- 1 -7 PROCESS FOR THE PREPARATI ON OF POLYETHER CARBONATE POLYOLS W TH
PRI MARY HYDHORAZ/0BB2 GROUPS AND POLYURETHANE POLYMERS PREPAREHEP2011/072489
THEREFROM 5 The present invention relates to a process for the
preparation of polyether carbonate polyols.with primary hydroxyl end
groups, conprising the steps of reaction of a starter conpound

contai ning active hydrogen atons with an epoxi de and carbon di oxi de
under doubl e net al Kani de catalysis, reaction of the product

obt ai ned WRRPGESSyEPRCTIHRrEREBARATION BT PR YETIHER LrRBE@NATEoR Y OL K| WITH
10 product: gl airie frv¥id el %Nﬁ@ﬁkcﬁﬁsdﬁNb"PéD?URF‘?ﬁﬁﬂ%ep YIHERR! SR ED
whi ch cont ai ns at ast one nitrogen atom per ecu excl udi ng

non- cycl i c THEEREI&RGMami nes with identical substituents. The invention
furthergore relates to polyether carbonate polyols obtainable by this
process, conpositions conprising these polyols and pol yurethane

pol ymer s bé@leqbrasentth’rvest@np@llages ksa probdse fcgilmhabparqbioh pépilpathqpobrpolase polyols with
ngfggeﬁwg Ex?n%lléfblryedr end g(% g]y&l}gn ﬁt%tga e ste@a%ﬂr\éﬁghotnloq' ngaéf%) Ep%p%unci contammg
hydr oxyl emdtngrlﬁjdpgerdatemi @ith e epoxiteaml czTrhal dnsﬂde)ﬁncht tiytibeneetal cyamde catalysis,

oxi de/ propyl e ur es SSIb|e (o]
ot o h coxEen 8 tEcrosh b ERst % bslip SPORRIY R hipieR and Buction of ehi
pr edonioantprgdupy (bkﬂﬁiﬁé,d Niyld e@xighe &,ﬂde gfthblmﬁesé\fce of Austalet whick esishibd et Byst one

the i nmpact process. |nstead, such ers.are obtajned ei r.20

by & pr oceddiBet FOHICE ARt &l aranE Sotarhr &e&l%em@wm%fc\%wf giriens. The
convent i onahvehi@se fedleAhdtsi @laldsOto PYBEMEE cééﬁwate PblybB ebthiMbiSttadhis process,
procedure in which an EO end bl ock is polynerized on to an | MPACT- PO
pol yet her SBTBISHES BRMRTisHghest Pabrals @é’tpaww@ne BRIYPEH Baspd orythpseypgtyols.

copol yether or a pol yether containing PO EO m xed end bl ocks. 25The

KOH process general ly has the disadvantage that this catal yst nust be
separ atléd épPpgrhrimpolysthariolyels prapaset by fejolengithrxanidy calalysic APMLatatgsis) are
and filtratjisg QalléaQMﬁA@T"ﬂﬂﬁthew*iﬁa’ Joﬂﬁkr?pr@&oﬁflﬁdﬁ'tlf s&;'aﬁidagjr Rk yPEdd groups due
formed as by-products, especially’in the case of | ong-chain

pol yet her s .to Bgsstem. &thie mecofethy lege oxige/riopyleand qxideanikiares §B@/PEY isnsssiple dulg aip to
the functi t I

appl i oat 1 onetitipofn P IEE IARAEHIEHREPRITR Guh ubm S il At end
of poorer ZGguahictthus nﬁh@cmémc onpaof prp@bayétstaed soelr indyediess g0 bhtained either
by cat ytiy IhC Q I .

i ox 02} nof Al T dni SRR, EES{ SERNLATH B RR0RR: catayyty or
(starters) ehaatspldz)K@H)i oviest twgatagd pravtdms invehiyh ﬁmEOmndewldchameﬁngraad §n to an

(e.g. Inoue st | yperi zati on of Di.oxi.de Epoxi de
Wi o ganahERgTne ol s RGS B aRhad M SRAPERPER N & L0 SBRaty e o
210- 220, 1968)yethdihdostalmiRO/BO reix@l endSlddgs.an H-functional starter
compound is shown in WD 2012/ 080192PCT/ EP2011/ 072489 - 2 - di agram
formin equation (1), wherein R represents an organic radical, such

as al kyb, alhkyd@u process @hsthily ﬁ@qhe BsaddiiteR tBANhRIcB@IySONGsRibE sﬂﬁ'ﬁa@é’d%ff in an
atons, such as, for exanple, 0, S, Si_etc., and wherein e an

repr esent éﬁpqnﬁtf%@é?ner éﬁﬁe&ﬂﬁé}e&ymemﬁ%lzi\}roa&aéf Iteigiu urthFrmpre Uit FifAR erpdpfinic

carbonate REA ¥RAupt Areeftald 9N by- #906“1&5 r@fié%tal’ly if? tﬁ’@cé&@%@ﬁ&ig%@maﬁolyethers Such
nmeani ng t hat bIocks with the structure shown can in 5 principle be

found in tletehipisiopéaioaps watyoler endugspynsiredype tF Awgtionglity of Hvéses@ép@éﬁ@eand make
nunber and l&emta hn Sgrta];nkh%ﬁﬁ)éaﬂﬁrﬁsdtﬂﬂglt t"lkh%{ %_B elzi? Qf’?éthatn)é (pU) [%rgﬁhcts of Ioorer

starter can vary and Imted er carbonate poly
shown i3fi equdity.on (1). This reaction (see equatlon (1)) is

ecol ogically very advantageous, since this reaction represents the
conversion of a greenhouse gas, such as CO2, into a polyner. The

cyclic car lT(hﬂateear@tﬁcm‘ofemB{Bﬁhél&afh@hatRpelyolﬁbchlmnbmmen oﬁarlk;dmtoe)des(rapmdes)
in 10f or nmul a d {:al%orln aloxﬁe n g‘neapsres%ngeugrta%ggnc op g[%ndtlonaﬁ sya?‘ter ¥ubatances (starters) has

been investigated intensively for more than 40 years {e.g. Inocuec et al., Copolymerization of
35  Carbon Dioxide and Epoxide with Organometallic Compounds; Die Makromolekulare Chemie

130, 210-220, 1969). This reaction e.g. using an H-functional starter compound is shown in



R Starter-EQ US 4,487,853 discloses a process for the

prepar at i onV8PYR B et her ester polyol with a high content PEF/EP2011/072489
primary hydroxyl groups. In this process, a) the reaction product of

a condensate of a 15 polyol with an al kylene oxide is reacted with a
cyclic carboxylic anhydride and b) ethylene oxide at a tenperature of

50 C to 12%idgrant PmGRRERASALIE W}ﬁre@pkaéﬂ?@gntﬁ b9 BRo@ni Rddvcal, smvds@g(yg alk91a8/1 or
hydroxyl groups and an equival ent wei ght of from 30 to

al kyl ene oxdeaptuoh Wycipcan@lsg cendpip pterpaimas: il aﬁnf&wa@elet% §b¢tcm‘é wherein
condensat e NAY AL &EM Y FhERE, a\‘i@"u\ﬂ%mqae {n‘b@ﬁ@t ?I%thfgr tho pgggther'%ggbgﬁat? polyol in

reaction with the cyclic carboxylic acid anhydride, a half-ester
obt ai ned. TFheatipg (Daqarelebniodfe wergiopdh asemnwnmq@atobéwé withikths stplca@fesliown can in

the presgen m%le% ﬁ‘aﬁ%d ;{rﬁtl@rﬂ%‘g}m {char%ha?e”bcﬁ 1 o%ii]r{égrQJ {fll ¥éi‘;thﬁ{e?:E, R} and

catalyst. The ratio o e equi ents of
equi val ent dength efhthe binslieasithe QI functietabityr ertge Sf@ftel‘fqaomaezpqmdcix inptplireited to the

1:1 to apprg fo' et Llyongfe éo@gfsh%)ag "B udfion @%ﬁl‘fglsc}gacggq%feg chlspr OQﬁ id co}o&mally

anhydrldels |nt e ran rom appr ox ely
1.5:1. A poksuadedntrgneisf snm:mtihhsaaq:t@me}iresnnte)f.heanm@rsgmmfa gmhlwus&)gay,emeita CO,,

with such polyol s is urt S ver. Us 4.4
does not déscrl%’z‘vnﬁow pory argo“a%%o&eéamqegcgr%d lop ccgapnzrtti) s%own in

can be loonvedttubd(I) mf@ma@hmshmtddumacnnrlya by-drodst! end groups wit h
an outlay on the process which is as |ow as possi bI There

consequently conti nue% to be a need for preparatio cesses for )OL
pol yet her caibonate a{@%yé&wm—mlnﬁs%ngn@dw!w )%DP . 4ang g D
in particular for ch procésses whi ch convert polyether bonat e
prepared by DMC catalysis. - 3 - It has been found, surpri si ngly,
that the object can be achieved by a process for the preparation of

pol yet her carbonate polyols with primary hydroxyl end groups,
o 51 8 10 (8, P S B RO o PRRS S0k P « v
epoxi de (alckiytberg peimiagietydakyl é’i&[p@ﬁlﬂ&h@pr&céﬁ’smhﬁe fehdtjon p@oduct dfRlcondensate of a
T Rl o7 B S R0 et BB S e o
on the totat aasmpbrdtuefioftsheceionisde. Thd torRBikbRYieAbtainsd Bbhyd BNGINRVEE 2 to 8
hydroxyl groups and an equivalent weight of from 30 to 45 and an alkylene oxide having 2 to 4
carbon atoms and mixtures thereof. The condensate has an equivalent weight of from 500 to
10,000. After reaction with the cyclic carboxylic acid anhydride, a half-ester is obtained. The
20 reaction of a) with ethylene oxide takes place in the presence of an active amount of an amine,
oxide or divalent metal catalyst. The ratio of the equivalents of the anhydride to the equivalents of
the condensate is in the range of from approximately 1:1 to approximately 1:2 and the molar ratio
of ethylene oxide to anhydride is in the range of from approximately 2:1 to approximately 1.5:1. A
polyurethane from the reaction of an organic polyisocyanate with such polyols is furthermore
25  disclosed. However, US 4,487,853 does not describe how polyether polyols prepared under DMC

catalysis can be converted into polycls with primary hydroxyl end groups with an outlay on the

process which is as low as possible.

There consequently continues to be a need for preparation processes for polyether carbonate
30  polyols with primary hydroxyl end groups, and in particular for such processes which convert

polyether carbonates prepared by DMC catalysis.



wherein the reaction is carried out in the presence of a double netal
cyani de 10CHPAMPBIPBMC catal yst) and wherein preferably thBCTELZY1/072489
product of this reaction undergoes no further purification with the
exception of a possible distillation stepj_ 2. reaction of the product
obtained in step 1. with a cyclic carboxylic acid anhydride; and 3.
reaction ofy {R@ef BEHC EurPnl?g 501y Qicht tHR oBfeBiRtaf be ‘ﬁéht{é?/e@t))h)( LRR&s Potitkleprbfration of
the presence of a 15catalyst which contains at |east one nitrogen

at om per nolobetiersarkenae nelyelg With mrlmeryélb'iir@xxlérl@ Brangs. eamnising Wietsteps:

i dentical subst llt uentréaché?'@f Q% Q(ggpo(af'lcli ailin@ G ive g'aﬂgnst Rttt Iaﬁ'bon
invention is that polyether car onate pol yol's prepare u

catal ysi s, which evenixidehndivithedratencrepbadalabylenep g of §lh @werﬁrb fcmmua (II):
20 techni cal i nsignificant deviation of the actual OH functlonallt%ﬂ)
fromthe ideal OH functionality, react to give ,gol yether carbonate
polyols with a relatively high content of pri hydroxyl end groups
(in thesfollow ng al so abbreviated to "prinmary OH dﬁbups ) Si nce
renoval of the catalyst after the first step is om

sinplification of theé"hsiré BI reppiserivbulressn Berlnd H?dé%ﬂr a‘?%‘( rgflicglrand with the
conpounds cont ai Ni NY paGkdoMBat BY(P“‘/oOIS;ﬁ@e@ﬂtQ&& 303k %9 weddnt, %Qseh*‘oﬁlliﬁlactbta@&%unt of
starter substance) which are enployed in step |I. are preferably
compounds wi t h (nunbéfe-cRpefagbrmpeyed il ciylsnecyles of fron? 18 g/ nol

to < 2,000 g/ mol, prefigrabin? eﬁ:%og/ lsrrgelrrl&p mﬁ it HO gregérﬁp lof aad%leW ntlé?alac anide
nunber of hydroxyl grouP per nol ecul from> < 8, preferab

> 2 to ! 4. Exanpl es caplyst{EMC ea’c@y@tmlvén@ngm%mbly tm ety predust off thisggaction
triethylene glycol 0

1, 4- but anedi ol , hexane&%éﬁgﬁ%hﬁﬁagghﬁ&g#gBﬁgﬁ% &%éﬁﬁlsgﬂgﬁ%F@EFnHansmg
trinmethyl ol propéne, gtaptiardlthe padicooblondd in plepf aeitlyd éyclit odrhoxghiv dpitd ahydride;
sucrose, cane sugar, graded starch and/or water. - 4 - < 2,000

g/ mol or a mxture of a) conpounds with numnber-average mol ecul ar

wei ghts of from3> 62 rgs/cmji ofttiee prd&6t gjtzrrmdd it alep 0. il ét&;deﬁel aaileimihe prekake of a

wei ght starter conpouny t.he f ol and b oun

nunber 1gverage nol ecGf'& @Stvé\? igfhferaggs ng&ﬂ‘? %‘34%‘60%;‘ q’?"@oﬁ“’&fj}ﬂglmnh
(al so cal |l ed "start ecyqialtatairs aminds tvhie idemlidaDstbstggentswhi ch preferably

each contain > 1 to < 8, 5preferably? 2 to < 5 hydroxyl groups.

Exanpl es of | ow nol ecul ar wei ght starter conmpounds are ethyl ene

gl ycol, di Q]rfé%d@ﬂﬁa@'dfctﬂé ;précedseicByimpao ghy GRkatich, 13-‘[]9@(1:%]@13@1@6029130{@@ polyols
di propyl ene gl ycoI 4- but anedi ol,, hexanet hyl ene ){col bi sphenol

A, bi sphend¥epgfe tW?feIPWﬁ EALY G AFich aewélhbah avgragg Fiolesplpr weights show no or a

pent aenyt hriidh@lal iSEdidad devidtioRBE{HR2cANSH FHEAbraliEX AR 18Sideft i Anb&dnality,
pol yol s are, for exanple, polyether polyols, which have been

prepared, feAct Exgiyfobayetlier sarbeae m@ssew@m@ reltivglyl ligh seotcat off ritmane hyghiexyl end
starter Corgll)@ﬁ@ﬁﬁ ARNIISRAX h@@%x»brwlat&owgﬁm@'d%ﬁﬂ@) %ﬂfcp%ﬁm of the catalyst

pol yol s, ave been prepared, for exanple, “fromt

abovenent i gffedthe fisst steris emrﬁ;émmpllf@pmn af dlae cwnallm@,essmhte@eeacmemdt er

pol yol s each havi ng nunber - average nol ecul ar wei ghts of fronf 450

g/mol to < 2,000 g/nol. 15 The epoxide of the general formula (I1) is

preferably Saarteepwrhmhdseqmbaiuit@ anptivehhyalregein stonts @ cdRkd I‘Wﬂh@hnﬂda‘amrtblesubstance)

hydr ogen, | kyl r |ca ect i

over al| i ol B, TReR ap e Fg oroeRER L Fiponidh HRELEESER MR, pleFuta

fromthe gr\mghtso:ff froned K lp/md teR 2860 pratol e ferabif 620g1mplrtogy,2| Q00kyadicdnddyith a

al kyl and/ Cr)llilm%g of ?ftlzlrl(();/yl gr(lu?)s %grnnrllo ecu'le & fy\gng Q 1t tge f({-)\{)?gferably > 2 t0 < 4. Examples of

these are ethylene giycol, diethylene glycol, triethylene glycol, 1,2-propylene glycol, dipropylene

30  glycol, 1,4-butanediol, hexamethylene glycol, bisphenol A, bisphenol F, trimethylolpropane,

glycerol, castor oil, pentaerythritol, sorbitol, sucrose, cane sugar, degraded starch and/or water.

H-functional starter substances {starter compounds) which are particularly preferably employed in

step 1. are those compounds with number-average molecular weights of from > 450 g/mol to



20 invention, the term"aryl" generally includes substituents fro
the group oVor8EWiERear carbo- or heteroaryl substituents, §36EW221]5”“72489
phenyl , and/or pol ynucl ear carbo- or heteroaryl substltuents It is
possi bl e that m xtures of various epoxi des. can al so be enployed in

t he process according to the invention, as |long as the constituents

of the epoxt g@OU’%/PﬁbUBlea aljalktuf'eaé)ﬂ a)%q@f)uﬁdg@\/lﬂleﬂ%b%l' a‘fe%gglhll(ﬁec{liak )welg|hfs of from
m xtures of various epoxides are used is also @@;SIb|e t o nodi

t he mi xtur e $a¥mel §f< W&’mczléalé?)%llﬁﬂel§W§tOé=‘ﬁma§‘éelsws } GORpE gt yn @9?91?‘/?@”@

the meteringqy (ﬁh:!lsywnl'?ﬂ%eg@@erﬁ@\ﬂoﬁ&ulgr welglﬁs Gﬁfr&ﬁa 4%@ %ﬂﬁ)lq’@a 2@@0 g/mol
enpl oyed for t process according to the invention. The al kyl ene

oxi des havi@lgo Zauedziﬁt%f welyolst dwrghen f@lowingy, whighnpreferabyecael comigie > 1 to < 8,
conpounds 1My 49 nsisting of ethylene oxide,

propyl ene gﬁ?ﬁe Y iﬁﬁléﬁgf0£?d£~ﬁ§ 3- but ene oxi de,

2-met hyl - 1, 2- propene oxi de (isobutene oxide), 1-pentene oxide,

2, 3-penten ide -2- LS

2, 3. Pent en GRS o Sh i G LERE Co iRl 1ol oByins ol
2- et hyl - 1 tﬁetﬁ)ﬂnm@ergé'cdxi ldeprogylemee glyydl; ﬂ;}ﬁemfdmt eglgcod)xil,dé)utanedlol hexamethylene
(Z)X?Ejgyl 1.4 &Pc% 1s he Xf,gebls :Iﬁ ogg%gf?ngeih&i( eprgpfn ec%tg)?i ecasoc))(rlo Pen%‘efepy?hr}ﬁ&?sorbitol
4- et hyllo- 1 aﬁei/foenarerwganm;plésuﬁathrtenpOIMslm; fbe examﬂqarmhethanm))xdlsj@thch have
cycl opent ene oxi de Gyclohe ten

Cyel oner endegl i YRR i M v g Peel BN G et gogstioqmpounes
mono- or 35palcpendss) Gh gedofallyleas) smebdfate pdiyolsanbich hh @l e pteddisd, for example,
epoxi di zed fatt cids, Cl-C24 esters of epoxidjzed fatt aC|ds

epi chl or ohy PR e eBsERHNISd Shrer SAPPRAAT GRRIGsE ] GO disee sbtre ROMELS eqefyhaving
- 5 - exanpughbenBihgt mgleyahdydighd diFom 24 50d/mell ty eizchob sghdier ,

2- et hyl hexyl glycidyl ether, allyl glycidyl ether, glycidyl

nethacﬂ§|ate and epoxi de-functional al kyl oxysilanes, such as, for

exanpl e, 3-The epoxide of the general formula gII) is preferably a terminal epoxide with a substituent R1,

| yci dyl oxypropyl tri met hoxysi | ane, | yci dyl oxypropyltriethoxysil ane,
g y y y“E)hlchpzan be hydrogen an alkyl radlgalyor anyaryl }'/a%lcaP%n connection ¥v1th the overall

gl yci dyl oxylmegm/.{ ttﬁé &mp%yﬁl éeﬁé}guﬁ il MEd hpbRuohRy ﬁaxltH@gM%lmeﬁmxgﬁ%h as
ilane, 3- 5 glycrdyl oxyproE et hyl'di et hoxysi | ane an

3- gl yci dyl onstisrlopipbk ef ipsenyh opyexaped lagk and/pr éﬂdwkyésbl whrnfctiohewih dhd owerall
t hat ? % 0 t

Lt 275 N s B0l NGB R kAo
wei ght to dlet}@a%l bybsmlnegntsuabasmﬁmdnamdhe pblatlleclleaambmtor bétempiyk sudbetitfiehnys. It is
((agglsce)éegz] ?p{gss l% %/hg mgxr‘grlgrﬁsn ?Teva,rrlo ox1 gs ?all?ly sWeDe loté'gtj n %Q Foog%slg?écé’v%uggh%o the
oxi de, par tincutiar, hylobf pr thé errratuiuyntmfrthe aroeidy hmnm-e(alel ifdeyndarrtbe gnipladfoedula (11).

as al kyl en ides. .The doubl.e netal yani de catalysts,. . .

ot al yot o THANERS oL UE ShPiSe gFe Segot ¥ HCRGEPG S R eiio of the
processsac ?acpb;dmgatetpwlsbmewmmemslyodmnag ﬂleklﬁmﬂﬁgl GenRfallpCdppkigesf Haoify LR @4 carbon
prior art (see S-A 3 404 109 US- 505, -A 3 941 849 |

and US-A 5 48% @2%5’ empigyed ot EQf‘%SFV@E@f ‘i"é&F ‘aY"é't'a'ésUrgf’ ‘Aﬁéh“"e"’ij‘?es %ﬁ"‘“g -
US-A 5 470 BlRrbokRtoths 408 f@r‘l&amg‘% eZﬂ'%@&@omﬂ%ﬁDtﬁ chBden A3a th%oup consisting of
97/ 40086, WO 98/ 16310 and WD 00/ 47649, have a very high act|V|ty in

t he hompo|e§1ﬁﬂfmﬁfétdFoW0@r er@Mﬂdé@U@ﬂﬁOFéw& Henssiice 2tppghyl-1,2-propene oxide

prepar at i onisghuthifl (Mﬁ)te qr peRfRhY 8kie, a;_t3 Né&iidhe loQMe C@ﬁ]@dhylsf 2 sﬁ&@&e&&aea@ln%@] 1,2-
(25 ppmor 1ess), hat in general it is no | onger necessary t

separ at3® of@ﬂeﬁlhe’ﬂéaﬂ&e&’f@l@ oKkidgd.3-hexeng W'@%éﬁ hexesd gride, Hﬁ@hﬁrlg%l)ﬂyltene oxide, 4-
active DMC rﬁé’%ﬂ)géhﬁg;}eﬁtquﬁg b @gth%/l 2-blteder oY ?%egtér?e oMé GhoctdnB oxide, 1-nonene

addition t e nmetal cyan dé conp ound
hexacyanocabaélet drdseeriel pxidand- uadlecomega)md@, d eivpécend rvgldea glamdhy(ld Zgpentene  oxide,

tert-but anoolu}efdie?l‘é ?n%ng)ggé[, ?‘éorﬂre%e %9()'“ )%EEI;' ecgfclopennane 0x1"de cycfoﬁexerlieaQXIde cycioheptene
oxide, cyclooctene oxide, styrene oxide, methylstyrene oxide, pinene oxide, mono- or
35  polyepoxidized fats as mono-, di- and triglycerides, epoxidized fatty acids, C,-C,4 esters of

epoxidized fatty acids, epichlorohydrin, glycidol, and derivatives of glycidol, such as, for



6 - Xare one or nore (i.e. different) anions, preferably I%n ani on
chosen frorﬁ”f)ﬁ"@”éqs&?ﬁ of halides (i.e. fluoride, chloride, BfdFgllo72489

| odi de), hydroxide, sulfate, carbonate, cyanate, thiocyanate,
| socyanat e, isothiocyanate, carboxylate,-goxalate and nitrate; nis 1
if X = sulfate, carbonate or oxalate and 5nis 2 if X = halide,

hydroxi de, &yapl! RethyNEIPGEHANBCE, ethyd QRYRNBERer, RS0y e YaybRly® e@Er, allyl glycidyl

nitrate, or suitable cyanide-free netal salts have the general
formul a (1 \gthes glygidylvipctharsipte ad sraxridsiuneiivsanaliylonsiianes: muty ps. gt pxagwle, 3-
Fe3+, Al 3+ g @ﬁﬁmpﬂtmﬁ&lﬁﬁ?&ﬁﬂ@ or mor &. Q#,m@ylm@bffofpwﬁe@{okyﬁvah@ns 3-

preferably an ani on chosen from the grou I .e. fluoride,

chloride,  lxsidydaypiopdirReIpoXYRjiac X de 3 P*ﬁﬁpwpf%w@wéé@ethe%we 3-
t _h| ocyanat eg{lgg&tg)l?%(?ﬁ%ﬁﬂ%ﬁdle{@%shh&cXlﬁ‘in?%ﬁrmdﬁ@%tb%ﬁﬂ/ltﬂfs@pr dﬂfﬁ%lﬁﬁ@ @QQCh case

nitrate; r 1° X = sul fate, carbonaté of oxal ate an
= hal i de, nymmmexso@waé)t% by torrighi (e 20 B, byi weiglyidhasadeon the total amount ofepoxnde

I sot hi ocya gl%?{lé%)@m g oRide. ni)[te eﬂb%%%?%ﬁh@%%?&%aw \qlvgﬁtr(ga%ed on the

netal salts gene or mu
chosen fr ortnttahanqmrt af emtdedﬁsemtbwed) afethydend owille axd 2r3@ %6rie werighinde & 100 % by

(i.e. di ffergg}t (b0 c‘?insthe ! 391] o %&@Q'(ﬁfoﬁ@g&@ ﬁp dpﬁgkﬁee o0 YRrtRitarly

hal i des (i I*aori ori
sul f at el0 cartfonaly@ureqyepy&ne pxitif)iacoongiatke as dlgdoyardte, | sot hi ocyanat e,

carboxyl ate, oxalate and nitrate; s is 2 if X = sulfate, carbonate or
oxalate and 30s is 4 if X = halide, hydroxide, cyanate, thiocyanate,
| socyanat e, Thes @bliblo Ciietantoganidardanaiylsa{bMar caialys@d) evhiclr aﬁuist.uahﬂle for step 1.
cyani de-fr egopn?)}maélrlzatlong of t ea ;\)/r%cé[sg gcc ref‘i?negrtca)' lthefn?vrelqtlflolnaareg k Iozlv nin prmCIp]e from the prior
art (see e.g. US-A 3 404 109, US-A 3 829 505, US-A 3 941 849 and US-A 5 158 922). DMC
15  catalysts, which are described e.g. in US-A 5 470 813, EP-A 700 949, EP-A 743 093, EP-A 761
708, WO 97/40086, WO 98/16310 and WO 00/47649, have a very high activity in the
homopolymerization of epoxides and render possible the preparation of polyether polyols at very
low catalyst concentrations (25 ppm or less), so that in general it is no longer necessary to
separate off the catalyst from the finished product. The highly active DMC catalysts described in
20  EP-A 700 949, which, in addition to a double metal cyanide compound (e.g. zinc
hexacyanocobaltate(ill)) and an organic complexing ligand (e.g. tert-butanol), also contain a
polyether with a number-average molecular weight of greater than 500 g/mol, are a typical

example.

25 It is also possible to employ the alkaline DMC catalysts disclosed in EP application no.
10163170.3.

Cyanide-free metal salts which are suitable for the preparation of the double metal cyanide
compounds preferably have the general formula (I1I)
30
M(X)n iy

wherein
. . . 2 2
M is chosen from the metal cations Zn%*, Fe¥’, Ni*", Mn®*, Co™, Sr*", Sn*', Pb*" and, Cu”,

35  preferably M is Zn**, Fe**, Co®* or Ni**,



wherein Mis chosen fromthe netal cations M6 and W' X are one

nore (i.e. UPAPEBM? anions, preferably an anion chosen fr&fm{fhé? 11872489
group of halides (i.e. fl uori de, chloride, brom de, iodide),

hydr oxi de, sulfate, carbonate, cyanate, tdi ocyanate, 5isocyanate,

i sot hi ocyanate, carboxylate, oxalate and nitrate; t is 3 if X =

sul fate, calhenakeroroXal affRrea)Gnlond, Hréferdably ¥nanfdadlchélen BYANOXIAE of halides
cyanate, thiocyanate, isocyanate, i sot hi ocyanate, carboxylate or

nitrate. 10Fkaliride grordsi Pupde. d%ﬁiﬁ)déyqff%ée rutiar. easpanateq pyangipn thiocyanate,

chloride, ZzideGandtfeORbHRCcyaRhBCatBH ML, oxERGnARREARL €, Zi NC
acetyl acetonate, zinc benzoate, zinc nitrate, iron(l 1) sulfate,

iron(11) brofi deX =iselérg caporatd Gsoxefate 2ebbal t (11) chlori de, cobal t(11)

thi ocyanat g, Qllic%elhgﬂljle) hﬁ#&ﬁ&e‘ Q%n@c@%n@&ﬁﬁﬁé Géok%an&ﬂetlﬁéﬂﬁ aMi biti@se, Of
various metal salts can also be enployéed. I5Metal cyani de salts which

are suitable for the preparation of the doubl e netal cyanide

compounds. P elieb Al dnidlae 4R RS Ahe LALAV KA i) (V) al a(C b

(A O(VII) ere I's chosen one or e’ nmetal cations of
the group consisting of Fe(ll), Fe(lll), Co(ll), Co(lll), Cr(ll),

Cr(lit), ML), Ma(tir), Tr(lit), %,%)ll) Rn(111), Ru(ll), V(1'V) god
V(V), preferably M is one or nore cations of the group

consi stliong of Co(l1), Co(lll), Fe(ll), Fe(lll), C(lll), 14111) and
Ni (I11), 25Y.,is.chosen fromone or nore netal cations of the group
consi sting OF 4 kali metal (i.e. Lit, Na+, K+, Rb+, Cs+) and al kaline
earth metalM(s chesenBench metangisrs 1&?*2;&13+Ba|2)r?*,A i's chosen from one or

nor e ani ons, of the al i des

T or P Bt a6 o st Disy URR{FRD GRPa® Predaiphi% £ oo Ehesk i s Eroup gf halides
t hi ocyanat gi..i hegiyanaii@ide] SRkl GYAMI} Bydré:add) Rxiratat éhrbdm(ta| Sfa@atd) thiocyanate,
nitrate and 30a, b and c are mtegers wherein the values for a, b

and ¢ dfe dHGEBACSIRACEATC1AROREE|OXXHE ANYBUEE] t has

el ect roneutigd [fth.,.Slﬂ.fatescgﬁ)ﬁ&ltl@roabkayaté.andZ 3 or 4, bis preferably 4, 5
or 6; c preferably has the val ue O. | es of suitable netal

cyani de sal'tis ldf péﬁl&teshmmﬁ‘éexawaﬁo&waw BOPENgte, indhiegranaiincarboxylate or
35hexacyanqfygfg ate(11), potassium hexacyanoferrate(lll), calcium
hexacyanocobal tate(111) and |ithium hexacyanocobaltate(lll). - 8 -
Preferred double nmetal cyani de conpounds which the DMC catal ysts

accor dizg P slibBil BHEIAAI AN A EoGRAPRHAAE (0f the general

formula (VI

M(X)s V)

wherein

25 M is chosen from the metal cations Mo'", V** and W*
X are one or more (i.e. different) anions, preferably an anion chosen from the group of halides
(i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate, cyanate, thiocyanate,
isocyanate, isothiocyanate, carboxylate, oxalate and nitrate,
s is 2 if X = sulfate, carbonate or oxalate and

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

nitrate,
or suitable cyanide-free metal salts have the general formula (VI)

35 M(X), (V)



wherein Mis as defined in formula (111) to (VI) and M is as_defjne
in formul a YOrP12034H3 X, X', y and z are integers and 5%/ AR 489
such that the double netal cyanide conpound has 10el ectroneutrality.
Preferably x =3, x =1, y =6 and z = 2,7- M= 2zZn(Il), Fe(ll),

).

Co(ll) or NN(Il) and 15M = Co(lI1), Fe(lll), C(Ill) or Ir(ll
Exanpl es ofwistdif abl e doubl e nmetal cyani de conpounds are zinc
hexacyanocobal tate(lI1), zinc hexacyanojridate(lll), zinc

hexacyanof é\dr‘%ﬁhé?fqnlf’(‘bm maebeiPey YpY 2pbWacyanocobal tate(111). Furt her
exanpl es ofx s §dkrendioubl alfﬁ%?an%M@%Q&aﬁ?@HQHﬁQ%h@ééﬁ flof M€ gfRPRE halides
e.g. in US 5 158 922 20(col um | i nes {f Zi nc

cyanocobal téa¢-efitaridy. phdorsigr brostifearipgidg)r Bydspiss. ysulfatedcartanateo pyae e thiocyanate,
conpl exisng 113609%@515&9{3%%@ Jaﬂ%xﬂﬁt@%ﬁl@ie'ag@n%tet he DMC catal ysts are

di scl osed, fof exanple,” In 2 (see in particular colum 6,
lines 9 to tés) rf?ijss@famwrmgte ouw:lsatem 505, US 3 941 849, EP-A 700

949, EP-A 761,798 —JF & 3; 7 q i
Wo A 577 200885 B egédr%pfl'yﬁc’mgetg sy udﬁ%ga“%%er aaﬁgeﬁ%&ﬁ%gﬁﬁ“@ aboRlate or
het er o at omstratsuch as oxygen, nitrogen, phosphorus or sulfur, which

can form conpl exes with the double netal cyani de conpound are

enpl oyed as organi c conplexing |igands. Preferred organic conpl exing

| i gandslOar e&xamplehof smtahllectehydieﬁc;e ikethloabs areezm’wecrlﬁqude,smm broméde egies jodide, zinc
ch):: gg?“ Cnl(:z)lr:f?‘lﬁ?tg zn?c a}ceta gﬁeg%naéer ém%lF nzﬂaslzmb:%gtha 1roaég gyt léeaEl‘OX(HB)[)I%];TE(Eer ﬁgn(ll)
di met hoxy etchivmies., cob?nﬂ]l\]\ﬁﬂlmhds,odzd}bbﬂt(ﬁ) ahibpfaaite,Cniaket(@ih adhiorids wath riskel(ll) nitrate.

et hanol a n- but anol - but sec- but anol ,
et but andl R ARoRE ol PR cin a0 BaatPBYtb hy < 3. but yn- 2-01), and
conpounds whi ch contain both ali phat| c or cycl oaI i phatic ether groups

and al i phatic hydr yI gr oups (su a . ethylen yCoO

mono-t ért - %ffw@v%‘e%ﬂ ts H{“é?ﬁwévﬁé’ 9@8@%%011%%6 fﬁwgiﬂme&l fignide compounds
tr|propyleqﬁﬂghmgquwmygﬁaﬁn%hmgghﬁg and 3-net hyl - 3- oxet ane- net hanol .
Organi ¢ conpl exi ng |igands which are nost 35preferred are chosen from
one or nore conpounds of the group consisting of dinethoxyethane, -

9 - tert-butanol, 2-nethy|-3-butqqaaw@¢N)%Aﬂethyl-s-butyn-Z-ol, (VID)

et hyl ene gl ycol nono-tert-butyl ether and

3- net hyl - 3- oxet ane- net hanol . One ore nore conpl exi ng conponent (s)

fromt coppuind cl asses of polyethers, polyesters, 5

pol ycar bonat es, pol yal kyl ene gl ycol sorbitan esters, polyal kyl ene
gl ycol gl yd‘fidiylch@stehéml o'pocwa@rymfmﬁcdféons 6t growry bamistes QfoEeélé)r yE(lg), Co(Il),

acid), poly @, C a

pol yacryl onclﬁﬂ?j ér?u)po a?r IY)acrwléitlguﬁ Ng 15%9‘@}’ %irrgu)hvé ?ﬁ ng) preferably
pol yvi nyl rM‘t 1|51yshe atthee mejrd Icgmnmysf thetetopb cemslmemg op OO Q‘Q(III),aEnéH)aFe(,III), Cr(1ID),
pol yvi nyl B ‘:’N&Qﬁl y-N-vinyl pyrrolidone, _

pol y( Nvi nyI e-co-acrylic acid), polyvinyl methyl ketone,

pol y(4-26i ny Bf’tﬁﬂ&h)fnon'p@ie)t(rmfyhlbt@l caﬂi@ns&ﬁ'ltl@b— goustoysieig)of atkiRzeta (ie. Li", Na',
pol ymers, nes, cg+d and nal QL aphydri de

copol yners, héEJ g‘b ‘ﬁg}'?gé‘@? F%ﬂhd% ﬁm%eg/{gal 8 S he gl yci dyl
ethers, gl ycasindes, fr@bRO¥ymbe aaCdn@I oealk%mpafonsaaingfowmsnidemad. fluoride, chloride,
al cohol s, hile acids or salts, esters or am des thereof,

cycl odext r i9aNidpHEdERoREx KM e sarbopalct cYiAYE hiosyBdeclirByIRA isethirsyanate

esters or i QfbeyIbldkAGR or Qlﬁrafe%@rface active conmpounds are optionally
enpl oyed in the preparation of the DMC catal ysts. 15
a, b and ¢ are integers, wherein the values for a, b and ¢ are chosen such that the metal cyanide

salt has electroneutrality; a is preferably 1, 2, 3 or 4; b is preferably 4, 5 or 6; ¢ preferably has the

value 0.

Examples of suitable metal cyanide salts are potassium hexacyanocobaltate(IIl), potassium
35  hexacyanoferrate(Il), potassium hexacyanoferrate(ill), calcium hexacyanocobaltate(IIl) and

lithium hexacyanocobaltate(I11).



Preferably, in the first step in the preparation of the DMC

catal ysts, YREUYH-WAs sol utions of the netal salt (e.g. zi RET/EP2011A072489
chloride), enployed in a stoichionetric excess (at |east 50 nol %,

based on the nmetal cyanide salt (that is.¢0 say at |east a nolar

ratio of cyanide-free netal salt to netal cyanide salt of 2.25 to

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

hexacyanocobal tate) are 20 reacted in the gresence of the organic

conpl exi ng Hrefgaprhdovpls. metakcypnideepmpqunds whidh the MG cyglypie Aepiiinaptheninvention
contai ns t hendRubl &nifehfls of Rk tRmmAREn(e. 9. zinc

hexacyanocobal tate), water, excess cyanide- free netal salt and the
organi c conplexing ligand is forned In this context, the organic

conpl exisng i gand can be present @g{tjeous sol ution of the (VIID)
cyani de-free netal salt and/or of cyanide salt, or it is
added directly to the suspension obt a| ned after precipitation of the

25 doubl e netal. cyani npoun oved to be advantageous to
m x the aqd%'l?ﬁf‘é” FG%‘?%‘I‘} Bito Q@Hﬂ?ﬁéaﬁ ee netal salt and of the
met al cyaniMgs gadein@nigd f&hﬁlaqw@rhhg conpl exing i gand wi t h vi gorous
stirring. The suspension formed in the first step is then optionally

treated wi th Xa X thh e BEagF eRY A @Eﬁi?oﬂ'é’htﬂlat Ithe f“hib? Befak exepide cp@pound has
conpl exigng GREBERy] S preferably enployed in a mixture with water

and organi ¢ conpl exi ng ligand. A preferred nethod for carrying out

the first 30step (i.e. the preparation of the suspension) is carried

out enpl oylp?gcel%bﬁn Xing nozzle, particularly preferably enploying a

jet disperser as described in WO-A 01/39883. In the second step the
solid (i.e. XThei plectbantzof. t he catal yst according to the invention)

is isolated, known t echni ques, such as

centri fugatl on )tP& ratl onwﬁl)géﬁ) In a preferred enbodi nent

var i antl5f orMt=h@o(pihead 1Bt Croll) of Irflie cat al yst, in a third process step
the solid which has been isolated is subsequently washed with an
aqueous solution of the organic conplexing ligand (e.g. by

resuspendi rixamplds snﬁbsmwednubreememlecbzahsleIcatnbolmdbyaref zih¢ hetacymoabaltate(IlI), zinc

trifugat L ubl
oy- pr ocuct St RuleDiT AR (sl TRED ol cobB FLASOR b Fuppu. Fucter
catal yst. Rxshgteabf yuitablb eloals® Wittal fyaridegeotpoutd3ngmé &Xbﬂ@odnﬂ%‘ldn ius $ heg 922

aqueous._wash sol ytion ween 40 nd % bhas t ot al
sol uti . 1! F‘H'ég‘ s‘iﬁé‘“‘?%‘ﬂ%@?a %Hﬁ Efﬁﬁﬁ’@”%@hﬁ&%&ﬁ% SHr e

optionally added to the aqueous wash sol ution, preferably in the

range of between 0.5 and 5 wt.% based on the total _sol ution.
mor eover adi}em@geeaepkéwgﬂlﬁ@dé aided i SFePiomeete P sy ee S’éCIOSed for

washed nor eexalﬁg B, iRTRS 158@02 t&ak $ &rtg:ulaTr Bfurhh b ahewe%w@maﬁopqms 81 505,
be repeated wever, it is preferable to use non- a ueous sol utions

for furtherUhasHi rﬁg@oﬁeﬁaﬂ? ; EBAg761a708: JIP drld> 643, Srgahi 0818 oRfiideite A3 and
I'i gand 23”0' WHrA 8140 P& &%H?&@&ﬂBl% or-,g%'ﬁc %&hb&u&‘ﬂvﬁﬂ h@f%ﬁ) RERE such as
i sol ated and optiona hen dri €d, optiona
pul veri zat |oemgenamtrpmp1elmamh9rles>r etilfurmfgdn@nédarnﬁ@nmplelc@@wah émdouhi@elptal cyanide
pressures Qqf, .
Don pr ef or ReEP it FRRN B pirke ERRt B AR ko BE S B okl Rahes ar
suspensi on afpphéls,| didehydesrketones Iethng, ofers, hmides, | wes, mai@ aunfites ayd m'ggttire; thereof.
descri bed i 01/.80994. . The catal yst c
exanpl o0 1 Aty e Stkanic somPReRE RS iR B e BERNE R elsibsnetpene
and epa0i devdtdrispluBlrpliphaeid alceold (sadi a& ethap,isdpeopinAObpel, ddvcbutanol, sec-butanol,
preferablyfr m 251 50 p Int roce agcordin
i nvention, ¥ g?tgﬂoingf‘gg‘glégfg?tﬁ%?'o?ﬁgitzé‘bet}iy f@@’“‘@p@iu C(OPHP?U@M%%EOM"
et hyl ene omcdealtpﬁattchﬁ c@AbAphatRfetith gropd andQuliphdel @@ teroubt (0aBashOe Bthylene
found that at higher ethyl ene oxjide contents no sati sfact or%/,
glycol mono-tert-butyl ether, diethylene glycol mono-tert-butyl ether, fripropylene giycol
monomethyl ether and 3-methyl-3-oxetane-methanol. Organic complexing ligands which are most

35  preferred are chosen from one or more compounds of the group consisting of dimethoxyethane,



35epoxide (11) can be renoved fromthe pol yol obtained. Purification

st eps whi chWarR2B1241881%2sel y not used on the product woul d be, PEAEP2011/072489
exanple, a filtration, a solvent extraction or a chromatographic
purification. Herein lies an advantage ofgthe process according to

the invention, since cost-intensive purification steps for polyether

pol yol s pr apapegdtys. by KOELBE 25 SSmah 3 nded: elﬁy@@eogpeoﬁ Shono-tert-butyl ether
purification step is no¥ necessary since the double nmetal cyanide

cat al yst s cad 3meathyil-3-cixetandyaethangtle product without interfering in the
subsequent reactions, and furthernore are required in 5only small
anounts. In step 1. (copolynerization) the netering of one or nore

epoxi des ar@heodre tnimee camplexingl carpaientGadrobethe apmpaodoldssesi afdotyathesupdlyesters,
or sequ%ntl %smq e, for

di oxi de to % chrH%neéﬁ ,alqopyg kgonc %col bsorb%a esttersg Bolgﬂg)ﬁ%}e I%Igcgl gglc{glyl ethers,
time. Pref E;:l’o@lal:ry]atrﬂir& palybworylanti@e-ch- m‘xyldEacth n@yz&r},eld ac'Bh@ol}*ﬁcarhb ragidad-maleic

one or nore oxi.des i s arr mul t a e s|
S oeuont 1ol FsRB eSS vah ey D acnBlen: pogST el Shvindometylcther
enpl oyed fq:l‘olysrjhlyt kesi sthef, ;ioh},engolayaitaepolpsa;r}bmmhel RolyWol iy Ipgiedetoh) gpoly(N-

t hereof can, b ri ed out si eQu equent
Case. separ AIB THEP LTS SBHE oo RE O Bt Ry CtiPhBgbapSiGeiic

| east tyo eﬁraXdocéeseley,eoﬁ@ctrﬁlee&lﬁﬁera pOlyelyTefeimifies, hbelcnadlarraed Qﬁalélmnhydnde
metering of the epoxides and of the carbon dioxide,

possi bl e t FoRslipsadydexyeiidesiploss andrnebrsiys. Oﬁrﬂecalxq'clykstheﬁ, glycosides, carboxylic
gradi ent - | i k@ BRIYAHREFuRAERO MRSIRIDBHIY id: or TAR, &0N1¢ 8Ndriads tﬁé}e&f cﬁcfo@@xtrms
epoxides during the réaction in the reaction mxture is preferab é

0O to 40 wt Pl%?sl’garr“ﬁ PRTRodRdsy o fruasasyaipi garboxglic acpdesirs ofiome srfags-oF Efeslgpeyactive
>0 - 15 V\'tcorébédn'as %%Bn&ﬁﬁy‘?er{?ﬁ%ﬁéi if the (pRBaMES i OHMCNGal,gRCT | ON

m xture). 20Preferably, an excess of carbon di oxi de, based on the

cal cul dtted anpbunt of carbon dioxi de incorporated in the polyether

b t
Gor ot Rl kST o2 AR, IS SONDERS il or
anount of owatdealt .o xirdehtaide)bempleyedriniarsedchidnzettidexceps datdedst P mel§tiy based on

d th
undger the R Hel%giz@a Bfe sﬁﬁ (Sh%nractgqglf b f% 2 Mol {aﬁé‘%? fn;JebrﬁeW etzg:ISaq(?({ metal

120 bar, era par | 2 rom
100 bar has:y;nrndn/sed of 2.25 251.0® aadvhuht agebcbsanmls salh(e gop'c&aisailuhl lpx:&s&wm)altate) are

(absol ut.e) fo ol rization fo
ol yet HIr dilsg s TRBROASIFE el pbinfiboriiieind inbleS ok bt PRamD: 4ot wepension
process acogidi dogtaind thehdubR\isatdl Icﬂa’mdehﬁtnpbthﬂ (6 @pﬂﬁmﬁdyzmblﬁﬂhﬁ‘ep fwatch@xcess

preparation of t ol ye he car bopat e a ousl| .

T red oG BB HEdr R RO PRE B LRy & AGmE. Thant S oreane
pref er abl y @mpiéQink GgditiQafc b Pebsah@ inythP agileb@sbofsiby opmefcsaernetalfyeeaﬁetﬁ@art &hd/or of
130 C. If tenperatures helow 50 C are 30 established, the reactian

ceases. At ‘bempalaptifesiapbld akded ericHy toyfhe gespension aRiined afigy) Reecipitation of the

byprodugt s doGE BREESyafide 8bthYound. L1t had pfdved RATBYBitae@oul & BRIHE KftedRBbIutions of
under the choice of pressure and tenperature CO2 passes fromthe

gaseous st dhecyaside-fee gstahsalisng|of themefal qyaniflq eplfiagd Hedyeanicsepmwiexingtlisard with

i qui d st atyg,, SOWBYRE, TR RskAloftsNePf RAARALPiskS dpBRGHY redSd Rith  furth

solid and ca 01‘A-A(rgren pgss i n%l% t% I|9'E::|u:%dt ﬁ?%rlpgupergr?'ﬁ gare ?qh?é u_ °

st at e undercompkxing gempanenic dm thist ¢<mt¢st ctlrrmeaerrplexmg cpmponelnhlsaarqffmablbr@mployed ina

enbodi nment ot . i j i

cal I ed ~ serl $fh duePlnd ikt ?Oﬁfr%rﬁﬁ%%%&’-ofﬂéfe%?fe?r?)ﬂ%gwﬁt\‘%ﬁtﬂef?ﬂg oft i

pol yol 80 catepdie. aﬁneqxe;ﬂmtrandfthheudbhdﬁm@aisaia;rs:ﬂ oatr@nljlcmntg' amixng mtzlggagiedarly

into the react @ . aet t 1.S§ Crlbe %Wm)lecular

wei ght | st and SR Bl e *dy 3o Rerdae BRI R her wi th one or

nore al kyl ene oxides Bl). The sum of the 5 armunts of starter

polyol s anqn lthoevgecrg?lligt%]laj lrh%rso & t%e g}eglfrgoerlef &gnggl?sqggco?ﬁgl t8¥heeqnvention) is isolated
from the suspension by known techniques, such as centrifugation or filtration.

35



30 Particularly preferred reactors are: tube reactor, stirred tank,

Ioop r eact oWO 2002484 B2pr epar ati on of the pol yet her car bonatePEGTE;PGP1§m72439
in a stirred tank, for safety reasons the content of free epoxide

(al kyl ene oxi de) in the reaction ni xture j@f. the stirred tank shoul d

not exceed 15 wt. % (see, for exanple, WO A 2004/081082; page 3; line
14). Int helnparﬁg@fr@& Erﬁlgbd%entt Qgrlaqpk&{%Jlﬁ'gpagzﬁfogg@%eca%ﬁ@plny Qkfird }ﬂ'oéeg@step the
sem -batch use and also i n the continuous use, the neétéring rate

t he epoxi desobfiorhlich hakdeesf r;pletebes subsesely weshedt dithghyaquesys s¢lationt ¢fethe organic
epoxi de re ffj t. . Of .
epoxide in fohgﬂe%h f lngq re g‘%%dﬁgdasn%lrsﬁl P See uet]ngr{f:(ne%g 1tédc?)ét't0 eb:'I fiifation or
metering i meofrlfmaom)dél dh)esnfmotr déxc esuhpls witerdplubie b)&Prpdlsmi b:lueh ta@ potassium
I’)I‘eggslupeSt (r;]e cﬂr{dtgocgipgyégg(nl‘t q'gc)l( ?Ogtd&% cna?\l}l)ést yPrf&%rangS&?%t[nlan %%Isr I);{mltl? f:%m?lexurl_g ligand
It i s possiibltie gnaasahdhysotution rsdareeas:embamdt&ﬁ Wtd’@yélasedlbnttlte tbtelsolitionnst ant
the CO2 pressure during the addition 50f the epoxide. A part of the
addition of the epoxide can also be carried out in the absence of

Cx2, for exantt ehirdstop,dfFthdrocdaipidxthgUgnepopaits aﬁeqinbmm}»oéddédqe) tHeSaffutdul Gvash
copol ynmer fr ure e oxr e. The actrv ted st-starte ] xture

can be (furstoﬁrﬁlf’? Pétfﬁfa yife Fiaé'ﬁe%bteﬂ”eé’b >‘<‘|aa %’%?F%B‘h%ﬁt%%sgbu?rh t he
stirredig ank, but also in another reaction container (tube reactor or

| oop reactor) 10 In the case _of a tube reactor, the activated

catal yst andISSPARever adyaptageons &58ie 0id athirhdas Besn il Qe arashsd mpse ghan once.
cont i nuous| portiiks @YY hedfirktURRhing MPeraBbAant Rl dePsite@l HbW& eF, ARG Jr&Brable to use non-
partners vary according to the desired polynmer. In a preferred

enbodi nent , 298g4B 6 NG Xqrflrthes Waghing eparatipnshg-at miture of csgppisreepplexiggligand and
form that ﬁlﬁhér(gmﬁ?l xi¥k EdriRhdfs. | Tquid form in order to render

possible a better 15 mscibility of the conponents. Mxing el enents

are adviBnt ageously installed for better thorough m xing of the

reaction pagt.n b, 2Shaak € e 8 1l

M kr ot echni k- g(%ﬁd@)% hat ?egétlsm%%gg?ptl&%] o@%g&ssf QP%' @&{ap{l g?"}f ﬂsaﬁer
terns to estudskizaiont alrtbmbeeattlret boiv geoerdi 204 oh@) Wi e upderdpressaepafrom in general
m Xi ng, so 2 profile is present. 20Even | oop
reactors ca(sni]%tgaﬁgé%mgl ér%{ghg%hrleﬁ%\rg tr on of pol yether carbonate

pol yol s. These are tube react ors with recycI i ng of substances. The
Ezgk?];n d? prelt'cael'tgé trr?erhoﬂ%%r 150 "%ﬂé Bg&} )P ?shtléolng Htg)agzl{ls gr%goglnsef"lfr?té Y washmg of
shoul d be | tawvriltdrRala e dryting if eabmrme ucwml%ttlmoe@hver sion, a tube

("dwell tube") is often installed downstream 25The pol yet her

carbonat e pol yol s obtained according to the invention have a

functional ith @falpt cd£BSEmploydd, efredxaiablé, Bf a Eérddhe, lbab@l & teabtal Gilghy bfystarter
preferably from1l to 6 and very particul arl)é preferabl from2 to 4.

The nol ecul BMPREIGHI §Pexige étlbrlawpxﬁdzret)ffpe 2 Rmbtogirkﬂ ARR and preferably from
particusar |y 1®psh & aBbyppP0 to 6,000 g/ mol. 30Activation steps (in

t he presence or absence of carbon dioxide) for activation of the DMC
catal yst enployed can precede step 1. |If the copolynerization is

carri ed C)UtIn thk oéetsé 5{;:‘3{!1 rjrgatg Ifhe 1tnbé:ﬁt19ﬁ qpﬁd:h@igagfé ﬁﬂt ;ncl‘.'tepalcrtﬂevéfi’)t)klg@ (Iﬁfcontams

t he DMC cat al yS can be carried out, for exarrp , Inthe stirred
whi ch is suitindepgenideyo dpkisyted af mostt3lﬂé?/o@mp@igﬁhétrhazacqununddhat at hlgher ethylene

alternative i C
t ube react O%xY%rc%m%Ht ?{??&gﬁﬁ%{&%ﬁgﬁﬁ}#@ﬂ{ '?trgmcyés% 9‘5&3% ler%tct%r or%I Iﬁéﬂ%ﬁ&eg&aﬁmm of
out in 3 tubepB®bsseactbtained.ne preceding step for activation of the DMC
catal yst can be carried out, for exanple, ina - 14 - first part
section of the tube reactor, or in an upstreamreactor, which itself

can in turninhkee @ntebbe themesent ind¢ntian,St isreheichgedithat thAcsitie protluct whihe heaation from
part amuntste%fl turr’|1 erg eg)gtloqvertlgelr lp?_lr’iﬁca%'grlt %rlltﬁlt!’ré/ eyicgptr[ogeof Fglrpe()ggglg %lstlrlat%tep This
distiliation step is consequently optional. By means of the distillation, for example, unreacted

35  epoxide (I) can be removed from the polyol obtained. Purification steps which are precisely not

used on the product would be, for example, a filtration, a solvent extraction or a chromatographic



10 spot. In general, a step for drying the DMC catal yst and, i

appropri ateW 0L/489§Bnct i onal starter conpound by el evat ed PCT/EP2011/072489
tenperature and/ or reduced pressure can precede the activation step,
this step of drying not being part of thejactivation step in the

context of the present invention. In step 2. of the process according

to the invephiion! @Ere‘ﬂ{ ﬂgsugﬁ aé&aﬁ%§to?9hel rol:és a@&)‘f'&lﬁ% td et #ﬁ%n'tloh NsinckOcost-
this reaction, term nal hydroxyl groups oP her carbonate

pol yol obt aintadveapwificatiant ebs\ipt Pplsf:ﬂ@y@piyelsamp@tsﬁWn the KU prapdsy @rd aveided. A
An ester bqg |

car boxyl gr%garLtQ LHE aﬁgrill %tg%ﬂq{ot géacggnsgrﬂasﬁn%? mh&éggﬁ%{é%rl %&&Wercgtgfgstg ﬁ‘ﬁremam in
reaction i sthoprmd@n@tlmoy “ctaoutumtfem'g i ‘rhetshlee@weislemlensoan@fudmralbme required in
whi ch cant aj ai nssn[%lt11 J.east one nitrogen atom per nol ecul e. Preferably,

this is an organlc no ecule so that the catalyst is an organic

am ne. However, non- 20 cyclic tertl ary am nes with identical

substi t uent xcl u ded. .. A an_an
suitabl e i SIS t feipglt ﬁc;;]) atlcrr‘g ﬂ};‘a 11(1: réﬂ%;)gton? gr %ﬁle%%/x S anr{M}I tﬁe carl?on cP oxide can
advant ageous! sartiddeows ahmltaﬂetoakly&tv secﬁ:emtmly,he bsm@s:eqmmorsheemta% ambh@ of carbon

anount of nj. en- co i ng cata based on the t i

e Teact i oHoTS RLPS o et s o5 by Sesgrpaver OF reatfiogy Pe PG fphitEpubon
180000 mpm d@g@% srrﬁévéry& 154@ nmwirah nk @f 6n65010|ﬁ&‘eﬁpm1@d§ds ebfiel gt efnantaidoysly with or
1 ppmto< In this context, t ereactlonte ture in

st ep 2. carﬁeﬁ‘é‘?nga“?/dé"‘Eeoca@"ﬂ%‘déﬁ]&?tﬁiﬂnéf@F%"BF’yW%ﬁ'@ 6 eEP‘%@? rsl@fl‘@b's of the
. of the 95 DEaRP cABERICPINDIY, tctdifg tRYQAhiOBe E£liad 6 sh@ulfah@)ug@aﬁtsé@smlany
of the product obtained in 30 step 2. with ethyl ene oxide. By the
reaction ofVit Heeagh Fa5e Reparatfy Beiprdngss Ortworﬁarm%@?teewbsmw at least two epoxides
hydr oxyal ky]re G@HRS:s @'hﬁxtﬁl‘ér vﬁ‘ﬂhe\’ﬁame 5 tHQm@@ﬁﬁg &¥Ghe él%ﬁﬁ%raﬂ@ b¥he c&Bortfioxide,
> 90 %or > 95 %of the carboxyl groups react wWth the epoxide and a
cont ent15of ipiy paspiplenty iy athgpize gpislops aligrngtingppleclstikeng) %dlsltwklkqtpelystmr%adqonafe
fron? 60 ”DAO(i/otlso T%%Ocdﬂgén%/&ﬁ& Bf ?{e@regmﬁesoﬁ)&rﬁm'gn@lg reacﬁor?-ﬁn théTPéagﬁ;dhl frixture is
so that the cata yst 1S an organi c am ne. However, non-cyclic

tertiary anirefesblyi>t thto Derith.qaiticsiatiy picfardit 3 0 a2 s w e nastad:feraldlp P di - 1§ wtde (in
the inventi X ich is not suitable is
triethyl ame(r%gh @!%Rﬁ s hgwgé}ﬂs l{i&rrg&gﬁmé]on & ni ng catal yst, based on

the total weight of the reaction mxture in step 3., can be, for

exanpl to < 10,0 m .. Rk I

oD SRR O St SR B G A0 ORI Sy, B PR
reaction teﬂmﬂpcﬂhtadlﬁl the pslyﬁber&arbcﬁﬁne pelyot, ii@ﬁipto@eck sihBO@hean the slowness of carbon

preferably?.8QC to < 135 C. 10Thi s st advanta eously foll step.

D b T act | yIoUGs orate: Fhaxginy Iae SR s 4 S auuea 41 HeoPLACHT R dFvide can
m xture frogedteeRindd v@ftﬁeecrveian@msme @fdet the phigiagibd rosetivh tdhditid@s. a6 kdnge of from
carboxylic acid anhydride. |In one enbodi nent of the gr 0cess acc%r di 9

to the i nveh?i §r20 ke pefositie léohiforirdaditplady awtsrably remdig h00 barjhas proved to
pol y(oxysal kpel RNskadeSlsy8hel(dvesll p?essﬁl% ﬁé@&h‘lﬁ‘é) foP@E ¥&olyn@rizaion for the preparation of
pol y(oxyal %I ene) carbonate poly (1 product obtai nabl e

starting fr walﬁethﬁrfqarhswsﬁalwolstIahe%ﬁlﬁbsmsmﬁsn t5gHng dpyothy BECESs AFFaHngfo the
carbon di 0xfgléih tikhe %&d@ﬁr}nenkﬂloﬁ%pt}ﬁaﬁ@paﬂtfoh (ﬁ*r{h@-‘é@&zﬁ% carbonate polyols is
functionality of > 2. . a nunber - average nol ecul ar vveltg

of fronP 45@1vg1t¢ﬁspusuocwleﬂ m@t @thilm "fm@e@vé}yaﬁgé() it 1Co nattipulgriycpypferably at
al so be > ol Qo 0
20pol y( oxyz{oﬁyl erqe)cd%lgrvﬁ% a?tgcu%gw%iq g@’b %eygﬁagﬁigﬂﬁﬁgelow ?‘0 C are
from 200 ngeseblikoH e rackor3a@sargAbfeniOhyes a'bluee OH Authseamazanolbendesirable by-
gﬁ{)g&?‘n{;ﬁ? \(/)VI ét{é‘ﬁt 198’Feg%sg%r8£tgzcor § Qrd abrréj oﬁ)eNen%L\:lj%cf; Bxat tlmndeLI'athfe léhglce of }))(rescsure and
of the genete}aberﬁmferrﬂba ffabde3 fRﬂnlﬂse Igysdbmsgsuate mefdiyas, patibiel ;ntcn~tlprr dipyid, and/or

I so-propyl, suBergHtE%tl quuslg (s:t-atbe.u lt-lg\!véve}, S(I(%)-zbclé{xg %fsb bg %c}ea to ‘51% rgalégo}'/ las a solid and can then
pass into the liquid and/or supercritical liquid state under the reaction conditions chosen.

35



functionality of from2 to 8 and a nunber-average nol ecul ar wei ght of
from> 1, 00003 80198 - 16- 10,000 g/ ol and preferably PEEHEP2011/072489
1,000 g/nmol to 5,000 g/ nol. Poly(oxypropyl ene) polyols, in particular
diols and/or triols with a nunber-averagqsnol ecul ar wei ght of fronf
1,000 g/mol to < 4,000 g/nmol may be nentioned as an exanple. 5In a

further enmbodi qRad; eﬁ{bo&i%rﬁbo(;fcl‘.%sls. opﬁlﬁgrgc'gﬁgac%&dﬂlg%z .{}@%%Hg&pﬁalsg fQQlled "semi-

cyclic carboxylic acid anhydride enployed in step 2. is chosen from

the group duteruseinghedblidreng)conghydre sthater payyla hgrderogiptiaindghe DMC catalyst are
anhydri de, . [ j ' [ .

Ut ner omtaris AGaRRFK heRaB0 Qe TRYED £ AR o moledhfly Bt starcr
cat al yst empipyeds are addepodtinud@ihstogdilns evithfone o mére aliy Bogpoadanbil ). dihagum of the
(A)amn of t ral .f (ILX).:. [R2 RAVI] |, - I Swher ei n.:

ko and 1B RS SAGHTr Pt TL B Byt et Y sber SRy RISl Megponas
R2 and R3 tlegetbhisr towl tlodnnef farét oompands/énngoytel émstéot. Areferabllyj thhakiedng of the
unsat urate 'nteger fr

or_aromatic heterocycle: n is, an m1l to.10;
S0RA i S hyg?\g d‘gﬂ:’acu quvglfeilghér&aétlt;glf ,mpoo[uhﬁdfanrdetﬁl? o iletmes more a?kylene oxnd]és are ended
- (CH2) " - N( Réril)l(aRdoiyly, svite BiwnmolRédilaravedehiRé@rt¢rivdmpamde akd  finf peeaivuat &fssne or
are hydrogen ah& | or, aryl;. or R41 and R42 together with the g,atom
car ryi ng ¢ HEHE UV ISR~ B4 oo B Geclbaang Tresomdc e amep g of more
25X i s 1@n idmyg@eloxideO® thert AetdiRd i, BleaginheSthoffirdt Aed gRBAT pdrt Afduit!bBoreXor imore
R5 R6'i-yrn-R7(X) wherein: R5 is hydrogen, aIkXI or aryl' . .
alkylene ‘oxides corresponding to the’total amount of one or more alkylene oxides employed in
step 1. The first part amount is 60 to 90 wt.% and the second part amount is 40 to 10 wi.% of the
total amount of alkylene oxide employed in step 1. After these starting substances have been
metered in, an after-reaction phase can follow, in which the consumption of alkylene oxide can be
15  quantified by monitoring the pressure. When a constant pressure is reached, the end product can
be drained off from the reactor (optionally after applying a vacuum or by stripping fo remove
unreacted alkylene oxides). The amount of starter compounds which are metered continuously
into the reactor during the reaction is preferably at least 20 equivalent mol%, particularly

preferably 70 to 95 equivalent mol% (in each case based on the total amount of starter

20 compounds).

In a further embodiment of step 1. of the process according to the invention (also called
"continuous use" in the following), the product resulting from step 1. is removed continuously
from the reactor. In this procedure, one or more starter polyols, carbon dioxide and DMC catalyst

25  are initially introduced into the reactor system in step 1. and one or more low molecular weight
starter compounds are fed in continuously together with one or more alkylene oxides B1) and
DMC catalyst and the product resulting from step 1 is removed continuously from the reactor, the
pressure being kept constant, where appropriate, at the abovementioned overall pressure during
the process by subsequently metering in carbon dioxide.

30
Particularly preferred reactors are: tube reactor, stirred tank, loop reactor. In the preparation of the
polyether carbonate polyols in a stirred tank, for safety reasons the content of free epoxide
{alkylene oxide) in the reaction mixture of the stirred tank should not exceed 15 wt.% (see, for
example, WO-A 2004/081082; page 3; line 14). In the preparation of the polyether carbonate

35  polyols in the semi-batch use and also in the continuous use, the metering rate of the epoxide

should therefore be adjusted accordingly, so that the epoxide reacts sufficiently rapidly and the



30R6 and R7 independently of each other are hydrogen, alkyl or X ,

m and o i ndWPSABPI%N of each other are an integer froml tSCT@TZIJM7Pw9
17 -

(O di azabi cycl o[ 2. 2. 2] oct ane, di azabi cycl.qg5. 4. 0] undec- 7- ene, di al kyl be
nzyl am ne, dinethyl pi perazine, 2,2'-dinorpholinyldiethyl ether and/or
pyridine.  conteditit ﬁ%@wdxyc@nn W@'r&abtl&ﬁﬁ‘lxﬁlpé 6fQﬂl§5‘s!t1|r1¥d bk aﬁ%%erqet&ﬁhg% @pepomde
2. of the process can kew se be chosen 5from the groups (A,

and/ or (C) desawet t?é@edAlrﬁ medo. olt ip h@sg@lgetpafeeql an e scarbox) diexide b‘emmuously or
described i bty Qri6ed (e eSpdiPRLERbon. 1
If R4 is hy Src%mg]ﬁlgﬁsﬁﬁg%gtap itggﬁ%an Eg}ogklg?g'grgyegnﬁ\t 0 ap ﬂﬁ rization. It I
pol yur et hanwsmlc gwaitual\lhemumwgemtwlewtrsrr teclaatsonattant fholGehprassprg dunng dlrk addition
with a poly |

e gange MeAREEBORL 1 paltbind RO SFERISMUR chiatsg . QAL oul BRI BUEDL of CO,
acconpanled%b%amphadm@msebombmrapnbbuemufﬂmrmmﬁmQQMpumatﬁamemsumbade
so-cal l ed "fogging or VOC (vol atil e organi c conpounds) probl ens.

Am nes of the general formula (X) can be described in the broadest

sense as arffh&()ac(rhitﬁi) Odtaljadn-étlaﬂerljﬁﬁturebdhebes(fhdﬂ&r)emfpolyhfenﬁﬁ \wﬂth Eoxakand carbon

hydr ogen, thes al.ysts ¢ kewi se be incor
oy ot harflonie s die e € PR ok Bl Factt OB TR rior RECYLITIR
formul ap(1 X), for R2 and R3 to be nmet hyl, R4 to be hydrogen and n to

2
A LR S N K A B o ER I

bi s(2- (di mafdylad f&@ﬁtﬁfub&é’lﬁ th&Jub® h tdb8STHelfolar! thtidsf ke b RE6ATPArBiers vary according
preferable, in the am ne of the general formula (X), for R5 to be

met hyl , R6 tarfbe Resied pobymsy dp ggeisienisd canbpdimonta figrben fligxide i megsesk iy fere in its

N- et hyI d' %B@a@ctc@m&ﬁ i Ss iESH Vitaldp Illﬂulﬁ ifoHﬁtﬂeérd&mo%ﬂé?rﬁosﬁﬂletdqﬁetter
process according to the invention, in step 2. the molar ratio of

cycl i ¢ Bnhyulistibidion of thy enmenepenty Niijpe eiweﬂ%@rwaﬂe&eow wptakel fop beftep frorough
1. is > 0. létxmlgjof bR r?ac%o;i{)annlzrs & Eﬁgsee{r@mabketeﬁ hl%r é}étn'pi% bySEI?rﬁQd %kroteéhﬂhpBTS

< 1.25 : e prefera
preferred éﬁbUﬂrhéh@,mﬁSQMEthgwﬁékla@mmﬁﬁvmgmvbﬁn%émh%w@ﬁvhohﬂmvnmﬂﬂwﬂs

step 3. t hew o%h¥l§)§d gh&(}’m}ﬁ\@'sg nlaf:@-g% ?lao naﬁ‘lg\h@?og% 019 gﬁsé}ftt rogen atom

per nnlecule pres a con pmto < 1,500
ppm based on the total wei ght of the reaction m xture. The cont ent

of the 2%at aé\%:a &reacf%frs can%ﬁ usadcfg tal}FS%reParation ]f Zﬁyethgtp carboaeﬂg Hgl ?i? Thfse are tube

appl i es"accor suc s a npl oye
18 - In a frstdrewitanbodlingbf subbtatdes meonses:ﬁ aakooplrcdabmg it of iidventage in particular

i nvention, in st 3..the | ar t] ene, oxi de to. hydr I
or oups. IS BRI AR Re el tedh op it B, RGig8 “bicppign KR e tow m
The rati o Caierad galiR@omplteQonvkrdidh, BEib ("dwdll @ibe'D iedfRn aditay2d dovthtréaml t o
<1.2: 1.
25  The polyether carbonate polyols obtained according to the invention have a functionality of at
least 1, preferably of from 1 to 8, particularly preferably from 1 to 6 and very particularly
preferably from 2 to 4. The molecular weight is preferably 400 to 10,000 g/mol and particularly

preferably 500 to 6,000 g/mol.

30  Activation steps (in the presence or absence of carbon dioxide) for activation of the DMC catalyst
employed can precede step 1. If the copolymerization is carried out in a stirred tank, the preceding
step for activation of the DMC catalyst can be carried out, for example, in the stirred tank which is
subsequently employed for the copelymerization, or alternatively in an upstream reactor, which
itself can in turn be a tube reactor or a stirred tank. If the copolymerization is carried out in a tube

35  reactor, the preceding step for activation of the DMC catalyst can be carried out, for example, in a



5The present invention furthernore provides a pol yether carbonate

pol yol wi t WRZHASHIRydr oxyl end groups, obtainable by a pr §&44d2011/072489
according to the invention and conprising a pol yether carbonate

bl ock, a term nal hydroxyethyl group andga.diester unit which joins

the polyether carbonate block and the term nal hydroxyethyl group,

and wher el ngLhe el FULER re@torl &I @an%st@%t}l:&tc}mﬂ%h .tgmﬁ iPthrfbd a tube
the end groups of the polyether carbonate polyol, is >

m | |iequivakstyr or d6tirpdrtarkg to < 10 nlllleqU|vaIents per kg The

pol yet her carbonate polyol is obtainable by a process according to

the invention and is obtained, in particular, by this process. For

det ai | s of Assplwhidup part emenrdnf éheieporitheflbf aptienaide thegréshecestt 41 atded to
\(/)\/In ¢ :125 ¢ %Lgl ngﬁiMJ Q?e(algé% aﬁ herdd(’\ha()glb?nl?e{(%optgljtdg?kegna?niq%retlgted a dampel[ziPure peak ("hot
tetra- or ppotpindickidompdh pakwmeohialthe ict@difieredtition iscerrist bht 1ehls§n|rahenk) being
oxi de, prop Iene X|de r et ne oxide/ lene o d/or an

Gost red seqtrattied S 1 reubrpfist butieenl hERiE ShfoRoR shli B RRE R Bifor me

pol yet her qamb:maatyet tl)‘h@lﬁix’écdsﬁﬁe[bﬁ dctivadiofi BRRketimd sphanh WnRthWBQM part amount

units to 55, nonamer un| era from>_50

< 1,000 morﬂfﬁg?/ lefjp, pide 0"2‘33’0 (—5’( éE %’8%’35%%0@%@3%{38\0@? 3156‘\1/9et8 the hot
by a dim@st epotit genex\MNaCA&pCtaﬂd@ﬂlgahé DMt R4lydt @nd, HEagpkeide] the fH-fuRetional starter
reaction of an OH end grqup of the polyether carbonate bI ock with a

cyclic car FORpPIH lwlﬂfam ﬁmeraa@e a fﬁraﬁefiuceg PEFSUSCY reseds Bie gativafign step, this
ring openi ngyp (ﬁﬁ@lﬂg%ﬂb&gﬁaﬁ-t%f\fﬂetﬁtl@rtlbﬂLt@;ﬂﬁ tRd R xt & 1o pr&schiNBvention.

hydr oxyet hyl “end group les of the cyclic carboxylic acid
anhydride are phthalic 25anhydr| de, tetrahydrophthalic anhydride,

succi ni ¢ anfygpibdgr tﬂ@ﬁ!ogéss DBRiity @MY HIdHEN, HdiGoMRE HEHRRD lcﬁeriEFé@tﬁ‘?rther In
pol yol according to the invention is distinguished in that the

cont entl5of thisrerctian. terpinbl hy disgnidsoups aEide p@imethqucalfoh@twcg plyaiped a¢ reapted with
pol yet her ¢ £ YO arrfei M iaG Rt QAGnRE bEIybNGA a furth
entirety ofaa{)ﬁgpg% Oyg %%cr&%ah? 5nate ;s)o'lsl;/&cr)lﬁtrrgﬁgj F@s p‘?’ﬁ theyr ang & urther
of 30 fronfree o@ruoaylgrd.l@ ar¢ bbtaimgdiby abavingsofighy arlltgdrlcteegamm ITbe geagfiont h@ptlonally
nol ecul ar t k

unsat ur at e‘(’iﬁ%rﬁ: out El t?le %ﬁi[llgé glgée hgggsrt% (.‘21 %§t§11ns a1|t le.lis %@Hlﬁoéern da onfl hgljnlolecule
functi onal iRryfemblyt hm qsah)oegdnarmclawh@raatﬂm trdatatyst d ag augeic amine. However, non-
correspondi n sadvant ages,, i. tion of oI ur et

ol yerd g P AP0 S0 e b PRFERGE S BT ae T AL A BF sy am amine
pol yneri zi nghittha rnmlsmeibhels téampaniat.df al cxmlysors dnipldyae isﬁsaidvafta@ththle same
by neans of DMC catal ysi s. 35Th§ pol yet her carbonate pol yol according
to the i nveRRPSHESIY TeB‘ébSS\‘H‘ﬁi‘Sf?é’ for the absence of unsaturated end
groups by neans of 1H NWVR spectroscopy. A further customary nethod is

- 19 - determ nation of the term nal doubl e bonds by means of nercur

y
acetate in H@@&P&&ﬁﬂf@'%g’f’%c‘?@@“ﬂ??‘%Lt@)‘ySthP?éedc%htﬂ‘%Fﬂtalcﬁ?fgba‘I°§6hed§a°$'°® mixture in

m i equi vak@nt SaR8e, f&gexalqplé bprh k€46, ¥G S, pred@hiblik 8 -50 BRMUE KBRI00 ppm and
carbonate polyols according t e invention can furthernore have

f unct i onal imeregrafgiatiha 19%?1@”@tcb$2f)9%l?ﬁm an thés cgptextnthe HescRIPAPerHisicghitap 2. can
in the rangg 0§, UtQQﬁSérﬂ’@Qﬁif??fextaQI < (}CQQQ1@QCS I n one enbodi nent of

t he pol yet her carbonate po ing to the invention, the nolar
content of primary hydroxyl groups |s > 50 nol %to < 100 nol % This
isto beu t ] t i r s
gr oups Conpr%rp; % o?ﬂl%ﬁ?gceggea%g&rggg tt(p%f_: 6 n §'|?‘I‘r°“§g'{}te§ H)I tHQ Eeﬁgfoag?iﬂétdgééaglcpﬁémed in
car bonatte pdpyd|withnethyd¢mal qx1¢ehB§/ thGSre'ao:tlosaXi timotaripaglegroqn dinhd pudyerhed warbonate,
nol ecul e. It ca exanple S

epect r oscony S HHIRE e aeg Py s PTG FRadiers B 38 0t aiva oot g e
590 nol % orcaftoRAPgroGhsnah&o With ‘Elle8&)0m?ﬂ|e%nd|a’lcalténﬂl‘dfhﬁi‘mzﬁjn’lh@dibﬂsﬂrgrom of from

the pol yet het, ¢ay bR ROt dS8 S0k Do il DYSRE nibfle> 1S

35 It is envisaged according to the invention that this reaction is carried out in the presence of a

catalyst which contains at least one nitrogen atom per molecule. Preferably, this is an organic



20determined with the aid of the standard DIN 53402 and can al so be >

0.02 ng of WORMH/8BI984. 9 ng of KOH/ g or > 0.02 ng of KOH g PETEX2E 1972489

of KOH g. The present invention also provides a polyether carbonate

pol yol conposition conprising a polyetherscarbonate polyol according

to the invention and furthernore: 25(A)am nes of the general formul a

(XI): R8 h

ar e hy dr OgRéIQolé(?lSPe) ?QMB%& kzpalyﬁqs %@%r%%w@ﬁge[ggﬁ%%ll VX\IAOR s Q@Ctgrﬁglé’ Sthines with

carrying t héemtlt:ajrsmrbﬂmeatm thatqluﬁedwqwdlug ae eld: ovendipo it ieganiae ef @!@}acﬂneamme

pis anlnt r. fromi.t istosay 1, 2, 3, 4, 5, 6, 7, 8,

9 or &g% 'Snﬂfaltgble'ﬁtroﬁ aépr}% al kyl or aryI or R10 represents
(C112)y N(Rll)(FﬂZ) mhereln R11 and R12 |ndependently of

each ot her .are et her

the N aCom ARG EREmeT srRE el s B PP B bRl b n
het er ocycl es;epys ican &¢) formndxeggle, 3 (®OPPnd t 010,000 ;iﬂnﬁﬁarelfaaﬁlp> saypi,to 2,5 0@0 pfm and

5 6, 7, 8, an1ne t he ner al rmu

R4 1 o o ot Dsfekttng S TR ek B2 Obe 4 Rt e ek Gppdiiype. pead. can

and R15 i ndgpemndenst kysofC aﬂqiﬂefamglz sare thydsogen, al kyl or aryl; r

and s independently of each other are an integer from1 to 10, t hat
is tosay 1, 2, 3, 4, 5 6, 7, 8,9 or 10; 15and/or:

10 This step advantageously follows step 2. directly, so that the ethylene oxide is added to the

reaction mixture from step 2. after the end of the reaction with the cyclic carboxylic acid

anhydride.

In one embodiment of the process according to the invention, the starter compound employed in
15  step 1, is a poly(oxyalkylene) polyoi (i.e. a polyether_ polyol) or a poly(oxyalkylene) carbonate
polyol (i.e. a product obtainable starting from an H-functional starter compound by
copolymerization of carbon dioxide with epoxide), in each case with an average functionality of
> 2.0 to < 5.0 and a number-average molecular weight of from > 450 g/mol to < 1,000 g/mol. The
average functionality can also be > 2.3 to < 4.0. These poly(oxyalkylene) polyols and
20 poly(oxyalkylene) carbonate polyols can also have an OH number of from 200 mg of KOH/g to
<300 mg of KOH/g. The OH number can be determined with the aid of the standard DIN 53240.

In a further embodiment of the process according to the invention, in the epoxide of the general
formula (II) R1 is hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-
25  butyl, cyclohexyl andf/or phenyl. Preferably, R1 is methyl here. The epoxide employed is then
propylene oxide. Mixtures of propylene oxide and ethylene oxide are likewise preferred, so that
mixed polyether blocks are obtained. Several mixtures of propylene oxide and ethylene oxide with

different mixture ratios can also be employed in succession.

30 In a further embodiment of the process according to the invention, the double metal cyanide
catalyst in step 1. comprises zinc, cobalt and tert-butanol. Preferably, this catalyst additionally
comprises = 5 % by weight to < 80 % by weight, based on the amount of catalyst, of a polyether
with a number-average molecular weight of > 500 g/mol. The content of polyether can also be
> 10 % by weight to < 70 % by weight and particularly preferably > 15 % by weight to <60 % by

35  weight. Particularly suitable polyethers are, for example, polyether polyols with an average CH

functionality of from 2 to 8 and a number-average molecular weight of from > 1,000 g/mol to



(C diazabicyclo [2.2.2]0 ctane, diazabicyclo [5.4.0] undec-7-ene,d

la! ky | ben?QI2ZARI8AB2 di net hyl pi per azi ne, 2, 2'-di nor phol i ny|P&TEPRYY1/072489
ether and/or pyridine. In certain variants, such conpounds can al so

be used as so-called bl owing agent catalygts, that is 20 to say they
preferentially catalyse the reaction of the isocyanate groups with

water to f r a I

ther cof wi th o Dag) ePha 807t B0 YFRES: SHPhoFhIROKARGIAR potvol,
conposi t i onnantictlediel andorsgold wite etmupberpykegenokelarveighit af frére > 1,000 g/mol to
preparation 95 dO@nXHE %l onddfas 4 EEWLtd nof f-active hydrogen atons

are present‘ t% e cafa s can be in orporat ed into a pol yurethane

mat ri x. Th| S reduces the content of volati I e organi ¢ substances in

t he poly hape et hanol a . L
bi s(2-( Cfl rref]hy Uétpﬁrn% olyhyﬁn?‘s % E% e]%roceﬁ_ Acco g e etPfh énr\]fglrnon ng cgcrzhc carboxylic acid
di azabi cyclah@irde Zdlmﬂmyademaﬂtep pr a$ e:lhbﬁd. from tﬁlaegrw gbrbpristiat emhal@ef anhydride,

car banat . Bergerantbalng i Stast ik s Sl bATRE Cxanpl e, >

10 ppmto < 10,000 ppm preferably 30 ? 50 ppmto 55, 000 ppm and nore

preferably ’> to 0 m The present invention als i
provi des a Bél WE%&M&”%P@%@P‘“ %f ageneiedo fhedmyepien § &Etfi&ﬁtr?"ﬁ’foyﬁd in step 3.
pol yi soey anati@si frd tepeduyebipdisipar bonat e pol yol according to the

i nvention or _a polyether carbgnate | yol conposition according to
the inventi@h. PHETES e episry et éﬁ@ polymer" also - 21 - includes,
according to the invention, prepolyners which are obtainable fromthe
reaction of a polyisocyanate with a pol y her carbonate pol yol
according to the invention or a polyet he ar bonat e pol yol

conposi tion according to the inventgon. éThe pol yet her car bonateS

pol yols according to the invent |R1h/ar\é%/w R®l e, for exanple Pt he
production of pol yurethane flexible foans pref erably of pol yurethane
flexible foans with a bulk density accordl ng to DIN EN | SO 3386- 1- 98
in the range of from> 10 kg/nB8 to < 150 kg/ nB8, preferably of from>
20 kg/ M8 to < 70"MEE ™8, and a conpressive strength according to DI N

ENf I SO 3386- 1- 38{2hz{hdmﬁnde@a@3nl t8f of e chrtithed ale th@génQalﬁyl]?JQaﬂgP@r(at 40%

p§| %TZE IhgzeaP | é%% feﬂdgt %d%ﬂ?ﬁic fror Pl tﬁgg@?@%ﬂ@%ﬁ%ﬁh@ﬁt@%ﬂea'ﬂ@a&% disapyrated or
the one-stage prggafar heRicetld;s known per se, nechani cal equi prent

often being used, e.g. that described in EP-A 355 000. Details of
processi ng equi prigAt ”’\V%P"cfi”f’ms“aloso possi bl e according to the _

by Vi cvg and Hocrt nc et e B g, ni ch 1993, € gt on
pages 139 to 26R4 f?bresepﬁl‘ﬁ@rléﬁh&ﬁél)ﬁ@%l“{ﬂe@m 15 foans can be produced
as noul ded foans or '

provi des a process fgirﬁt @ﬁé%‘g%ﬁ%ﬁ%ﬁgﬁ°a§3?t§/’5‘?"\é?ewé‘h‘%‘]‘? e ﬁrt g);lf oans,
the pol yurethane fl el end Gadrstogativdueiti thy N hien grmdes shent Herm an aliphatic,
pol yur et hane fl exi bl e ?altfn)rgted ];r ae}grﬁﬁlcr}]gte O%I ur et hane fl exi bl e nmoul ded

f oans produced by thi's proces “t he pol yur et hane fl exi ble
foams fxr the productdisnn fegarfidndi rgltand the noul di ngs thensel ves.

The pol yurethane flexible 0 ai nabl e according to the
i nvention I‘@g af“d?esé?ig‘ﬁﬁ?'k@m ?CPB{E' ]Flggﬁ owi ng use: furniture padding,

textile inserts, mat t resses, autonobilgsseats, head rests, armrests,
foans and structural el enents. The tharacteristic nunber (index)

i ndi cates the percentage ratio gf%u%lﬂ«q&%@\of I socyanat e act uayyy
enpl oyed to the stoichi ometri & 7e. the anount of

i socyanate groups 25cal cul ated for the reaction of the OH

equi val ents. Chaf§ei®ri stic number [ (i socyanate anmount enpl oyed)

(cal cul ated i sOGYRRREoAITHIRN o) dry1; 100( X 11) Polyurethane flexible
30 R6 and R7 independently of each other are hydrogen, alkyl or aryl,
m and o independently of each other are an integer from 1 to 10;

and/or:



- 22 - Exanples The materials and abbreviations used have the

fol | owi ng NWEHHI8EHE sources of supply: 2,2, 2-Diazabi cycl od&ETHT@Y11/072489
Al drich. Tetrahydrophthalic anhydride (THPA): Aldrich. 5Tegostab(r) B
8681: fornulation of organo-nodified polysi.l oxanes, Evonik

Gol dschm dt. Tegostab(r) B 87I5LF: fornulation of organo-nodified

pol ysi | oxangs, basehmhdt . RiElaticy AQ5Y@TRGL-PAYO!  MaliRf, Hhhi
nunber of ar‘@grox &g%gyc%:[ %EO%' prep éar (Ca)&(g rrla sC of KOH czgtlégl yrg&eyd e
addi ti on ofdlmptdmlpIpelnem@%?&émwﬂ‘idloe{lbﬂ@'htéw@ﬂmﬂldiéorlpmrldlh@ wei ght ratio of

85 to 15 using a mxture of glycerol and sorbitol as starter

conmpounds, w th approx. 85 10nmol % of primary OH groups and contai ni ng
8.6 W . % of Tifei datadyst (vbiopohryn;&iondhfslerﬂnimdﬂey infters yefeheprapds can likewise be chosen
acrylonigrile PET 2:..p et he ol wi th an OH nunber of approx.

28 ny of5t deﬁinl TheﬁrOUBs ?@d{ﬂaé én/%a(lgg l?f&—l— catal ysed addition of

propyl ene oxi de and ethylene OX|de in the melght ratio of 85

to 15 using t ]

bt ey O AR e ef A malsk Piaa FIBRURRH inthe, ProRRY i s apiy legpol or
ng of KOH gsthepy Ehﬁﬁbﬁdf Ry 1:mi?d16geﬁf thK@a‘l@@EtahylSBd irdepofatedninofa psloRyth@REmatrix
oxi de and et hyl ene oxjde in the wej of 27 to 73

Oy cer ol acihdhe pa b BRI AA TR v i R gt B davantageous in
(2, 2, 2-di azaBdrey FleRAEELANLencd 3f e cdtale, MEGLIRA theltadt Pampit eaﬁb@dcy&ﬁ;ba}ued by an
20Am ne 2: am ne catal yst (bis(di nmet hyl am noet h}/lc? ether, 70 wt.

strength i rflda?rfﬁ’mT RARleRy %tBF yoly%ﬁ@% syrface, so-called "fogging" or VOC (volatlle orgaric
N, N- bi s( 3- dipfpbihdk AirbKIeRy opyl) - N-i sopropanol am ne. Am ne 4: am ne

cat al yst Dabco@N 300, Air Products, Hanburg, Germany. Urea solution
(50% strength H20): solution of urea in water (50 w.% strength). Sn
cat: tin(ll3n@e! o8he géMDkorkulaftkﬁéhﬁ% cf‘e?d?ib@d thQbr'%ZdéeG se@eQs amino (bis)alcohols
4, 41- di phenyl et hane- dllsocyana

di phenyHSthaﬁ@rsdthrgquVa]h@peRaﬁa: lm@rqun %1@5@ catalysts can likewise be incorporated into a
pol yphenyl p@gaq W pol yi socyanate ("polynuclear MDI") with an

NCO cont ent c?xj g ?/{}E(y weight. TDI 1: m xture of 80 wt. % of

2,4-toluyl ene-diisocyanate and 20 wt. % of 2, 6-tol uyl enedi i socyanate.

30 1t is preferable, in the amine of the general formula (IX), for R2 and R3 to be methyl, R4 to be
hydrogen and n to be 2, or R2 and R3 to be methyl, R4 to be -(CH;);-M(CHj); and n to be 2.

20 Overall, either N,N-dimethylethanolamine or bis{2-(dimethylamino)ethyl) ether results,

It is furthermore preferable, in the amine of the general formula (X), for RS to be methyl, R6 and

R7 to be hydrogen, m to be 2 and o to be 2. Overall, N-methyldiethanolamine thus resuits.

25  In a further embodiment of the process according to the invention, in step 2. the moliar ratio of
cyclic anhydride to hydroxyl groups in the product obtained in step 1. is > 0.75: 1 t0 £13 : 1
Preferably, the ratio is > 0.95 : 1 to <1.25 : 1, more preferably > 1.02: 1 to < 1.15: 1.

In a further preferred embodiment of the process according to the invention, in step 3. the catalyst,
30  which contains at least one nitrogen atom per molecule, is present in a content of from > 500 ppm
to < 1,500 ppm, based on the total weight of the reaction mixture. The content of the catalyst can
also be > 750 ppm to < 1,250 ppm. The same applies accordingly if such a catalyst is also

employed in step 2.



The anal yses were carried out as follows: Dynam c viscosity: MCR 51
rheonet er fWORHBABBY2ZPaar in accordance with DI N 53019 wi t h PCT/ER2¢ip/072489
50-1 neasuring cone (dianeter 50 mm angle 1) at shear rates of 25,
100, 200 and 500 s-1. The pol yether carhqgpate pol yols according to
the invention show viscosities which are 35i ndependent of the shear

rate. - 2%11 a Qﬁﬂe@rembﬂa}de%fqge EIQ@&SETQJ:C%FCU ttﬁ@‘nvgﬁtloﬂr in 08, y3 %_&l molar ratio of

groups: by neans of (Bru deuteroch1 oro
Hydr oxyl nmﬂb’éﬁnewﬁhtqlh}ércaiwhgrotﬂpStlméleslr@ndalbﬁﬂ@ﬂNl SaPU0s EA@I%I 1'to=5.0:1. The

number: wi th,4Ne,,aj QbQQé_Qhel g kangar g dfjfyaéﬁ]éﬁ. 252 thg<natio of the

primary and secon ary roups was ter b means of 11-1-NWR
(Bruker DPX 400, deuterochl oroforrr) The content of incorporated CO2

in the resulti arhonat e .p he. rati .
or opyl ene (L:ﬁLar & prcselt 1n enElon Furt%FrH'nore rowgona (ﬁjwetl“;jl r carﬁaona’ce %olH)e tWé{h Brimary %droxyl
means of 1lnd-gNfgs, dlﬁmﬁﬂﬂu Ibgra, piDEYSs Ah&ﬂ),rdnﬂ@(fb I’tﬂdz;nvmios eanprcmgipasing @3Eblyether

waiting tine.dl .. 10 s, .64.scans). The sanpl sso ed.i.n

out e gt ed EHPBIS SR § iR Akt gSPa e antey SeRORIER ik figepolyeter

1H NVR ( basetbofdte TivEk anthhpmm)unar ey dasyéthy | coonep; arfdywher€in ﬂ&rrhﬂﬂaio&te(n\hﬁfitﬁ'hlinal

was formed as a, b uct t reson ce at on ..

eoul L1 e PBhE S Gl gt S e e e BT R B A

pol yol ,10wi tp3r k@ﬁpﬂm”lﬁlﬁﬁeq%tvaleﬁ@ p5r lag tme flolFet R RhrbbiliE RV R G aﬂlwm%y a process
pol yet her ol .(1.e. wthout 1ncorporate

resonance at 2. 4&?

carbon di oxepying e he r"éf%tf%?eégs %qta‘&edzmtl@""i"“@"dﬁrFP‘stpﬁ‘éFe% E"W&E‘%ﬁ@ﬁll%ﬁ’“”d'
i ncor por at ), RFrdde isThREHR AN kY bifrefbits Mﬁ&gfb’%éssw th a resonance at
1.6 to 1.52 ppm The nolar content of the carbonate incorporated in

the polyner in the reaction mxture is 20 calculated according to

formula (Xipy) p@l?fetfhgkj daf¥Riate HIdEK £ JeOMk @)glnﬂ)ﬁbbmﬁbtﬁtbbﬁgﬁmh@d M8rekds 8 Biock, started
A(4.5) = area of the resonance at 4.5 ppm cyclic carbonate

(corresifond® a &-. drr. Kirat enyenafigictiong]l gyohel, f e@rb@f dipxide wath gHulear oxide, propylene
5.1-4.8 pprgx%gr 4?% h¥ﬁh@%§1d§@{oﬁgﬁﬁé SxiB0 N @br %ﬁ}ﬂd@ﬁek' d%ﬁ'aef OF th€¥Chib&s. The

car bonat e area o resonance at 4 ppmfor free,
unr eact ed P@MRSAGT mBnomed)units an e plyettee cmégmhbek &tn be 2 3, r@ngypcrﬁ frgm > 10

pol yet her g‘l%ny)ﬁuler @El‘li]soﬁ) ;L 5%8% mon)%&g]g]m(? %mia’er bel\)?_(%{%ﬁpg%@ o&oéert&ltg' c? ﬁsel,OOO

ppm for 1,8-octan (starter 0 accoun
relative i maeosketunds, the pol yner-bonded carbonate ("Iinear
car bon he" LC) in the reaction m xture was converted into nol %
according to the following fornmula (XIV) 30

The polyether carbonate block is followed by a diester unit, which can be attributed to the product

of the reaction of an OH end group of the polyether carbonate block with a cyclic carboxylic acid

anhydride. A half ester is first formed by ring opening, and then reacts with ethylene oxide to give

the hydroxyethyl end group. Examples of the cyclic carboxylic acid anhydride are phthalic
25  anhydride, tetrahydrophthalic anhydride, succinic anhydride and/or maleic anhydride.

The polyether carbonate polyol according to the invention is distinguished in that the content of
terminal double bonds, based on all the end groups of the polyether carbonate polyol (by which is
to be understood here the entirety of the polyether carbonate polyol molecules), in the range of
30 from > 0 to < 10 milliequivalents per kg, regardless of the molecular weight. For all practical
purposes, it is thus free from unsaturated end groups. These end groups would lead to a reduced
functionality of the polyether carbonate and would cause corresponding disadvantages in the
preparation of polyurethane polymers. The terminal double bonds are avoided, for example, by
polymerizing the polyether carbonate block on to the starter alcohol by means of DMC catalysis,
35  The polyether carbonate polyol according to the invention can be analysed for the absence of

unsaturated end groups by means of 'H-NMR spectroscopy. A further customary method is



A(5.1- 4.8)- A(4.5) LG *100 A(5.1- 4.8) + A(2.4) + 0.33 * A(1.2

-1.0) + 0. 280201808021 52) (XIV) The weight content (in w PSI/EFR011/072489
pol yner - bonded carbonate (LC ) in the reaction m xture was cal cul at ed
according to formula (XV) - 24 - LC- [Ag5.1 - 4,8) - A(4.5)]* 102
*100%¢ XV) the value for N ("denomi nator” N) being cal cul ated

accordi ng tuf . 0h Bl B rtiMedminaNoTbik Abmis by ribafl of mdMifty Rdetatd Bacitor@nde Rith 10
102 + A(2.4)* 58 + 0.33* A(1.2 -1.0)* 58 '+ 0. 25 A(¥L.6 -1.52)* 146

(XVI) The fldét®brTheoeonteat gint slsé bory @ heillisapvalénty her kpkecul arilliggyivtanss pér ke

CX2 (nol ec i nd, t . pr i e
(1ol ccul ar Rt 8 oy e e BE g LR ROR R E gadegin e
10wei ght ofrapeepybmire? ©)xd @edandecdulre weights ar the 4&Bge eSfrdnt 3 11800 Ba th© 20,000 Da.
nol ecul ar wei ght of the starter enployed, 1, 8-octanediol (if

present). The wei ght content (in w.% of cyclic carbonate (CC) in
t he reacti dnond stiwidénanast thapayttiat eatbaeqrotiohgcordinfzos the lireve((36d] thy mbGr content

CC - A(4.5)* 102 *100% XVI1) .t.he. val, N beipg.cal cul at ed .
accor di g 1% PRBARHIDERESRH b 5 59 H8P Tt Mo mRoiPar B i3 PaBiiie g weggine e
t he conposiidlancotent be prigast haMoxyt Xidupe comiaradmith Skddndary h2AroRgiS@dum@nin the
t he pol yner content (consisting of polyether polyol, which was built

up T o ¢ neoGEREt Srodit by BHE G el S P B by SR il oan be
whi ch t1@oK deleat@ed) Fotedxakpld; by @eane QN EH-NINGD Spec@dkdopyO T et dARnt GArONatiea range
polyol, built up fromthe starter, fjoro yl.ene oxide and carbon dioxide
during the $&PMAT BROLE Brs Whpiehotiinsk= 5P 304 i th@oBt-esence of CO2

and during the copolynerization), the non-polyner constituents of the
reaction mxture (i.e. cyclic propylene carbonate and any 25 ]
unreact ed grapythshembodinent 9f theastypihgiesaeboapte mpbiak aserrips &?/hé ifvaRtiagnthis has an

The wei ght @@RLABE: #frdnls QAP SPRIAYE &FYNDH ME M OR/E Tud BEIR! ¥EhRE can be
carbonat e polyol was converted into a wei ght content of carbon

di oxi dd5by deisanigedvith He afdedfitier stamdard JAN 434058 camplso RCOR 1 T B 0ERPOH Hitorh%) mg
pol yet her caibanate- pel%ak %ﬁf)é{%ddosm LARdardi zed to the content of

t he pol yet her ca?t%oznat gl)épof(yo ol ecu?e vﬁlﬁcgg was fornmed during the
copol yneri zati on and, where appropriate, the activation steps in the

presence of {4 t I C .

Doreor vor IR Pk s B<SRE0 Mpk8o0) AEKURE CALTRIRIR, s s

present) aradidf mowhet o€ froemet (.0 mgf oft KOHE &r Kt mg ¢thKepideiThe ashli mimbsasan be

added der, CO2-free. condi.ti.opns wa t into account. here)

put k. acite: 1 umeeSRarRy Ao e sERBr OB WO B ReDosiahl br gbie o
< 4.9 mg of KOH/g or > 0.02 mg of KOH/g to < 4.8 mg of KOH/g.

The present invention also provides a polyether carbonate polyol composition comprising a
polyether carbonate polyo!l according to the invention and furthermore:

25 (A) amines of the general formula (X1):
ITB

O. _N
R10” ‘(V)B “R9 XD

30 wherein:
R8 and R9 independently of each other are hydrogen, aikyl or aryl; or
R8 and R9 together with the N atom carrying them form an aliphatic, unsaturated or
aromatic heterocycle;

p is an integer from 1 to 10, thatistosay 1,2,3,4,5,6,7,8,9 or 10;



- 25 - The conpressive strength was determ ned in accordance with DIN
EN | SO 3386%9208/08819240 % deformation and the 4th cycle). TRETEEAL1{0g2489
strength and el ongation at break were determ ned in accordance with
DIN EN | SO 1798. 5The conpression set CS-.50 (Ct) and CS 75 (Ct) were
determned in accordance with DIN EN | SO 1856-2001-03 at 50% and 75%
deformation. 1. lﬂro‘?Qﬁid%éfe%H&ioﬁ%%b IMC- cat al ysed precursors:

Precursor A: 10 141 catal yst (prepared in accordance
with Exanple 6 &10V@rﬁe%f@®%4N(&HdRs@ g’he"ﬁ‘indri ed 1, 8-oct anedi ol
(starter) were initiafly

with a gas netering ildlaggﬁqﬁ e%réggeéllﬂ %paagg&(r}tlleﬂaalréegydpg&% WfS%Ira?:a
rendered inert by retieldtaadiRéhmgqhwgwmﬂthmtonn@gemgtﬂ@rraﬁopn@v(ahtﬁla@ar
and subsequent letti r. This operation was
carri ed%out 3 tines. q‘géa%)y"\@?&prr%gﬁcgﬁtgr% ‘F%e (PO were netered
rapidly 15 into the yrleatu:mmgelatoﬂB&m thatlis tasay N2, 8bE6n6.d, 8f9 €0R; The
start-up of he react i.on est self by a tenperature peak
("hot spot’ ()B ancfmbnesa?scg1 §e"eralf0rmu thé: to about the starting pressure
(approx. 1 bar). After the flrst drop R18 pressure, 20 g of PO and
then 19 g of PO were netered in rapidl as. a result of which in each
case a tenperature peak and ﬁ % 1315” turn occurredgm
After the reactor had been charged with 50 bar of CO2, 50

were netered in 20 rapidly, as a result of which a tenperature peak
occurred after a further waiting tinme. At the sane tinme, the pressure
of carbgn di oxi dg.f&R started to fall. The pressure was regul ated
such that when it dropped bel ow the set value, fresh CO2 was added.
Only then was t He3rieksdiregendglyt opytlene oxi de (435 g) punped

cont i nuous! y i nt4L0¢ i el Rhadtl @P&Jc%theﬂm§hg{rageﬁnam§w jaf ter

m nutes the tenperature was lYe to 105 Cn ste of 5 C per f|ve
m nutes. When t hrend Eﬁldamd@nﬂawf odchpdehard aorieiegr frsmﬂrtmlﬁghvt/asto say 1,2, 3,4, 5,
continued (1,50Q r7pm) t%, a further 60 m nutes at 105 C under the
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The present invention also provides a polyurethane polymer obtainable from the reaction of a

polyisocyanate with a polyether carbonate polyol according to the invention or a polyether

carbonate polyol composition according to the invention. The term "polyurethane polymer" also
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nunber: 1. O%deeﬁffomg)duced by this process, the use of the polyurethane flexible foams for the
production of moulding and the mouldings themselves. The polyurethane flexible foams
20 obtainable according to the invention have, for example, the following use: furniture padding,

textile inserts, mattresses, automobile seats, head rests, arm rests, foams and structural elements,

The characteristic number (index) indicates the percentage ratio of the amount of isocyanate

actually employed to the stoichiometric (NCO) amount, i.e. the amount of isocyanate groups
25  calculated for the reaction of the OH equivalents.

Characteristic number =

f(isocyanate amount employed) (calculated isocyanate amount }] » 100 (XIII)

Polyurethane flexible foams in the context of the present invention are preferably those

30  polyurethane polymers of which the bulk density according to DIN EN ISO 3386-1-98 is in the
range of from > 10 kg/m’® to < 150 kg/m®, preferably in the range of from > 20 kg/m’ to
< 70 kg/m®, and of which the compressive strength according to DIN EN ISO 3386-1-98 is in the
range of from > 0.5 kPa to < 20 kPa (at 40 % deformation and the 4th cycle).

35  The present invention is explained further with the aid of the following examples.
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of pol yur et WO1F88142h| e bl ock foans The starting subst ak&&4P2011/072489
listed in the exanples of the followng Table 1 are reacted with one
20anot her in the conventional method of pkracessing for the production

of pol yurethane foans by the one-stage process. -28 - Table 1:
Production and,gyal uation of the polyurethane flexible block foans

34 (conmp.) Conponent A PET 1 [pt. by wt.] 96.58 77. 26

The materials and abbreviations used have the following meaning and sources of supply:

2,2,2-Diazabicyclooctane: Aldrich.

Tetrahydrophthalic anhydride (THPA): Aldrich.

5  Tegostab® B 8681: formulation of organo-modified polysiloxanes, Evonik Goldschmidt.

Tegostab® B 8715LF: formulation of organo-modified polysiloxanes, Evonik Goldschmidt.

PET 1: polyether polyol with an OH number of approx. 28 mg of KOH/g, prepared by means of
KOH-catalysed addition of propylene oxide and ethylene oxide in the weight ratio of 85
to 15 using a mixture of glycerol and sorbitol as starter compounds, with approx. 85

10 mel% of primary OH groups and containing 8.6 wt.% of filler {(copolymer essentially of
styrene and acrylonitrile).

PET 2: polyether polyel with an OH number of approx. 28 mg of KOH/g, prepared by means of
KOH-catalysed addition of propylene oxide and ethylene oxide in the weight ratio of 85
to 15 using glycerol as the starter compound, with approx. 85 mol% of primary OH

15 groups.

PET 3: polyether polyol with an OH number of 37 mg of KOH/g, prepared by means of KOH-
catalysed addition of propylene oxide and ethylene oxide in the weight ratio of 27 to 73
using glycerol as the starter compound.

Amine 1: amine catalyst (2,2,2-diazabicyclooctane, 33 wt.% strength in dipropylene glycol).

20  Amine 2: amine catalyst (bis(dimethylaminoethyl) ether, 70 wt.% strength in dipropylene glycol).

Amine 3: N,N-bis(3-dimethylaminopropyl)-N-isopropanolamine.

Amine 4: amine catalyst Dabco® NE 300, Air Products, Hamburg, Germany.

Urea solution (50 % strength H,0): solution of urea in water (50 wt.% strength).

Sn cat: tin{IT) octoate

25 MDI 1: mixture containing 57 wt.% of 4,4-diphenylmethane-diisocyanate, 25 wt.% of 2,4-
diphenylmethane-diisocyanate and 18 wt.% of polyphenylpolymethylene-polyisocyanate
("polynuclear MDI"™) with an NCO content of 32.5 % by weight.

TDI 1: mixture of 80 wt.% of 24-toluylene-diisocyanate and 20 wt% of 2.6-toluylene-

diisocyanate.
30

The analyses were carried out as follows:

Dynamic viscosity: MCR 51 rheometer from Anton Paar in accordance with DIN 53019 with

a CP 50-1 measuring cone (diameter 50 mm, angle 1°) at shear rates of 25, 100, 200 and 500 5™

The polyether carbonate polyols according to the invention show viscosities which are

35  independent of the shear rate.
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Determination of the molar content of primary OH groups: by means of 'H-NMR (Bruker DPX
400, deuterochloroform)

Hydroxyl number: with the aid of the standard DIN 53240

Acid number: with the aid of the standard DIN 53402

The ratio of the primary and secondary OH groups was determined by means of 'H-NMR (Bruker
DPX 400, deuterochloroform).

The content of incorporated CO; in the resulting polyether carbonate polyol and the ratio of
propylene carbonate to polyether carbonate polyol were determined by means of 'H-NMR
(Bruker, DPX 400, 400 MHz; pulse program zg30, waiting time d1: 10 s, 64 scans). The sample
was dissolved in deuterated chloroform in each case. The relevant resonances in the 'H-NMR
(based on TMS = 0 ppm) are as follows:

Cyclic carbonate (which was formed as a by-product) with resonance at 4.5 ppm, carbonate,
resulting from carbon dioxide incorporated in the polyether carbonate polyol, with resonances at
5.1 to 4.8 ppm, unreacted PO with resonance at 2.4 ppm, polyether polyol (i.e. without
incorporated carbon dioxide) with resonances at 1.2 to 1.0 ppm, the 1,8-octanediol incorporated as

the starter molecule (if present) with a resonance at 1.6 to 1.52 ppm.

The molar content of the carbonate incorporated in the polymer in the reaction mixture is

calculated according to formula (XIV) as follows, the following abbreviations being used:

A(4.5) = area of the resonance at 4.5 ppm for cyclic carbonate (corresponds to an H atom)

A(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.

A(2.4) = area of the resonance at 2.4 ppm for free, unreacted PO

A(1.2-1.0) = area of the resonance at 1.2-1.0 ppm for polyether polyol

A(1.6-1.52) = area of the resonance at 1.6 o 1.52 ppm for 1,8-octanediol (starter), if present

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

in the reaction mixture was converted into mol% according to the following formula (XIV)

A(5.1-4.8)— A(4.5)
TAG1-4.8)+ AQ.A)+ 033+ A(1.2-1.0)+ 0.25% A(L.6- 152)

(XIV)

The weight content (in wt.%) of polymer-bonded carbonate (LC'") in the reaction mixture was

calculated according to formula (XV)



[ pt. by wt.JZ 0.26 0.26 Sn cat [pt. by w.] 0.16 0.16 Conponent B:
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Starting tinme [s]

-24 -

A(5.1-4,8)— A(4.5)]*102

LC'= [ ~ «100% (XV)

the value for N ("denominator” N) being calculated according to formula (XVI):

5 N=[A(5.1-4.8)- A(4.5)]# 102+ A(4.5)* 102 + A(2.4)* 58+ 0.33% A(1.2— 1.0} * 58+ 0.25* A(1.6 - 1.52) * 146
(XVD)

The factor 102 results from the sum of the molecular weights of CO, (molecular weight 44 g/mol)
and that of propylene oxide (molecular weight 58 g/mol), the factor 58 results from the molecular
10 weight of propylene oxide and the factor 146 resulis from the molecular weight of the starter

employed, 1,8-octanediol (if present).

The weight content (in wt.%) of cyclic carbonate {(CC" in the reaction mixture was calculated
according to formula (XVII)
15

cc

=w *100% (XVII)

the value for N being calculated according to formula (XVI).

In order to calculate from the values of the composition of the reaction mixture the composition
20  based on the polymer content (consisting of polyether polyol, which was built up from the starter
and propylene oxide during the activation steps which took place under CO,-free conditions, and
polyether carbonate polyol, built up from the starter, propylene oxide and carbon dioxide during
the activation steps which fook place in the presence of CO; and during the copolymerization), the
non-polymer constituents of the reaction mixture (i.e. cyclic propylene carbonate and any
25  unreacted propylene oxide present) were eliminated by calculation. The weight content of the
carbonate recurring units in the polyether carbonate polyol was converted into a weight content of
carbon dioxide by means of the factor F = 44/(44+58). The CO; content in the polyether carbonate
polyol stated is standardized to the content of the polyether carbonate polyol molecule which was
formed during the copolymerization and, where appropriate, the activation steps in the presence of
30 CO, (i.e. the content of the polyether carbonate polyol molecule which results from the starter
{1,8-octanediol, if present) and from the reaction of the starter with epoxide which was added

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

The bulk density was determined in accordance with DIN EN ISO 3386-1-98.
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The compressive strength was determined in accordance with DIN EN ISO 3386-1-98 (at 40 %
deformation and the 4th cycle).

The tensile strength and elongation at break were determined in accordance with DIN EN ISO
1798.

The compression set CS 50 % (Ct) and CS 75 % (Ct) were determined in accordance with DIN
EN ISO 1856-2001-03 at 50 % and 75 % deformation.

1. Preparation of the DMC-catalysed precursors:

Precursor A:

141 mg of dried DMC catalyst (prepared in accordance with Example 6 of WO-A
01/80994) and 51 g of dried 1,8-octanediol (starter) were initially introduced into a 1 litre
pressure reactor with a gas metering device. The reactor was heated up to 130 °C and rendered
inert by repeated charging with nitrogen to approx. 5 bar and subsequent letting down to approx.
I bar. This operation was carried out 3 times. 25 g of propylene oxide (PO) were metered rapidly
into the reactor at 130 °C and in the absence of CO,. The start-up of the reaction manifested itself
by a temperature peak ("hot spot™) and by a drop in pressure to about the starting pressure
(approx. 1 bar). After the first drop in pressure, 20 g of PO and then 19 g of PO were metered in
rapidly, as a result of which in each case a temperature peak and a drop in pressure in turn
occurred. After the reactor had been charged with 50 bar of CO,, 50 g of PO were metered in
rapidly, as a result of which a temperature peak occurred after a further waiting time. At the same
time, the pressure of carbon dioxide CO, started to fall. The pressure was regulated such that
when it dropped below the sct value, fresh CO, was added. Only then was the remaining
propylene oxide {435 g) pumped continuously into the reactor at approx. 1.8 g/min, while after 10
minutes the temperature was lowered to 105 °C in steps of 5 °C per five minutes. When the
addition of PO had ended, stirring was continued (1,500 rpm) for a further 60 minutes at 105 °C
under the abovementioned pressure. Finally, readily volatile constituents were separated off from
the prodﬁct by thin film evaporation,

The OH number of precursor A was 65.0 mg of KOH/g at a viscosity (25 °C) of 1,375 mPas. The
CO; content in the product was about 14 wt.%.

Precursor B:

134 mg of dried DMC catalyst (prepared in accordance with Example 6 of WO-A
01/80994) and 160 g of a dried trifunctional poly(oxypropylene) polyol with an OH
number = 235 mg of KOH/g, as the starter, were initially introduced into a 1 litre pressure

reactor with a gas metering device. The reactor was heated up to 130 °C and rendered inert by
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Example 1:
400 g of the DMC-catalysed precursor A, 74.04 g of tetrahydrophthalic anhydride and 0.474 g
(920 ppm, based on the total mixture) of 2,2,2-diazabicyclooctane were initiaily introduced into a
1 litre high-grade steel pressure reactor under nitrogen. The molar ratio between anhydride and the
25  hydroxyl groups of precursor A was 1.05 / 1. The mixture was then heated up to 125 °C and
stirred at this temperature for 60 minutes. 40.84 g of ethylene oxide were then metered into the
reactor at 125 °C over a peried of 60 minutes. The molar ratio between ethylene oxide and the
hydroxyl groups of precursor A was 2 / 1. After an after-reaction time at 125 °C until the pressure
in the reactor was constant (3 h), readily volatile contents were distilled off in vacuo at 90 °C for

30 30 minutes and the reaction mixture was then cooled to room temperature.

Product properties:
OH number: 53.6 mg of KOH/g
Acid number: 0.08 mg of KOH/g

Viscosity (25 °C): 6,415 mPas
35  Primary OH groups: 83 %
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flexi bl e moY¥P3eB/BBR%s 5 6 7 Conponent A PET 1 [pt. byCHMEPRO11/072489
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Example 2:
500 g of the DMC-catalysed precursor B, 67.1 g of tetrahydrophthalic anhydride and 0.60 g
{1,000 ppm, based on the total batch) of 2,2,2-diazabicyclooctane were initially intreduced into a
| litre high-grade steel pressure reactor under nitrogen. The molar ratio between anhydride and the
5  hydroxyl groups of precursor B was 1.05 / 1. The mixture was then heated up to 125 °C and stirred
at this temperature for 60 minutes. 37 g of ethylene oxide were then metered into the reactor at
125 °C over a period of 60 minutes. The molar ratio between ethylene oxide and the hydroxyl
groups of precursor B was 2 / 1. After an after-reaction time at 125 °C until the pressure in the
reactor was constant (3 h), readily volatile contents were distilled off in vacuo at 90 °C for 30

10 minutes and the reaction mixture was then cooled to room temperature.

Product properties:

OH number: 42.8 mg of KOH/g
Acid number: 1.06 mg of KOH/g
Viscosity (25 °C): 28,350 mPas

15 Primary OH groups: 82 %

3. Production of polyurethane flexible block foams
The starting substances listed in the examples of the following Table 1 are reacted with one
20  another in the conventional method of processing for the production of polyurethane foams by the

one-stage process.
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Table 1: Production and evaluation of the polyurethane flexible block foams

3 4
(comp.)

Component A
PET 1 [pt. by wt.] 96.58 77.26
Polyol from Example 2 [pt. by wt.] 19.32
Water (added) [pt. by wt.] 2.01 2.01
Tegostab® B 8681 [pt. by wt.] 0.39 0.39
Amine 1 [pt. by wt.] 0.16 0.16
Amine 2 [pt. by wt.] 0.05 0.05
Urea solution (50 % strength H,O) | [pt. by wt.] 0.39 0.39
Diethanolamine [pt. by wt.] 0.26 0.26
Sn cat [pt. by wt.] 0.16 0.16
Component B:
TDI 1 [WR] 28.01 28.49
Characteristic number 110 110
Result:
Starting time [5] 11 11
Rising time [5] 90 95
Foam evaluation fine fine
Cell structure good good
Bulk density [kg/m?] 44.7 48.1
Tensile strength [kPa] 94 04
Elongation at break [%] 106 104
Compressive strength [kPa] 4.84 5.06

Abbreviations: comp. = comparison examples; pt. by wt. = parts by weight; WR = weight ratio of
5 component A to component B at the stated characteristic number and based on 100 parts by

weight of component A,

The polyurethane flexible block foams obtained were subjected to a visual evaluation. The
polyurcthane flexible block foams were classified ("foam evaluation") with the aid of a scale of
10 coarse - medium - fine. A classification of "coarse" here means that the foam has fewer than
approx. 5 cells per cm. A classification of "medium" means that the foam has more than approx. 5
cells per cm and fewer than approx. 12 cells per cm, and a classification of "fine" means that the

foam has more than approx. 12 cells per cim.
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The foam quality of the polyurethane flexible block foams was classified with respect to the cell
structure with the aid of a scale of poor - moderate - good. A classification of "poor” here means
that the foam has no uniform cell structure and/or visible defects. A classification of "moderate”
means that the foam has a chiefly uniform cell structure with only few visible defects, and a

classification of "good" means that the foam has a uniform cell structure without visible defects.

The polyurethane flexible block foam according to the invention (Example 4), in which the polyol
from Example 2 was processed, could be produced like the flexible foam based on pure polyol
PET 1 with a recipe which was otherwise unchanged (Comparison Example 3), i.e. there were no
substantial differences from Comparison Example 3 with respect to processing, compressive

strength and tensile properties.

4. Production of polyurethane flexible moulded foams

The starting substances listed in the examples of the following Table 2 are reacted with one
another in the conventional method of processing for the production of polyurethane flexible
moulded foams by the one-stage process. The reaction mixture is introduced into a metal mould of
9.7 1 volume heated to 60 °C, and released from the mould after 5 min. The amount of raw
materials employed was chosen such that a calculated moulding density of about 57 kg/m’ results.
The moeulding density actually obtained, which was determined in accordance with DIN EN ISO
3386-1-98, is stated in Table 2.



9.29°10.99 Tensile strength [kPa] 134 167 175 El ongation at break [%
104 96 83 QROZHI2PO2h/ 70 C [A] 7.2 7. 0 7.2 CS 75 %22 h170 PET{ERPO1g/072489
8.3 9.2 Abbreviations: pt. by wt. = parts by weight; WR = wei ght
rati o of conponent A to conponent B 5at_@he stated characteristic

nunber and based on 100 parts by wei ght of conponent A. The pol yet her

carbonat e pghol %r@u‘ﬁ@ﬁ’&nddnﬂQwh&tﬁ)ﬁ'Sfﬂh@}ﬁ&ﬁ&rlafﬂ@ne%&!lb% r{?&;l&yd%a?ﬁs%d to

pol yur et hane f1l exi bl e noul foans w t hout problens (Exanple 5 to

7), the polyurethane flexible nmoul ded foans have a good |evel of

properti es| 5 6 "
Component A
PET 1 [pt. by wt.] 75.61 75.61 56.10
PET 2 [pt. by wt.] 2.44 2.44 2.44
Polyol from Example 2 [pt. by wt.] 19.51 19.51 3%.02
Diethanclamine [pt. by wt.] 0.98 0.98 0.98
Tegostab B 8715 LF [pt. by wt.] 0.98 0.98 0.98
Amine 3 [pt. by wt.] 0.39 0.39 0.39
Amine 4 [pt. by wt.] 0.10 0.10 0.10
Component B:
MDI 1 [WR] 48.46 53.85 54.54
Characteristic number 90 100 100
Result
Bulk density (kg/m?] 56.5 56.7 58.3
Compressive strength [kPa] 6.55 9.29 10.99
Tensile strength [kPa] 134 167 175
Elongation at break {%] 104 96 83
CS 50 %/22 h/70 °C [%] 7.2 7.0 7.2
CS 75 %/22 h/70 °C {%] 9.2 8.3 9.2

Abbreviations: pt. by wt. = parts by weight; WR = weight ratio of component A to component B

S at the stated characteristic number and based on 100 parts by weight of component A.

The polyether carbonate polyols according to the invention could be processed to polyurethane
flexible moulded foams without problems (Example 5 to 7), the polyurethane flexible moulded
foams have a good level of properties.

10



10 -31- Cains 1. Process for the preparation of polyether carbonate

pol yol s wi tWOFPT¥8PY2hydr oxyl end groups, conprising the st &§d/EP2011/072489

51.reaction of a starter conpound containing active hydrogen atons

with carbon dioxide and with an epoxide .af .the general formula (I1):

0 R1 wherein Rl represents hydrogen, an al kyl radical or an aryl

radi cal and-,ish the proviso that? 0 % by weight to < 30 % by wei ght,

based on the total anmount of the epoxide (11) enployed, is ethylene

oxi de, wherein the reaction is carried out in the presence of a

doubl e metal cyanide rgatalyStiidr of SA6LhANcont RSN RINGL 20LA BEfolyR cnd

step 1. with a cycegslec car t?‘c[)%y]iapc gc?g&anﬁyﬁﬁoge;epgwg 3. dact ?’,onﬁg? A en

t he product obtzmpupecoinprigagthe Hepsni t h et hyl ene oxide in the presence

of a catzal yst i ch Al nj en,: e

oxcl udi g pon- oyel 1 ¢ Fares aF g ieh 2hethE PlyhisCReL BRBRh, HRHEGHh farbon

Process accordi ng to didxaderand withae pgixitletolfi the ge@ardl dormobar{fbund enpl oyed

in step 1. is a poly(oxyal kyl ene) polyol or a pol y(oxyal kyl ene)

carbonat e pol yol which has a nunber of h{droxyl groups per nol ecgpe

of from> 2.0 to < 5.0 and a nunber-ave nol ecul ar wei ght of fronf

450 g/nmol to < 2,000 g/ nmol. Process accordingito claiml1, wherein in

t he epoxide of the general fornula ﬁll) Rl is hydrogen, nethyl, )

ethyl, n-propyl, i SO-WW}IR} TRRISERLy 1ydrg&e@, ﬁu@lyjl,raql .Dbm Wl, radlc.al and with the

tert- _bUt yl', cycl _OheXBaHr %%8% & bvei ﬁrtg_%eﬁ}s%aogrcvperi&h rlﬁsetdeOcl'l@-{o'EQl dmount of

wherein the cyclic carboxylic aci anﬁydrlde employed in step 2. is

chosen ¥rom t he gr ouphcwepide Shregippsivechad dtieylemloyided de, .

tet rah.ydr ophthalic aQJJ%FL“ %’ rectiof i S i@(f]%tdfnl ﬂg p?sﬁg'(cgrof%o%bfé metal cyanide

anhydride. Process according to claim i, erein‘the catal yst

enpl oyed in step 3. icgtabhipsen from the group conprising: (A) am nes

of the general formula ClXiem, ﬁrog’uzct Sbthfed in step 1. with a cyclic carboxylic acid anhydride;
and

15 3. reaction of the product obtained in step 2. with ethylene oxide in the presence of a
catalyst which contains at least one nitrogen atom per molecule, excluding non-

cyclic tertiary amines with identical substituents.

2. Process according to claim 1, wherein the starter compound employed in step 1. is a
20 poly(oxyalkylene) polyol or a poly(oxyalkylene) carbonate polyol which has a number of
hydroxyl groups per molecule of from > 2.0 to < 5.0 and a number-average molecular

weight of from > 450 g/mol to < 2,000 g/mol.

3. Process according to claim 1, wherein in the epoxide of the general formula (II) R1 is
25 hydrogen, methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert-butyl,
cyclohexyl and/or phenyl.

4. Process according to claim 1, wherein the cyclic carboxylic acid anhydride employed in
step 2. is chosen from the group comprising phthalic anhydride, tetrahydrophthalic

30 anhydride, succinic anhydride and/or maleic anhydride.

5. Process according to claim 1, wherein the catalyst employed in step 3. is chosen from the
group comprising:

(A) amines of the general formula (IX):



R4" Nn -R3(IX) wherein: 5R2 and R3 independently of each other are
hydrogen, alVRyPIZ80HEy|: or R2 and R3 together with the N af&HEP2011/072489
carrying themforman aliphatic, unsaturated or aromatic heterocycle;
nis an integer from1l to 10; R4 is hydragen, alkyl or aryl; or 10R4
represents -(CH2)x-N(R41) (R42), wherein: R4l and R42 independently of
each other are hydrogen, alkyl or aryl; or R4l and R42 together with
the N atomcarrying them form an aIiphat'&, unsaturated or aronmatic

het erocycle; x is an integer from1l to 10 15(B) am nes of the

general formula (X): RS R6 Nni R7(X)onergin: R5 is hydrogen, alﬁﬁ¢ or
aryl; R6 and R7 independent!|y ofR4ach héRare hydrogen, al kyl )

aryl; 20m and o independently of each other are an integer from1l to

10; and/or: (O

di azabi cycl o[ 2. 2. 2] oct ane, di azabi cycl o[ 5. 4. 0] undec- 7- ene, di al kyl benzy

| ami ne, di et hyl pi'p&t4Zzi ne, 2, 2' - di nor phol i nyl di et hyl et her and/or
pyriding. 256. Progesmd®eGadeddigntlyfGhai oifcl arcWp@ogdnNalkil o8 h§R o2 t he
nolar ratio of cyclic anhydride to hydroxyl groups in the product
obtained in step B2 3ngd R fpgstber: with thg Neatgmzpamying themplogp a8 @lighatie isgiyyated or
to claiml, whereijohdlict€Rcyole;t he catal yst, which contains at |east

one nitrogen atom per nolecule, is present in a content of
from > 500 ppm t o "< an mggenf | 80ased on the total weight of the

reaction mxture igy i§§j§\c9§geg; al@pgr gyl; or
10 R4 represents —(CH,),—N(R41}R42), wherein:
R41 and R42 independently of each other are hydrogen, alkyl or aryl; or
R41 and R42 together with the N atom carrying them form an aliphatic,
unsaturated or aromatic heterocycle;

x is an integer from 1 to 10;

15 (B) amines of the general formula (X):
F|\’5
O N O
R6” 7 I ORT X)
wherein:

R5 is hydrogen, alkyl or aryl;
R6 and R7 independently of each other are hydrogen, alkyl or aryl,
20 m and ¢ independently of each other are an integer from 1 to 10;
and/or:
(C) diazabicyclo[2.2.2]octane,  diazabicyclo[5.4.0]undec-7-ene,  dialkylbenzylamine,
dimethylpiperazine, 2,2'-dimorpholinyldiethyl ether and/or pyridine.

25 6. Process according to claim 1, wherein in step 2. the molar ratio of ¢yclic anhydride to

hydroxyl groups in the product obtained instep 1. is> 0.75: 1to<13: 1.

7. Process according to claim 1, wherein in step 3. the catalyst, which contains at least one
nitrogen atom per molecule, is present in a content of from > 500 ppm to < 1,500 ppm,

30 based on the total weight of the reaction mixture in steps 2. and 3.



- 33°- 8. Process according to claim1, wherein in step 3. the nolar
rati o of etWQ2BR&8B¥2de to hydroxyl groups in the product oBCAIEREY1{072489
step 1. is >0.90: | to <5.0: 1. 10. Pol yet her carbonate

pol yol with primary hydroxyl end groups, 3gbtai nable by a process
according to claim1l1, conprising a polyether carbonate block, a

term nal hygdr OW%EWLCCQFWthHQinﬁId{wﬁé’&ﬁrm L&'EHptB i %ldr%ﬁé of Igﬁlylene oxide to
pol yet her carbonate bl ock and the term nal hydroxyethyl group,  and
wherei n the nolhydrogprereups inghe prodyrt pbipingtbinlstce 1bisad0 :ddeed-bn-al | t he
end groups of the polyether carbonate polyol, is > 0 mlliequivalent

per kg to < 10 mlliequival ents per kg. Polyether carbonate pol yol

accor di ng t% clRalyethgr cathenrats mlrdiewiﬂnbamal'&dr}'ﬂ@ﬁl’l ofd gmimaplytahybjr dxyd process

groups is > 50 0 D
accor di ng £ o Cﬁ%?% ‘gé % 2 a?]TQ ﬁsr }6‘813?@ %ot?-%gaﬁl&k 2 %lval hydrogyethyl
100 my of KOH g;rodaohqdea hhfrstemambowmble J@m yiel Pdwhﬂroham}ynate bddc&i %mﬂghe terminal

wth an acid n g
Pol yet her car bglngrtoxye d,' >grc1up, an(a w%erermthe moll<ar corgent of termmnp(ilouhel%onds based on all

car bonat e pol yahe a:m:gbdpsng‘ the polyauhm da@ooaﬁtel pblybr, herzrmnﬂhec(umalearrpemg of< 10
t he general for (légt R% RlL CY V) RO (XI) 25 wherein: RS

and R9 |ndepend1é {eﬂfll PR e ot her are hydrogen, alkyl or aryl; or R8
and RO mpoget her with the N atom carrying themforman aliphatic,

unsat urated or Aro trc heter cle; Ogoral?lianinte ger fr mlto 10

that is to @ay ﬂye garbgpateSpo a?cor@ng "18 wﬁer d:@gtﬁnt of primary

al kyl or aryl; lgﬂroﬁs%l%rdi p[sesm(sr%t()@-ia)))rmMRll)(Rl 2), V\/nerern R 1
and R12 |ndependen each other are hydrogen, alkyl or aryl; or
- 34 - R11 and R12 together with the N atom carrying them form an

al i phatic, unsaioielethrinaRRVRE h&ofiftleah @EUE bEwith an OH number of from > 10 mg of
15 KOH/g to < 100 mg of KOH/g.

12.  Polyether carbonate polyol according to claim 9, with an acid number of from > 0.01 mg of

KOH/g to < 5 mg of KOH/g.

20 13. Polyether carbonate polyol composition, comprising a polyether carbonate polyol according
to claim 10 and furthermore:

(A) amines of the general formula (XI):

I|?8
O N
“ ™, TR9 (XD

25

wherein:

R8 and R9 independently of each other are hydrogen, alkyl or aryl; or

R8 and R9 together with the N atom carrying them form an aliphatic, unsaturated or

aromatic heterocycle;
30 p is an integer from 1 to 10, thatistosay 1,2, 3,4, 5,6, 7, 8,9 or 10;

R10 is hydrogen, alkyl or aryl; or
R10 represents —(CH),~N(R11)(R12), wherein:
R11 and R12 independently of each other are hydrogen, alkyl or aryl; or



y is an integer fromlto 10, that is to say 1, 2, 3, 4, 5, 6, 7, 8 9
or 10; (B) 20124088192 he general formula (XI1): 713 "0 R14 SGIHSRI1p72489
R13 is hydrogen, alkyl or aryl; Rl14 and R15 i ndependently of each

ot her are hydrogen, al kyl or aryl; .34 - r and s

i ndependent|y of each other are an integer fron11 to 10, that is to
say 1, 2, 3, 4, 105, ®1 ahd R32 tShe@Er \%@1 the RGH&N carfyinlg them form an aliphatic,
dlazablcyclo[z 2. 2] oct ane, di azabi cycl o[ 5. 4. 0] un c 7-ene, di al kyl benzy
| ani ne, di met hyl pi perusatugted or gromafichsigstaleny| di et hyl et her and/ or
pyri dine. 1514 PolyusgbhgRe-PY TR 100pliabL e, Sr0m 4 Be) keRGLoon of
a pol yi socyanate with a pol yether carbonate polyol accéording to claim
9 or a pol yet helB) carinesodthe goedrgldormadatddsi t i on according to claim 13.

15. Pol yur et hane pol ynmer according to im1l4, which is a
pol yur et hane flexible block foam 20or ‘g pol yuret hane fl exi bl e noul ded
f oam 0O N O
R147 709, 0, TR15 (X1
5
wherein:

R13 is hydrogen, alky! or aryl;
R14 and R15 independently of each other are hydrogen, alkyl or aryl;
r and s independently of each other are an integer from 1 to 10, thatistosay 1, 2, 3, 4,
10 5,6,7,8,%0r10;
and/or:
(C) diazabicyclol2.2.2]octane,  diazabicyclo[5.4.0Jundec-7-ene,  dialkylbenzylamine,
dimethylpiperazine, 2,2'-dimorpholinyldiethyl ether and/or pyridine.

15 14, Polyurethane polymer obtainable from the reaction of a polyisocyanate with a polyether
carbonate polyol according to claim 9 or a polyether carbonate polyol composition

according to claim 13.

15.  Polyurethane polymer according to claim 14, which is a polyurethane flexible block foam

20 or a polyurethane flexible moulded foam.



