbonate polyols obtainable
20 by the method according to the invention described here according to step (i) or step
(ii} 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.

The H-functional starter substances generally have a functionality (i.e. number of
25  active H-atoms for polymerisation per molecule) of 1 to 8, preferably of 2 or 3. The
H-functional starter substances are used either individually or as a mixture of at least

two H-functional starter substances.

Preferred H-functional starter substances are alcohols of the general formula (II),
30

HO-(CH,),-OH ay
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products of pentaerythritol with e-caprolactone. Water, diethylene glycol,

dipropylene glycol, castor oil, sorbitol and polyether polyols synthesised from

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

starter substances,

The H-functional starter substances are particularly preferably one or more
compounds selected from the group consisting of ethylene glycol, propylene glycol,

15 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
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

20 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
functionality of 2 to 3.

25  The polyether carbonate polyols are produced by catalytic addition of carbon dioxide
and alkylene oxides to H-functional starter substances. "H-functional" within the
meaning of the invention is understood to mean the number of active H atoms for

alkoxylation per molecule of the starter compound.

30 DMC catalysts for use in the homopolymerisation of epoxides are known in
principle from the prior art (see for example US-A 3 404 109, US-A 3 829 505,
US-A 3941 849 and US-A 5 158 922). DMC catalysts, which are described for
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15 (b} wherein in the second step the solid is separated from the suspension obtained
from (i) by known techniques (such as centrifugation or filtration),

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

20 (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),
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

25  excess (relative to the double metal cyanide compound), 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 The double metal cyanide compounds comprised in the DMC catalysts are the

reaction products of water-soluble metal salts and water-soluble metal cyanide salts.
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hal 7 RS BRI, PRl B e
defined as i buth@dlpeferdBly in etc@sy, Vélitn%ﬂ:@ ch Headl@hbdbpditAs) 4nd ﬂo‘Pfcﬁ%ﬂoﬁate

(VIl), and x, x', y and z are int egers and are ‘chosen such tha

el ect r onelt r%i:t@lthrhwbwm golyel, apolysyladente glyooipdioh @r i oly(ttramethyldhe

By prefer eNC&her'di gl) are ad]dbéf to ﬁme suspenszlbn that is formed.

Suitable metal salts for producing the double metal cyanide compounds preferably
have the general formula (III),
10
M(X)s (II)

in which
M is selected from the metal cations Zn*, Fe', Ni?*, Mn?*, Co®", 8%, Sn®*, Pb**
15  and Cu®*, with M preferably being Zn?*, Fe*", Co** or NiZ*,
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,
cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;
nis 1 if X = sulfate, carbonate or oxalate and
20 nis 2 if X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate,

isothiocyanate or nitrate,

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

25 M (X)3 Iv)

in which

M is selected from the metal cations Fe**, AT**, Co®" and cr,

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

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

ris 2 if X = sulfate, carbonate or oxalate and
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hexacyanocobal tate(l11). Further exanples of suitable double netal
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of the DMC catal ysts are disclosed for exanple in US 5 158 922 (see
in particular colum 6, lines 9 to 65), US 3 404 109, US 3 829 505,

US 3941 8490: Efttc 01040 nER e 2kl mAP(WP 4 145 123, US 5 470
813, EP-A 743 093 and WO A 97/40086) . For exarrpl e, water-sol ubl e,
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phosphorus or sulfur, which can ford&ﬁg | exes with the doubl e petal
cyani de conpound, are used as organi npl ex | i gands. Pref er r &)
organi ¢ conpl ex |igands are al cohol s, aIdehydes, ket ones, ethers,
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Particularlympﬂdﬂbrred organic conplex ligands are aliphatic ethers

Cthanol . | ol BRaRgRd HALbe A coaieangl BUaY but anol - oo 2
compounde conps .02?%*‘*85?%%“?%5%?. iR pETTERT A il Rk the group
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cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;

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

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

15 isothiocyanate or nitrate,

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

M(X)x (VD)
20

in which
M selected from the metal cations Mo®* and W5*
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,
25  cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;
tis 3 if X = sulfate, carbonate or oxalate and
t is 6 if X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate,

isothiocyanate or nitrate,

30 Examples of suitable metal salts are zinc chloride, zinc bromide, zinc iodide, zinc
acetate, zinc acetyl acetonate, zinc benzoate, zinc nitrate, iron(Il) sulfate, iron(ID)

bromide, iron(I) chloride, iron(Ill) chioride, cobalt(Il) chloride, cobalt(Il)



30 nono-tert di et hyl ene gl ycol nono-tert- b
tripropyl ene‘ﬂ?&gica/ﬁtobnorret hyl ether and 3-nethyl - 3-oxe anerr}gzttoﬂémﬁs?g
Most hi ghly preferred organi c conplex |+tands are sel ected from one

or nore conpounds of the group consisting - 15 - of dimethoxyethane,
tert-butanol, 2-nmethyl-3-buten-2-0l, 2-nethyl-3-butyn-2-o0l, ethylene

gl ycol nono- E}ﬁédyaﬂ&téthﬁéltlﬂ clﬁBﬂd@aﬁ@tn'in%I(ﬁj %ﬁ{t@nﬁfﬁhfh@r@ diffd¥ehl infbtal

the nmeani ng of the invention one or nore conpl ex-form ng conponent (s)
5 fromthe cetalfssaendlselbasises of pol ycarbonate diols, polyether

car bonat e pol yols, pol yethylene glycol diols and poly(tetranethylene
ether diol) are used in the production of the DMC catalysts. In a

preferred enm@dwe%etmr@amel Qs 8y Eﬁ)dﬁéﬁg #s doliBleC @BL%M& @b@g?%l}ds

conponent : A) y(tetranet hyl ene et her dio aving a

mass frond SODref@alﬂE@@%gmmbneral@anulaWHagrl y preferably from550 to
1500 g/ nol, B) polyethylene glycol diol having a nolar mass from 500
to 2500 g/ nol, particularly preferabl y from 600 to 1500 g/ nol,

pol yet her carbonate pol yol having @NDTER from 500 to 500
g/ nmol, particularly preferably fro@h{)"looo to 3)(?)00 g/ nol , and/ or WE%))

pol ycar bonat e di ol having a nolar mass from 500 to 5000 g/ nol,
particul arl y prhelﬁherabl y from 1000 to 3000 g/ nol. Poly(tetranethyl ene
et her di ol s)™AY thin the nmeani ng of the i nvention are pol yether

pol yol s S
Dol Yt et r ey b e P She 2 St Sepl ks &) B8 A RoRRR of Fem),

pol y(t et r ameRe@ie Ae(iéy. (I GH&), Gilld, Mg N6l Ty NewB) RRGI R,
00 e ST ORYICRRETE) U SRR e! St S i e grov
consisting of Co(Il), Co(III), Fe(Il), Fe(ILL), Cr(Ii), Ir(IIT) and Ni(II),

Y is selected from one or more metal cations of the group consisting of alkali metal
15 (i Li",Na', K', Rb") and alkaline-earth metal (i.e. Be**, Mg®*, Ca®*, S**, Ba®™",

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

fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate, cyanate,

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

a, b and ¢ are integers, wherein the values for a, b and ¢ are chosen such that the
20  electroneutrality of the metal cyanide salt is assured; a is preferably 1,2,3 or4; bis

preferably 4, 5 or 6; ¢ preferably has the value 0.

Examples of suitable metal cyanide salts are sodium hexacyanocobaltate(III),
potassium hexacyanocobaltate(Ill), potassium hexacyanoferrate(Il), potassium
25  hexacyanoferrate(III), calcium hexacyanocobaltate(III) and lithium

hexacyanocobaltate(III).

Preferred double metal cyanide compounds that are comprised in the DMC catalysts
are compounds of the general formula (VIII)
30

My[M’,(CN)y], (vII,



t et r ahydr of “Wzé%‘i@w#ﬁth the aid of catalysts. Eitherpgﬁﬁ(}gﬁ@@g”

catal ysts are use ere as catalysts, or the catalysts are pro

in situin the reaction mxture. This isl®5 done by produci ng oxoni um
ions in the reaction nediumw th the aid of strong Lewis acids (e.qg.
boron trichloride, alumniumchloride, tin tetrachloride, antinony

pent achl ori di whicRM kd definehaid fhemalx (ANAsPYPradg pent af l uori de) or by
means of strong Bronstedt acids (such as perchloric acid,

t et r af | uor obb¥ iscdedisied as i fpomok(Vibrind aci d, chl orosul foni ¢ aci d,
hexachl orostannic_agid, .ipdic acid gr hexachl or.oanti noni c(.) [
hnd i ¢ h ¢ netar Bt ¢ BtecpReS aBat Masne h L iR eh L aEfhebnble
al kyl ene oxi gefal cfanide @InPpouRes s¥hde, Propyl ene oxi de,

epi chl orohydrin or butyl ene oxi de, oxetanes, orthoesters, acetals,

a- hal ogens et hers, benzyl halides, triarylnethyl halides, - 16 - acid
chl ori des, Bglac%ones car boxylic anhydrides, thionyl chloride,
phosphorus o %Fﬁ ?ﬁefl%f’!e or sulfonic acid halides), which oxoniumions
initiate polyeeyiksalipa @fpgthesTHF. 5 In pilot-scale production PTHF
can be produced in a single stage by THF pol ynerisation with water,

1, 4- but anedi ¥ = én(l{yi Fe(l)oGeh loediflBradei ght PTHF as a tel ogen (chain
term nation a n.acid . cat ts. Both honbgeneous systens,

di ssol ved i nﬂfﬁgfogggcﬁ?@’ ﬁgwﬁgﬂﬁaﬂéﬁh het er ogeneous, i.e. largely
undi ssol ygd, systens are known as catal ysts. The relatively | ow THF
conversions that are 10 achieved above all in the synthesis of PTHF
of nol ecul arExaples 650 sugaldo00damble diretedvanytsideousmpbbamdsver) ke  zinc

| ar ge-scal e productign,twny-stage .net hods, are edom_nantly perfqrned,
in which forl?eé‘%%?f?ﬂ?%(’%?ﬁﬁ\éﬁ f F %theﬁm?ﬁ%‘ﬂg% GHE>OZIB%I}5‘?F%‘%YPE Hristlll) apd
esters in thgper@deReeicHindcbbat fq]ﬂ'?rg] C')Qn@:ﬂ% en:hydr d
PTHF. Hi gher TI—!Fﬁgonvercgi or?s aragatﬂua yegc%n e (13 \t/?,?t ﬂn{%ﬁ%s%l?%@% B#e%l
THF 15 pol ymyahidatcompotidsncani behfornd fireexamplpeinr@$ 50ds. 92PHEolumn 8, lines 29
pol yneri sat i ogéz%t hE )&rgesence of ﬁr_box,l i c_anhydrides, such as for
exanpl e Hcet® Yoty yaqoaolgew@te}gﬁ & carlppreterably d4ssgsts to form
PTHF di acetates and subsequent interesterification of the PTHF
di acetates with for exanple nethanol to form PTHF and net hyl acetate
i s advant ag€thesomganicecanplex Sigahdspaddedeinr tbystodictioans’ @k eDMUTREREELS! dry
avai |l abl e, Eﬂc}r 20 %xarrpl e from BASE SE under the trade nane
POLyTHF(r) dRSH9SHhIPRRAasBle i dbY 51178 Redere inanmetiondaraohume Or Jines 9 to 65),
FF)’S: ve! 11 eneyglyael 165,008 38205b5)! st Beod 30 "Epok Faodd R 91 2FcR,
20 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
compound, are used as organic complex ligands. Preferred organic complex ligands
are alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles, sulfides and
25  mixtures thereof. Particularly preferred organic complex ligands are aliphatic ethers
(such as dimethoxyethane), water-soluble aliphatic alcohols (such as ethanol,
isopropanol, n-butanol, isobutanol, sec-butanol, tert-butanol, 2-methyl-3-buten-2-ol
and 2-methyl-3-butyn-2-ol), compounds comprising both aliphatic or cycloaliphatic
ether groups and aliphatic hydroxyl groups (such as for example ethylene glycol
30 mono-tert-butyl ether, diethylene glycol mono-tert-butyl ether, tripropylene glycol
menomethyl ether and 3-methyl-3-oxetanemethanol). Most highly preferred organic

complex ligands are selected from one or more compounds of the group consisting



pol yol s base nctional starter substance havi !
%QEPE"ZPXI??W %Ty%%oi‘%&s\é 9

H atons for ation and on ethyl ene oxide. The pro ion o
such pure ethyl ene oxi de pol yether diolslgenerally takes place by
means of ring-opening polynerisation of ethylene oxide (oxirane) with
catal ysts. Lewis acids (for exanple boron trifluoride, tin

tetrachl ori def dinethofly€@hi¥, i RE)biRinobaSlfetBPINBURAS-§UCh Rk yZ 2 AE
or al kyl al um ni um conpounds, strontium or cal ci um carbonate, cal cium

am de, cal ci e¥igoe ghcelananatsxi-bltyl ethdcand 3onethykbketencpzathdnobet al
hydr oxi des, al kanol ates or phenol ates for exanple are used to this
end as catalysts. A dihydric al cohol such as for exanple ethylene

glycol , di et ipitieMehdintaring dIMBOYIRARLE YE Ok mdte ROARYXEREMMHoY Ethpontnis)
- 17 - propanediol, 1,4-butanediol, 1,4-butenediol, 1, 4- butyneolly ol ,

neopent yl 5 gl {rewl thelc@npgedt elassds off, polysathpnptendialse pdlyether (catbohataspdlyns,
exanpl e 3-nethyl.: 1, 5- pent anedj ol 1,6- hexapediol, .1, 8 qoctanedi ol,,

1, 10- decanedP@%?thii?&ez- O p@ﬂl(fdf%q poﬂ)’&?@ﬁ%ﬁ’@%ﬁﬁe‘#ﬁﬁ %“@%/@F%H’é?{‘grfﬁ the
(such as forpYasinfofthd DS CHMAERX M EHBed Rniby Ginfhe MR Bllowing is used as
triethylene %:eycol , tetraethylene glycol, polyethylene glycol,

gl Br?plyl ene I ﬁ@?lplext-ﬁo'rrpfngmp:@l@aelgl y?:ol y p?I ypr opyl Fne_ gl yco:j, o

i butyl ene glyc nd po ene ol. for exa i s_use e
H functional s r?@ﬂ?&d‘%‘%ﬁﬁﬁ%‘? etﬁ)gtcﬁ%% a‘flﬁgaﬁ?(gﬂ'_dg%ﬁgmé‘? ﬁg&@nﬁﬂ/@@:
pol yethere are WepdriknaMypleferhbly H8Y S50%oSIobloflol n the art and are

b!
described in detail in for exanple " Houben-V‘gﬁﬁ? 10 Met hoden der
or gani schen Chéhi edlyethenenglyce! 2jolMedving aomeketlraase Fomf §60 tat 2500 g/mol,

Editi , 1963, . 425-453, " ben- . hod d i h
Cher o Vol une. EBEECHERY m&%&%@%@feﬂ}g@b ZRR%) Edi tion, 1087, p.
13671358 and Bevcdnedtule POLHMELSEhegs: A, Bgh 581 "90p gimol

Vol ume 6, 2nd Edition, 1987, p. 5-230 an
car bonat e pol yol spaBjicudinihprefarsidy freanl () tof300he/molyartéron are

obt ai nabj e for gexanpl e by catal ytic reaction_of al kylene oxi des and
car bon disgxi deqsnp%%ré?e‘ﬁeg‘ ing-¢ F‘Sﬁ’ét"?%ﬁgpnlsﬁ%tpeﬁo@m{’]aﬁ%@ﬂlaﬂy
for exanpl e by tt’iﬁ.e UPP%OI%CFU%% RBod g/n;(n-e i nvention. The pol yether

carbonat e polyols C) used as the conpfex-form ng 20 conponent can
al so be produced by ot her nmethods known to the person skilled in the

art. for Sxaple by BRLLAL L ool Ve gt Palvcat bonale oL yol s i LT
20795 AR, ORACTLY L AT B0
to 3, nuxt odptetyahydefferma(PTHEMDr pdvoxybutylene 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

tetrahydrofuran (THF) with the aid of catalysts. Either preformed catalysts are used

here as catalysts, or the catalysts are produced in situ in the reaction mixture. This is

25 done by producing oxonium ions in the reaction medium with the aid of strong

Lewis acids (e.g. boron trichloride, aluminium chloride, tin tetrachloride, antimony

pentachloride, iron(IIl) chioride or phosphorus pentafluoride) or by means of strong

Brenstedt acids (such as perchloric acid, tetrafluoroboric acid, fluorosulfonic acid,

chlorosulfonic acid, hexachlorostannic acid, iodic acid or hexachloroantimonic(V)

30 acid) and with the aid of reactive compounds known as promoters (such as alkylene

oxides, e.g. ethylene oxide, propylene oxide, epichlorohydrin or butylene oxide,

oxetanes, orthoesters, acetals, a-halogen ethers, benzyl halides, triarylmethyl halides,



Pol ycar-bonat [ ithin the meaning of the inventj

obt ai nabl e fg‘g(gg;ﬂaﬁrr%]l@gségy pol ycondensati on of difuncti O%g?ﬂ%’zﬁ%’g?sw
conmpounds (generally bis- hydroxy conpoulfds such as al kanedi ol s or

bi sphenols) with carbonic acid derivatives, such as for exanple
phosgene or bi s[chl orocarbonyl oxy] compounds 30 (for exanple of the
formul a Cl - Chcid OdhlErides? -MaGlonbd, - Satboxytiar Mﬂﬁd@?'tﬁio%zﬁ%h%&ﬁe,( PHESPhBuS
di phenyl carbonate or dinethyl carbonate) or urea. Methods for
produci ng poPyxshtasisiear sylfenie agidriatided)ywhich oxamivumionn thitéate pyserisdsion of
in detail in folr 1gs:xarrpl e - 18 - "Houben-Wyl, Methoden der

or gani schen E}ﬂger‘ﬁlé", Vol une E20, Makronol ekul are Stoffe, 4th Edition,
1987, p. 1443-1457, "U Il mann's Encycl opedia of Industrial Chem stry",
Vol ume A21, 5th Edition, 1992, p. 207-215 and "Encycl opedi a of

Pol ymer Sti ehc @ilahscaith giredustion gP THYobamde 1 prodatedEdn t4 emgld 9&@e by pTHF

648-718. Ali ti | ycarb t i ol s,.havi | | 0
0o 5000 of mobolrinsSsan SRl RRRE: Ca DupRli Bl verSbeigreick PhRE e o
particul ar | yieRyoeh QEiadh Xerﬁﬁﬁﬁionﬁéﬁ%ﬁﬁf )ehaﬁrlﬁfa%l'slts\.’ Bt %bﬂlf% %Iie:b%nsystems,

non-vicinal diols by reaction wt carbonate, dia
carbonat e, ddissodveshomebs shcsgenysterhi suh| letabgrmeves, aicd. dlagsde nmdssolved,

urea (see for exanmple EP-A 292 772 a t he .dacunen ited therein).
Sui t abl e nonsiys% imé){engpo‘a? oa}sscﬁ?lggtﬁ'nl}gﬁrrf’ﬁ‘ ‘lﬁﬁrfg%, Eﬁ'glcjtcaﬂ‘_éedﬂBPS, that” are
neopent yig gl #&@dved Jabgvé)ﬁlmti@’ﬂigéjbﬂlthes%'qmﬁy bt %aoﬁed?ﬁé}t@élggﬂh@io fg,3000 are

3-net hyl -1, 5- pent anedi ol , 1, 6-Hexanediol, bis-(6- hydroXyhexy

et her, 1, 7- h&ipadvartdgesius, lhvayet. afrediagde-scalengpirductidn Stvasstage dinethoddl , e
nonanedi ol , 1, 10-decanedi ol , 1, 4-bi s-hydroxynet hyl cycl ohexane, |

di et hyl ene g?rﬁ%%?{n &Xeﬁ FIBE% § ywgsh fP’éteF‘é'é‘Pf?y& e 1§y firglopolymerised to
di propyl ene \eiyeRhhydtd R QRkkER ;

al koxyl at i onlmpgr&gducxt s of diols %h?h%gﬁk?logﬁgB%%lgﬁ{lg%b%ﬁ@g%@%&ﬁ%)’%ed
oxi de and/ ortot Rt HEh¥Adghet UFIAR onhvdrsions are nmmblg sachizved wifH) Chig/fomh ,of THF
preferab{ jn rarer cases _the diner diols, which

200- 700 g/ mol , ] Ol
are obta S%alzﬂo %Wﬁagalggl?%\%g sinelesiiagsapethgds I polymeriationdn dke pigpanes

in turn can i; - (i 1 i v a

Fatty o ds. TRa g aidel HRch 38 OBl B (hA B BB eorer o1
m xt ures. Theeid eatelysBntocfommbBTER dlayatatds hyd babsguait ntadsérificatomeifahe
conmpounds | gﬁ_&]ﬁﬁn&nner kﬁgvfyn to t qe person skilled in the art. The
nunber - aver aceatesr Wik ifofh exaranle enathanph toy dormp PAH Fngiks ethak acetate is
cal cul ated f rd I ] val ln_t
producti on Oa][th témﬁégiéaﬂgﬁ@ht oéﬂg%%{ﬂjds}ﬁ%g i (goﬁgl%%rf ‘%?ﬁea"%%%@% for
salt (e.2§. example from BASF SE under the trade name PolyTHF® or from INVISTA under

the trade name Terathane®.

Polyethylene glycol diols B) within the meaning of the invention are polyether
polyols based on an H-functional starter substance having two active H atoms for
25  alkoxylation and on ethylene oxide. The production of such pure ethylene oxide
polyether diols generally takes place by means of ring-opening polymerisation of
ethylene oxide (oxirane) with catalysts. Lewis acids (for example boron trifluoride,
tin tetrachloride, zinc dichloride) or basic compounds such as alkyl zinc or alkyl
aluminium compounds, strontium or calcium carbonate, calcium amide, calcium
30 amide alkoxide, alkali or alkaline-earth metal hydroxides, alkanolates or phenolates
for example are used to this end as catalysts. A dihydric alcohol such as for example

ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, 1,3-



zihc chlorid stoichionetric excess (at |east 9
o 2fobd: petaidoaen,

relative to cyanl de salt, in other words at | east

of net al salt to nmetal cyanide salt of 217225 to 1.00) and of the netal
cyani de salt (e.g. potassium hexacyanocobaltate) 30 are preferably
reacted in the presence of the organic conplex ligand (e.g. tert-

butanol) in hidgatddicll 15 BRandaRAL Q%Lﬁerﬁaﬁﬁ)@eﬂﬁlﬁﬁrrﬁef&?rﬁe%bt@ﬂ# BBcol, 1.5-

doubl e netal * cyani de’ conpound (e.g. zinc hexXacyanocobaltate
excess net al p@amedmumﬁylm@amdzols (3@h- ascmmxempla @amlhqulhbpentglwducd),

S o o DRIl o oDk onBntdif, o D3 0R&nal Sfaéﬁquﬁe%a%'eéxﬂe
suspensi on opjs@iyaREyRi) I%Ezélﬁh@dah@t (sQéh 0qu t41e caHplke 1 ek 1)
yeAhERy

conpound. It has proved advantageous to m x the agueous SO

the nmetals sa¢3tclcd1¢dand),e ‘m@tl@ﬂerﬁ cglpmil detegradibylemd  glyeolor galyethylenerplgéyceol,
ligand with r|n Wthjn the neanjn f the invention

t he suspensi %‘ﬁ 9P eﬁ‘ﬁ& ’ttﬁ pylcae gb’f’%lppPlé’P’EorPéflﬁ ggg’&?t(ﬁh%tﬁweagly?(ﬂéﬁlfl
one conpl ex- &915%@1911@%1}}?)?%? exIﬁSIeC%”HLéﬁX %é“}f'gmﬁ%ﬁﬁnﬁ&ft?r' §ubst cey

preferably used inh a e wth water an or gani ¢ conpl ex
preferred neMetwds cfnr pevduoing ethylehe okidespolpdihers (dre evelpkadhug ttd cthe @ferson

t he suspensi pl ace ;10 u a mx g nozzle, particularl
preferably u@ﬁnﬁf‘é{ tg? %Tsf‘ﬁérérérg%f’gr%@sd?l L jimy o sxamplesd gggben-&’eyl,
I sol ati opy OfMteﬁl%déﬁ’ldefi o@%arﬁsch&b%lﬁﬁﬁ@“r‘?ﬁ{%mgfléﬂf N%ﬂf‘(ﬂﬁéﬂ@lhll%%c btk ngee
to the invention) fromthe suspension’by khown te ues, such as
centri f ugat i bdition, 1963, rmat 4Zﬁn453, dREmbad{WVeyt.e Methddes c@cmgﬂnﬁme@ CHemié',

preferred enjodi ne nt elsolated solid is then washed in a
third pr ocersIQ %\I&Ot S—ﬁr lige s¥oifei dn ditione biddark- c 13&irpiadx and

ligand (e.qg. iy El@ﬁéﬂf?zggf;ﬂ)@ﬂ}eﬁ@g\gﬁwﬁrﬁgﬁﬁ@bee&%ewgl éai““ %Hggﬁét 1987,

filtration or cent ter-so 'secondar’y” pro
such as pot gsgRos36hnd2Bdestor exanpl e can be renoved fromthe
catalyst_in this way. The anount of organic conplex ligand in the
aqueous Washi ng solution is preferably between 40 and 80 wt.%

relative to s t _one Lex-form ng., .
Component - hofeifia Rl O wilhip 188 Rlep 88 SIREERGRT Bl gipable
to the conplfet examplet bpreatalygicpeatticil b alkyldeehaaabhyd a%es difxitid8n 2Re

aqueous washing solution in the third step. It is noreover
advant ageoudressnegehHeHactiong] serder %lbﬁmemfﬁée}smﬂe bridlee method af:¢qr@1ng to

‘3’22 2' ?gr St eQpé Gaventiah. ?ﬂé'%%ﬂ?etf?e?lc%ﬁo(r)lgteolgolycrﬁe dﬁnﬁé%tclug.sa h%dc&rll}g:l ?ormmg
20 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
complex-forming component preferably have an average hydroxyl functionality of 1
to 6, particularly preferably 2 to 3, most highly preferably two.
25
Polycarbonate diols D) within the meaning of the invention are obtainable for
example by polycondensation of difunctional hydroxy compounds (generally bis-
hydroxy compounds such as alkanediols or bisphenols) with carbonic acid
derivatives, such as for example phosgene or bis[chlorocarbonyloxy] compounds
30 (for example of the formula Cl-C(=0)-O-CH,-O-C(=0)-Cl), carbonic acid diesters
(such as diphenyl carbonate or dimethyl carbonate) or urea. Methods for producing

polycarbonates are generally well known and are described in detail in for example



1251179, (e S gRingenl on 200 eubsequent rencucd | opk DB

secondary products such as potassiumchit®4 de for exanple fromthe
catal yst according to the invention. The ampbunt of unsaturated
al cohol in the aqueous washing solution is particularly - 20 -

preferably befy@rp-weyandMihdden% der! abiod@isdient NEHRRP!, et §oRphdIt | £5Y

of the first washing sfep. In the further washing steps’(c-2) either
the first wabhkrgndelepaiesStoffpetlt Bditionel 487, pol4#3t i458s "Ullmefiés Btyelopadia

to three tines,, or preferably,k,a n- aq us_gS t.ion, ch a
exampl e a ni Qfdpgu%ﬁals&qﬁw of\?‘ﬁﬂ@ﬁt éﬁite%l %%H%l 1g3 nd- 07{'&5tand
one conpl ex- fEydFt Bﬁecﬁ@@f’?ﬁ%’ﬁ{er @Elfeﬁé@éxﬂpﬁﬂgi?&rihgq V(Slﬂﬁh@ Iqeﬁm%@tlj&xéfl’g%&

and 5 wt.% relative to thé total ampunt of waSHing solution o
(c-2)), i% upethiagl§ hilipmsihipodycadionste alioladvinher soldrdnass fivas 500 toi 3000

it i - f b t hr tinmes. 10 The i sol gt ed
Lnd opt § onar B4 e SRg B e el SRRl (0.0 000 ehpeh arepabogary pretmbly
general 20 tQsel0Gfe@ntle URASHIP ® d?ﬁoﬁfncﬁleﬂ‘éﬁq@i g%lsob%r%gr&g n Wt diaryl

normal pressure (1013 nbar) atter being pul verise erred
met hod for iswbatandidlkd cBiMonsiaf dibyslasores,qiosgang, biscHldreformieadid esters or

T B Ok AP L8 1 e b P i
obt ai nabl® byicilF aives Qx‘?:dlg b S&Hélng,éilb(ﬁtaglg&ol r}l\éggésﬂé@n%&bﬁg llj,t%-ﬂeﬂygnediol, 2-

content of secondary pro and ‘can proce
di fficulty, mathyhifSimentaedioy, rehatdtlon-1vi-péntatiedichnd/ 0f6-sxkiddielcy amis-@s
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In the production of the DMC catalysts the aqueous solutions of the metal salt (e.g.
zinc chloride), used in stoichiometric excess (at least 50 mol%) relative to metal
cyanide salt, in other words at least a molar ratio of metal salt to metal cyanide salt
of 2.25 to 1.00) and of the metal cyanide salt (e.g. potassium hexacyanocobaltate)
30 are preferably reacted in the presence of the organic complex ligand (e.g. tert-
butanol) in the first step, forming a suspension comprising the double metal cyanide

compound (e.g. zinc hexacyanocobaltate), water, excess metal salt and the organic
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place 1n 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
20 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
least one complex-forming component, preferably in the range between 0.5 and 5
wt.%, relative to the complete solution, is particularly preferably added to the

25  aqueous washing solution in the third step.

It is moreover advantageous to wash the isolated solid more than once. In a first
washing step (c-1) an aqueous solution of the unsaturated alcohol is used for
washing (e.g. by resuspension and subsequent renewed isolation by filtration or
30  centrifugation), in order to remove water-soluble secondary products such as
potassium chloride for example from the catalyst according to the invention. The

amount of unsaturated alcohol in the aqueous washing solution is particularly
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10 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
15 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-
20  functional starter compound having a functionality of at least 2 are preferably used
for polyurethane applications. The polyether carbonate polyols obtainable by the
method according to the invention can furthermore be used in applications such as
washing and cleaning agent formulations, drilling fluids, fuel additives, ionic and
non-jonic surfactants, lubricants, process chemicals for paper or textiles production
25 or cosmetic formulations. The person skilled in the art is aware that, depending on
the area of application, the polyether carbonate polyols to be used must satisfy
certain material properties, such as for example molecular weight, viscosity,

polydispersity, functionality and/or hydroxyl value.

30 For production of the polyurethane flexible foams the reaction components are

reacted by the single-stage method known per se, wherein mechanical equipment is
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(consi sting pol yet her polyol, which was synthesi sed

starter and propyl ene oxide durlng t he aZkt4 vation steps taking place
under CO2-free conditions, and pol yet her carbonate polyol,
synthesised fromthe starter, propylene oxide and carbon di oxide
during the Sonet i hoh StieBsschibkd i9 cRABSR ih Eﬁh@ssr%eenéﬁﬂ%f ﬁ@@es@ﬁl@
during copolynerisation) fromthe values of the conposition of
reaction m xeqHipmenthghaiols- pb‘pyﬁ@tablﬁor&gmrﬂmem% thf inventiosaetei dmcrlbed in

ot do opt 1 onkPFYSREBIER, VEuGR NS R VA EERT FoRh IR SMtanser-

percent age byewgd Mtmieh 199? foReRANFE N RREAI BN DK, IThel ﬁbl}tﬁ@thane flexible
pol yet her car bonat e pol yol was 10 converted into a percentage b

wei ght of 5 cafaaos cgh bripdedugsd n‘gmph]eieﬂ acblock Foahay. (FhapEBr)lretH'dme ek il efoams

of the CO2 content.in the pol ther bon t.e. ‘i ncor por at ed
o seo t nECTER BRI B S e Mo GlS e St coepghead
proportion ofesfaoeimﬁeb@rsﬁbﬂg&%ﬁtsﬁuaﬁa}ax@ien{aa{secul e formed in the
copolynerlsatlon and optlonally in the activation steps in the

presence of CO2 (i.e. the proportion of 15 pol yether carbonate polyol
nol ecul e resulting fromthe starter (1, 8-octanediol) and fromthe
reaction of the starter with epoxi de, which was added under CQO2-free
conditions, was not taken into consideration here). Conplex-formng
conmponent used 20 K-1: difunctional polypropylene glycol having a
nol ar mass of 1000 g/ nol K-2: poly(tetranethylene ether diol) having
a nolar mass of 650 g/ nol K-3: polyethylene glycol diol having a
nol ar mass of 1000 g/ nol K-4: polycarbonate di ol having a nolar nmass
of 2000 g/ nmol, based on 1, 6- hexanedi ol as difunctional hydroxy
conpound 25 K-5: polycarbonate diol having a nolar mass of 2000

g/ nol , based on a m xture of 71.4 parts by wei ght of 1, 4-butanedi ol
and 28.6 parts by weight of 1,6- hexanediol as difunctional hydroxy
compounds K-6: trifunctional polyether carbonate polyol having a
nol ar nmass of 3000 g/nobl and a CO2 content of 14 wt.% obtained by
DMC- cat al ysed copol yneri sation of 30propyl ene oxi de and CO2 The nol ar
mass i s the nunber-average nol ecul ar wei ght, calculated fromthe
experinentally determ ned OH value. -25 - Exanple 1 (conparison):
Catal yst Cat-1 The catal yst was produced using an apparatus accordi ng
to Fig. 4 fromW> A 01/ 39883.
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and 135 g of utanol was circulated at 50Cin a | oo

conprising a jet disperser according to-Eg. 2 fromW> A 01/39883
with a bore (diameter 0.7 nm. A solution of 26 g of potassium
hexacyanocobal tate (0.078 nol) in 332 g of distilled water was added.
The pressurelgga%lgsn the jet disperser was 2.5 bar. The dispersion
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-butangl f t|II r and, 27
conpl ex- f or ni Q,%ﬁ‘ﬂjd’% @?’drkxl a‘ﬁ%fe‘ﬁf?%fﬁﬂmf%é' a‘?Gf%fg%?esﬁooRHMé%%nbm
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in a presSur performedheithith na)lain ¢thanolit K OHr (ead epodntedetatiol bycpmBerinthetry).
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washed filtefheGalan e/ eﬁ%&&ﬂft%ogg%g%@eﬁ%m%ﬂa&\ﬁeg%g“ ps of

filter paper and then-dried for hi g um at
approx. 0.05 bar (absolute). 20 Exanple 2' Cat al yst Cat-2 The

cat al yst vvas roduced usin ratu rd|n to Fig. 4 fra
WO A 01/ 308835 ROBEFHR %’f;ﬂ ngerD %ﬂp B 1y IR pofcther %bongteowolyol and
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| oop reactor conprising a jet dispers acco

WO- A 01/ 3988FH-MMR @rulorDPHI 4002460 MHZ, puide. préglﬁﬂi 230pWaiting 2m@d pf10 s,
pot assi um h_el_ﬁ“gc an cgb@tate (0.078 npl) |n 332@9 of distilled water
was added. % PEh SRBBLS Hap Sﬁ%‘teddms gevtgfed, ghlopoferny g The Tplgvant
di spersi on fQuimecnas ! eﬁ@or with a
pressure drop in '?he jte{{ﬁg?fggé%g?{ 0 Oggm%%hag;ﬁ)@% xture

consi sting oéychic Zatpoahtet(@rined uisansdcondAvP pepdulct) desiinahdeest 4\8tppi, @Bfbonate
27.6 g 30_of c | ex-form ng conponent K-2 was added and the
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were filterepbljol (he.pwithou igconpdraed eatbbh ickidd) Wit reSotahageatarea ph paf,
cnB and then washed with a m xture consisting of 82 g of tertbutanol,

42.3 g of dl%l'?li $-oatepak comeuated 2s ghefstasisrpnelecylorwitng tesomonert k6 20
The washed fj gf) cake was nmechanically pressed between two strips of
filter paper A5 then dried for 2 h at 60C under hi gh vacuum at
approx. I 05 bar (absolute). Exanple 3: Catalyst Cat-3

The molar fraction of the carbonate incorporated in the polymer in the reaction
mixture is calculated in accordance with formula (X1} 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)
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WO A 01/ 3988 ol'ution of 258 g of zinc chloride

distilled water and 135 g of tertbutanol2ivas circulated at 50C in 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 hexagxaneeahaldrahe rd Qi /ateiBikits, ithe gél%n&riefbo%é& bé:b&&’atéfvgtlfiéar
was added. The pressure drop In the jet dispéerser was 2.5 bar. The
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pressure drog in the jet disperser of 2.5 bar. Then a m xture

consi sting oP8™ 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 min at 50C, with a pressure drop in the
jet di spe$ser Ofé .5 bar. 230 g of(ihe4d)sp&ds)on obtai ned wgzﬁ)o 1x)
filtered Tn a pre&ssu 1t Jhbe i _ar 20
cnB and then washed I\jmgt'Emégﬁhﬁz\#r)gmé%’ns]f(gtzi Eéﬁ%foszésrz Eg(f'gf ?.th t but anol ,
42.3 g of distilled water and 1.7 g of conpl ex-form ng conponent K- 3.
The washed filter cake was nechanically pressed between two strips of
filter paper Thaderesatpgarbvesveight (n wtdt) eg@omnwfbondgh cyrheuaien (BEC) in the

approx. 0.05 . ute). .2 anmple.4: Ca st -4 The

catal yst was re%?%%%ggﬁﬁs‘?}an%ca}fﬁ%ﬁlgﬁf(ﬂ‘gargg%&&Oﬁau ig. 4 from
WO A 01/39883. A solution of 258 g of zinc chloride in 937 g of
distilled water and 135 g pf tert- butanql was circulated at 50C in a
| oop reag%or conpri si ng-a 1&5-1&%5)31‘5&34-5%&&@%91&9 30 to Fig. 2 fronaX
WO- A 01/39883 with a bore (dianetery0.7 nm S(ﬂ’ution of 26 g of )
pot assi um hexacyanocobaltate (0.078 nol) in 332 g of distilled water
was added. The pressure drop in the jet disperser was 2.5 bar. The

di spersion fqr s then .- 27,5 Cir.cul at for.6 in at 5QC, wt
a pressure dl(rialoE)%I9 Crl{lm?l}?evfmgli? %’irs%e(rg HB?E%{% Sﬁgdfg.ca"lcﬁ‘g”ﬁé% "M%?P‘afaénce Wi
consi sting oforﬁuya(gqpf tert-butanol, 159 g of distilled water and
27.6 g of conpl ex-form ng conponent K-4 was added and the dispersion
was then circulated for 80 min at 50C, with a pressure drop in the

j et di spessert, . babar,. af, 1 LSper.si t aj ne re
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and then washed with a mixture consisting of 82 g of tenbutanol, 4B
g of distilled water and 1.7 g of conpl ex-form ng conponent K-4. The
washed filter cake was mechanically pressed between two strips of
filter paperTandactdre 0Zirésits ffeom 2hé sain 60 Cheunder MbGHs VRO (@blar mass

approx. 0.05 bar (absol ute).
PP 44 gfmo(l) and of pro)pylene oxide (molar mass 58 g/mol), the factor 58 results from

20  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
was calculated in accordance with formula (XII)

25

cc'

- w «100% (XTD)

in which the value for N is calculated in accordance with formula (XI).
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of zinc chloride in 937 g of distilled wader and 135 g of tert- 15

but anol was circulated at 50C in a | oop reactor conprising a jet
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135 g of t erFitt/EddP8mddecitaternbrtt afthatC(H0@ntant &n teopolyahat@rbonate polyol
conprising a,jet di rsef, accordi .to Fig.. 2 from WD) A 01/39883
with a bore h1°8¥?8f%$‘? 5%2 i tg\e gﬁrﬁvv%ﬁx%lﬁpl%a@ bble dy s Berpalised to the
hexacyanoco Sidn (T SHER arth ISt 1 : r d.
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the jet 'sperlseg]r(},e of 2.5 barl. The al m xture_consi sting of 5. 7@? of
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230 g of thecodilgioes,siasmodkitkan ietd comsideritidnilered in a pressure nutsche
with a filter surface area of 20 cnB and then washed with a m xture
consisting of 82 g of tertbutanol, 42.3 g of distilled water and 1.7

of conpl e g - The washed filter cake was
g TPl eXc ARk IS AFRONEAerk i

mechani cal |y press two strips of filter paper and then
dried fd0 2 Krladifé@onaldeiyprogfierwaglicorhating B picd m&sQ% 1080 o/mol
(absol ute). (#? Gelnér al ipstructions, for producing a pol yether

car bonat e pdtiroPolygaH Pengethedipbavag anyeler messef 680 gfmaim one of

Cat-1 to Catg§. ﬁél?&h;rl@-ﬂé Elyéal cﬁ@[qqaving 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 polysther 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.
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pressure reactor w gas metering device. The reactor _

130C and rendered inert by repeated 20 pzessurization of nitrogen to
approx. 5 bar and subsequent pressure release to approx. 1 bar. This
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of complex-forming component K-1 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
15 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-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
01/39883,
A solution of 258 g of zinc chloride in 937 g of distilled water and 135 g of rers-
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 fer-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.
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butanol, 42.3 g of distilled water and 1.7 g of complex-forming component K-2. The
washed filter cake was mechanically pressed between two strips of filter paper and

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

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 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

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 fert-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 tert-
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 ters-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.

5 230 g of the dispersion obtained were filtered in a pressure nutsche with a filter
surface area of 20 em® 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-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).

10
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 terr-
15 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.
20 Then a mixture consisting of 5.7 g of terr-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 rert-
25  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
30 The catalyst was produced using an apparatus according to Fig, 4 from WO-A
01/39883.



20:3 0.-13 66.490%,£5lgs 63 20-2 0.16 65.0 12 Cat-6 31 2}, 7. 0,17 65 0

10

15

20

25

30

.28 -

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 fert-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 tert-
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 COy, i.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
COs, 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 info the

reactor continuously at a rate of approx. 1.8 g/min, whilst the temperature was
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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 63 202 0.16 65.0
12 Cat-6 31 21.7 0.17 65.0

15 *=comparative example
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10 2.  Method according to claim 1, characterised in that
(o) the H-functional starter substance or a mixture of at least two H-functional
starter substances is prepared,
(B) for activation purposes a part amount (relative to the total amount of the
amount of alkylene oxides used in steps (B) and (y)) of one or more
15 alkylene oxides is added to the mixture resulting from step (o), 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 (B), wherein the alkylene oxides used in step (y) can be

the same as or different from the alkylene oxides used in step (f8).

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 giycol diol having

a molar mass from 500 to 2500 g/mol.
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5 6. Method according to claim 1 or 2, characterised in that the DMC catalyst
comprises as the complex-forming compeonent polyether carbonate polyol

having a molar mass from 1000 to 3000 g/mol.

7. Method according to claim 1 or 2, characterised in that the DMC catalyst
10 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).



