= 1 - A process for the production of polyether carbonate polyols The
present invention relates to a process for the production of
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subst ances, one or nore al kyl ene oxidgs (epoxides) and carbon dioxide
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The formation of copolymers from epoxides (e.g. propylene oxide) and carbon dioxide has long been
25  known. Thus, for example, US 4500704 describes the copolymerisation of carbon dioxide and
propylene oxide using DMC catalysts. The process is a batch process, i.e. catalyst and the full
quantity of propylene oxide are charged before the beginning of the reaction and carbon dioxide is
added before heating. By filling the autoclave with the full quantity of epoxide, however, there is the
disadvantage that a large quantity of propylene oxide is charged which, in the event of homo-
30 polymerisation, can lead to the evolution of approx. 1400 kJ/kg polymer. Such large amounts of heat
can be controlled only with difficulty in a stirred tank and thus entail disadvantages on the grounds of

operating safety.



- 2 - A batch method within the neaning of this invention is
understood to nean that all of the feedstocks, i.e. epoxide(s),

opt i.onal W JF/asmed2i onal starter substance(s) and carbon di BXI/ER01L#6E707
i ntroduced into the reactor before the beginning of the reaction. In
the context of this invention, a sem -batch method 5is understood to
mean that at |east one of the above-nentioned substances is fed into
the reactor over a certain period of time. WO A 2006/ 103213 descri bes
a sem -batch type process by way of exanple, where the Hfunctional
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According to WO-A 2008/092767, the quantity of carbon dioxide incorporated into the polymer is
dependent on the CO, pressure in the reactor, a higher CO; pressure resulting in a higher
incorporation of carbon dioxide into the polymer. This has the disadvantages that in procurement,

35  expensive high pressure equipment is necessary for large-scale industrial production of polyether



di sadvant ageously associated with an additional step and thus creates
additional costs. A further disadvantage of a stirred tank is the
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that the heat |iberated by the polynerisation (> 1000 kJ/ kg pol ymer)
cannot be 10 dissipated very efficiently over the surface of the
reactor, which may have a di sadvant ageous effect on tenperature
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35  carbon dioxide and one or more H-functional starter compounds. To make world-scale production

possible, so-called "numbering-up" must be carried out, which leads to uneconomic production



15The tubul ar reactor within the neaning of the invention generally
has a ratio of tube length L to tube dianeter dR of L / dR > 50 and
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In addition, it has surprisingly been found that in the process according to the invention, DMC
30  catalysts can be used without prior activation steps (in the presence or absence of carbon dioxide).
This has the advantage that, compared with a batch or semi-batch process in stirred tanks, no prior
time- and cost-intensive activation step of the DMC catalyst is necessary. In principle, however, it is
also possible firstly to activate the DMC catalyst in an upstream step and then to use it in the process
according to the invention. The upstream step for the activation of the DMC catalyst can take place
35  in a first section of the tubular reactor or in an upstream reactor which itself can in turn be a tubular

reactor or a stirred tank.



(i) the DMC catalyst is suspended in one or nore Hfunctional starter
substances, (ii) the suspension from (i) is brought into contact with
one .or mao20ad/apl@ne oxi des and with 10 to 200 bar, preferabt/pp51/067707
180 bar, particularly preferably 20 ta 120 bar carbon dioxi de, and
(H') the mxture resulting from(H) is reacted in a tubul ar reactor
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Reaction pressure is understood as the pressure in the tubular reactor (step iii). This pressure can be
controlled e.g. by introducing more carbon dioxide into the tubular reactor to increase the pressure or

25 reducing the pressure by means of a valve on the tubular reactor.

In step (ii) the individual components can be brought into contact simultaneously or consecutively,
before the addition to the tubular reactor or in the tubular reactor; a "consecutive bringing into contact"
of the individual components is understood to mean that

30 (ii-1) the suspension from (i) is firstly brought into contact in a first mixer with one or more alkylene
oxides and then brought into contact in a second mixer with 10 to 200 bar, preferably 15 to 180 bar,
particularly preferably 20 to 120 bar carbon dioxide, or
(ii-2) the suspension from (i) is firstly brought into contact in a first mixer with 10 to 200 bar, preferably
15 to 180 bar, particularly preferably 20 to 120 bar carbon dioxide and is then brought into contact in a

35  second mixer with one or more alkylene oxides.



The feed lines to the m xers or tubular reactor can preferably be
heated, and so it is also possible to use solid or highly viscous
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made of stainless steel, but it also possible for other materials to
be used provided that the material is conpatible in terns of

f eedst ocks/ products, pressures etc. The tubul ar reactor can be
construc i

oo t Ul it e be e £l Py B 1l bR e WP BN od Bty
such as hiwftélmmeemre |nnpelyma1isatibna:mtrein§1em12@ The internal di arret er of

t he tubul ar reactor can be the sane over the entire |length or can

vary. The internal dianmeter of the tubular reactor is preferably from
1.1 nm t BheB0ihlammactBiois egxalmpled fuba Gric pessibbentbodimentfis shiven dialramamaticabiyp ot Togure
is thinn ¥ Y .
the Degi FiiiTe A s FRARF 2Rl A p Kt RBR \iBRLUAR ARG AN 53l vy an
of the ninke(£1wo wnidd(A2)afoe &enmperatikeucmptrolgiimse. Blat feedstoblesai.c. el mamge of BMC
achi eved, . P r abl

Fubul ar -SSR, ofm SErholalr ke bbb B Ble b B ERGleRe bilfs ) anc
of 1.1 newrtiop dioxitle OCmesultangdrooveep (tlheresemmn@s@ﬁectmbﬂm% chetprt (6) hmmgbhrl firtlet)
has an i f

or ef er ab td%e?l%%ubtglg%&r(gg&uésﬁ?mw é)?l %rl C%l%gllé:ag% ?og)(orlR 199011??]%0@15 removmt the
of tHe |¢th@nnddmetah1@ra&gaor(eaiedence tinmes of 0.5 minutes to 6 30
hours, preferably of 1 mnute to 4 hours, particularly preferably 1
mnute to 60 mnutes, are established in the tubular reactor. The
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turbulent flow profile is obtained (dinmensionless Reynol ds nunber
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H function ef substanceas of PH tlre 6
starter sctbmtcafmhaembmiamrebremasldenheathavalrd sacrmdpnefct'mhsTmf; hishthe péaatagy that at the

Thi's mikl:» %mhltng % ﬁl%ltlﬁ)u?al reactor %dlﬂ reac h)n%(s) resXImaF fhe more favourable area / volume
ratio a better heat exchange is achieved. Preferably, over the first 20 to 60% of its length the tubular

25  reactor has an internal diameter of the tubular reactor of 1.1 mm to < 100 mm, and over the second

80 to 40% of its length it has an internal diameter of the tubular reactor of 100 mm to 500 mm,

preferably of 100 mm to 250 mm.

Preferably according to the process of the invention, average residence times of 0.5 minutes to 6
30 hours, preferably of 1 minute to 4 hours, particularly preferably 1 minute to 60 minutes, are
established in the tubular reactor, The average residence time can be determined from the ratio
between volume flow and reactor volume, the latter being obtained from the internal diameter of the
tube or tubes and the length of the tube or the length of the individual tube sections. If the residence
times are too short, the conversion is generally incomplete, and too long a residence time is generally
35  disadvantageous in terms of the space-time yield and thus makes the process less economically

viable.



A tubul ar reactor with an internal diameter of 1.1 nmto 250 nm can
preferably be operated without inserts. A tubular reactor with an

i nt er nal wai @nBe@I620f > 250 mm to 500 mm can preferably coneai/EP3oeE707
or nore static mxers or a conbi natlon] of static mxers and heat
exchanger (e.g. cooling coils). It is ‘advant ageous if the entire

vol une of the tubular reactor is filled with Iiquid/ suspension.
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20 to lzlqleb ried [ﬁ\/IC ca{a y@t }shp?reta laH')J/ hdded %Cé Isu.%gen ionein one or more H-functional starter
substances. Typical concentrations of the DMC catalyst in the catalyst suspension are from 0.1 —

50 wt.%, preferably 0.1 — 25 wt.% and particularly preferably 0.1 — 10 wt.%, based on the catalyst

30 suspension comprising DMC catalyst and H-functional starter substances. The suspension should in

any case be such that it remains capable of being transported by conventional pumps (e.g. diaphragm

pumps).

It is advantageous to grind the DMC catalyst to a particular particle size before use. Particles smaller
35  than 100 um have proved practicable. In principle, even smaller particle sizes are even better in order

to avoid blockages.



15 the addition of one or nore al kyl ene oxi des and carbon di oxide to
one or nmore Hfunctional starter substances in the presence of at
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35hydroxy esters, polyether polyols, polyester polyols, polyester

et her polyols, polyether carbonate polyols, polycarbonate polyols,

pol yet hynanmizises, pol yet her amines (e.g. so-called Jef f apCTv@Bim)/ 067707
10 - from Huntsman, such as e.g. D-230Q, D-400, D-2000, T-403, T-3000,
T-5000 or correspondi ng products fromBASF, such as e.g. polyether

am ne D230, D400, D200, T403, T5000) pol yt et rahydrof urans (e.g.

Pol y THE( g hf I’E% B'?\e%lczzfor 35::'1 g?heraﬁ% 91 SF ?edyreactlgn )p(eési}%iz tplé%as tl{ Oocgante:al'g(gotgg 'the

1400, 18 dranam nes
Pol ytetr ﬁela(jm:hcw are puresant mdrqi;iZinBr)m eveﬁ apatwet! emipetahire s adqnuzlnyablgly p@ssere causes

pol yol s, (f]a ExOFatOI #aeia%,tlon Jﬁ%ng hI%(i:!l s gc%ngcl: ¥iI%rFf ra's d\agallois léﬁ 6\919 l ﬁ{e m%?mﬁi F of the

nDnoegcerl €s 0

triglycerhdsgs.of fatty aC|ds, and CI-C24 fatty acid aIkyI esters

contg ning on average at | east 2 OH groups per nolecule, are used.

The Cl-C24 fatty acid al kyl esters containing on average at |east 2

CH gr oupﬁhqneplyad)éreca:bmamr polgelnestedihed e@omiibrec kaalthep iroelataims cau gbnegdly have a

Lupr anol e E inal (r a
To8 aochiRARES b dn (3 Rordbrkusy 1P B £ Prickdio i SORRHIE 3k and most pastioyfory
Co. KG) pmiraBlyol £ rth AV Teadescul4iSBastEds )preféksblm‘@tﬁ@fturi@ﬂﬁ)(bgmmSahdtr]ia&lcularly

conpounds ) t,0 use al cohols, amnes, thiols and
car boxyl ckg%bggegaakﬁﬁﬁdyunctlonal al cohol s t he foll owi ng can be

usedi0 nmet hanol , ethanol 1- propanol, 2- 15 propanol, 1-butanol,

2 bt oo 198?00 DAl 5Bl e e s
2- met hyl ac2endimgpaniod invdntioer Thd)alkyimya- @elqlﬁsopﬂﬂZ)F 24] ezplamt zﬁmﬁi are €.g. one or more
2- hept anarrolRaSanStrom 16 GEAE Sisod s oNeB P oo Bb AR oce
phenol , 23-[hytdnmgrdn, privesthyll-1,23prdpede (myéa(ilwbmmel qxidé), 1medueme<mbdqp RSrpghtene 0x1de

oo Puner S 2 Byets BN Sefnend ML TR i 2 B quice. 34
tert- Ibufj elxeurel axéle, Zmntlwl & Aipaetend@oide, amen@; 1 Avpiehtiemeoxidez FJretlﬁl nﬁ-butene oxide, 1-
pyrrolidin Jorp nal thiols

possi bl o BUFE LaklehEon Rt Mofens Pe TeHPR -8 b ne by Hotceatcxid,
1- but anet-hiethlyl-1,3-paetrey loxide; Um’tﬂreeé himohgxide; blﬂdi]ﬁfne Indnbxkiod, , c?dhchpép‘h&ﬂ(ﬂx:de
As nnnofungklona ar bo i.C acl.

n
form o st dReion B8, SRIPhem e BUAT vbiBRenS iy Prel Ry HERyBEPgeorice
such2las ghaankicleaadmh- opablmliomim(tlfais asonencs, dCard, trngiymldes ep@hdigdddiatty acids,
| i nol eni Ci C ydric. alc
that ar eCsGr EabP e AboiEradrelt M 2Belbiedy G Bup iR e iy P ehoicors
di hydri csueh as)hgl methglughcldm ethef). eﬂ@u tgbkﬂybetgéry%ihylhdxyetgwidghethgl yinydlglycidyl
propyl en col 0 en 0 r.opa
" QT but et Bt e T Re N Porto e opil aRUPBENE ety e gy deibeidvion-
1, 5- pent[&ﬂ]@,dtrlniethoﬁﬁma‘tehngpeﬂybﬂﬁﬂbmﬂtﬁetﬁmﬂlhna,S?» gytgdyloxypropyltrlpropoxymlane 3-
ent a exa
PRI o DL LT T lsidyion
as e.g. ﬁo}%ﬂthlsslélby@idyﬂiayléret)ﬂeﬁa)bd);yodtl'i}ﬂlﬁ])éamﬁde, and/dreproyyl@nreotliey and ,in particular
tetraet hyl ene Ien glycols di propyl ene gl ycol,
tripropf¥gﬁ$“§g§§%weuﬁ f@é&ﬁ%é ¥9l ycol s, di butyl ene glycol and
pol ybutyl ene glycols); trihydric alcohols (such as e.qg.
trlnethy ol a cerol, trish drox y nura e 35cast or
0i l): ﬁvlgp Eleigfl%kgﬁgl §tax(tésru &I}Ii)stgg% cam %@H%/ a\g}l-y?-ﬁ 1c’h are active for
pol ysl C()zmmlxgla(idmm"h uel. Gr@ups Sothictival H atvesi wigth ars ueve er, aIEd@raﬁbn aigteq). COH,
hydr ol ysﬁrl-le%pr:maly arlfllgngs e—’NI—fﬁils:chll]cg?yearrt}ngs,QgMSal% -EELSOZI{'Y&![ gl)l(c}/ l—ﬂle are preferred and
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35  hydroxy esters, polyether polyols, polyester polyols, polyester ether polyols, polyether carbonate

polyols, polycarbonate polyols, polyethyleneimines, polyether amines (e.g. so-called Jeffamines®



functionalised fats and oils, in particular castor oil), and all
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i s possiBPE" ?‘ﬁ u:lefﬁlﬁ%“e&ingg%&ﬁf%‘dcq E%Hﬁ’é’?a- Pk offRRId rgy")i qu'pe“ta“ed“’l
Mat 30 al iBethgpaneanddiols (sieh agSeiﬁ gnetaﬂsmpaméml)q ﬁh&&naﬁ?lmﬁf@ﬁh&ﬁ&lrl ,10-
C 2200, as on te ol s...l.n anot ment of t
nvent | ORETBOPY et hEFREERBEHS: o HURYBIMEH BE IS B asCREY bt i%onal 1401
starter (mabsimﬁ@gcycﬂohemej,l G‘Léth@ffene pgllysett haraetigleho ngjodl, p@bwahﬁewl olfols,
are obtadnableb [1 (fess ordln tothelg\é ¥|ond gl
ipropylene g¥yco tri rop ene glyco polyprogylene glycols, dibutylene glyco and poly utylene
glycols); trihydric alcohols (such as e.g. trimethylolpropane, glycerol, trishydroxyethyl isocyanurate,
35  castor oil); tetrahydric alcohols (such as e.g. pentaerythritol); polyalcohols (such as e.g. sorbitol,

hexitol, sucrose, starch, starch hydrolysates, cellulose, cellulose hydrolysates, hydroxyl-



wherein x is a nunber from1l to 20, preferably an even nunber from 2
to 20. Exanpl es of alcohols 20 according to fornula (11) are ethylene
gl yecol , woRobro4anedi ol , 1, 6- hexanediol, 1, 8-octanediol, 1,ROFEP2011/067707
decanedi ol and 1, 12-dodecanediol. If _ Eg al cohols are solid or highly
viscous at 20C, it is advantageous to heat the feed lines to the

tubul ar reactor. OQther preferred Hfunctional starter substances are
neopenty I i.et hyl.ol | ycer.al t i , )
react i onuBiohied ot WU 8 RERBANSd AR oI F ABRBE VRIS A bt wbove
e- capr ol meitivne] alenhgls withalefferem qumbtiesci s-cafrol2orter i net hyl ol propane wi th
e-caprol actone, reaction products of glycerol with e-caprol actone and
reaction products of pentaerythritol with e-caprolactone. It is also

pr ef er r ethd Bfungtiorat starthir evtistahens eamdlsacts! selectepfrop yeantrss gi ynbstancesoafdhagrolyether
oil, sorpj . - DO i r i

pol Yol kyPhdh sEPRAARURE Fin BRSr PHblont b B 098K o pinol. prefemed
subst anc®s poF&tReriolyold ANk yp ficef epabihy ¢thyloe dkideuandtprepydne skide bigits, preferably
subst anc r (N s sgel f 0 .
consi ot 1 fin pieBlien 8F 251 SusPIRBHEEHARAREL BbURLD bR Up proporton of
1, 3- but a¥lede di)%1phpylenet axidelivolts. TheSe pentban@ddam ,copolymers, gradient copolymers,
2- et hyl - -di 0 . - he edi. o

oct ancdi e RGREpeeliaC BN SR khe SE o pbr e HETELRLE pbifder poyots
tri mEt hybwlt pp Gpanepeatitig promydene okile motar ethalenpatigettie rrepad. YPebegphtife Acclaim®,
pol yet he |y, in il t o di - - Hfuncti |

starter élﬁcggt al%ié/ggg%aﬁa 1pr’op%/ eﬁ{a’ gl)g(al %] ’orPE?igd}algd o‘;;“_l ){eﬁ}%{ I-.Boﬁ)@ﬁsctflménna ayer
start er MalsgtlStioes ASt GpsH wreez. Ocimiephentdd 660 hyDesmeptex’ d0UTAec po®\Retsoe2200,

pol yol s .08 [ | heer 2

haon_  RGRISE RO BRCARSRAG e WEoBPonM 0D, ARGEIANAE) @b, KRel*Pon
nol ecul al07@eBaghel"NBDilh 18, BayfidhyBPG 78R BageaBORES, FERS(106h dolyether® $180). Other
f unctd onal.i The, pr.oduct i,on,of. & 0l her r bonat,e .
ol yh o Ry n8inofoidedene RIS, ilpfiale e el HodE BAGR" SR Guitabl
al ky| enehamopdiepropyertd- bxidest aroreed. thd Rhwiel® B Ubatda rfoes BARFeSE,eqmh suitable mixed

"H funct ] " Wethin the neaning, of t.he invention i % ynderst
the nuntsPosper RS AT AR ko ar SR PPl T S B e paenas
of the sframBaSFS&Empound. DMC catal ysts are known in principle from
the prior art (see e.g. US-A 3 404 109, US-A 3 829 505, 10 US-A 3

941 849 and US-A 5 158 922). DMC catal ysts, which are described e.qg.

i n US- A BedT-un8d@al dERtcAsBRn@4 0gn 40-ba s@ldBeddB@n tHeRiAs d6libstiBes dffthe polyester
97/ 40086 / nd 0/ 47649, have, very high Lvity. in the
homopol Yioer égr?f%rﬁg% ' tgﬁsgx‘?" eg "é"i%f"f%k"é‘%%% &ﬁo?s'%ﬂ%l% 6’?ébgéﬁé’£0d ol s
pol yet hegolyseterypdlgolsyiat Feastedifyndtional gatyastyrs tarecaad dhtfe@bly opdyds 26 pgpats onsist of
| ess), s h eparation of .the catalyst fromthe finished prodyct ..
< gbnerdeltle, KE LIS Anid 08 58 Folpincnls”Ter Franisnp aruf S matei
descr i beuhydride,1 3dipR- #id,0phtBadi® arthgdiddet \phihald aeddarsppkthalivi adid, tefephthalic acid,
addi 4. on_t le netal, cyani.de c oun . 0. ,Zl nc . .
ety ansidndophde e | Panitef: GERRNE rshudfortfishf aniyarige o mixtres of
tert. - bubanoly acids apd/ocaritydiides arepieddy &t hieshohednpoacms rlzeéthaedioR §2-propanediol,

nmol ecul ar i ght. gregter tha O a/myl., It is also possiple to use, ..
the al kzaajl’%_m%p%l%oga? gﬁ% “8‘51'8'?3319 'c?g'ganrglﬁwl’Elﬂe%Bﬁyflcglﬁ' ?dg?n %%ﬁ%‘é?edlo" 1,4-bis-
1016317(Ill)’ajro@@lefhyac&cdiﬂwiqne,edimylaﬂle slgbdlsdiptobylamd glyfay trinfeehyiri@eipumt,i gliicerol,
?];r mleadp?eﬁ ﬁl:rje/t’h% %r.n%ﬁa}?sl)oqg@ca%g?eoalf&ggls Ea)rreeufseedr ?fbc{i%lebl?grepoﬁyaglelgt%gﬁfregller polyols
30  are used as the alcohol component, polyester ether polyols are obtained which can also be used as
starter substances for the production of polyether carbonate polyols. Preferably, polyether polyols

with Mn = 150 to 2000 g/mol are used for the production of the polyester ether polyols.

Furthermore, as H-functional starter substances, it is possible to use polycarbonate diols, in particular
35  those with a molecular weight Mn in the range of 150 to 4500 g/mol, preferably 500 to 2500, which

are produced e.g. by reacting phosgene, dimethyl carbonate, diethyl carbonate or diphenyl carbonate



wherein Mis selected fromthe netal cations Zn2+, Fe2+, N 2+, ne2+,
ce2+, 5r2+, 5,12+, Pb2+ and Cu2+, with M Zn24, Fe 2+, Co2+ or N 2+

bei ng prwfegmze9i62 X is one or nore (i.e. different) ani oAST/EP2011/067707
preferably an ani on sel ected fromthe_lgtoup of the halides 30(i.e.
fluoride, chloride, brom de, iodide), hydroxide, sulfate, carbonate,
cyanate, thiocyanate, isocyanate, isothiocyanate, carboxyl ate,

oxal ate d bk ; ' i = t r :
nis 2i Xdﬂt %cg?#age?lg%ﬂﬁ ré&i%l@?& t(e:rygﬁlggﬂg, &:[ ﬁ?%&@gﬂﬁ)@()% sEgcy l%aﬁ %lm 0
i sot hi ocydyratbenges pirnt batloynd e.g14n -EPME (DRP3I() Fahexanple.Mtsie| poetidel tp suse the
fromthe @at-i R + , j €~ 8.

di fferen? zf?il]%lng%: %%%Fera |B§%§ﬁM§%ﬁ%ﬁ‘%%§e%@§dj °§rag$%ﬁ%“§'ra Elﬁeﬁ)] 0 qt1 %Oe or
hal i des DPgsmeophdn(o2208eas pelycasbordts didds.oni de, i odi de), hydr oxi de,

sul fafe, carbonate, cyanate, thiocyanate, isocyanate, isothiocyanate,
carboxyl ate, oxalate and nitrate; r is 2 if X = sulfate, carbonate or
oxal at e hnahother embpodiment ofﬁhe)dnb:enﬁg_n,ip@bcethhly@hrmatd@plyggsmatbe,used as H-functional

Lo ooy, SRRSO ALY S, £916
M X) , (V) actgrding to the invention described here are used. These polyether carbonate polyols used as H-
functional starter substances are produced in advance in a separate reaction step for this purpose.
10
The H-functional starter substances generally have a functionality (i.e. number of H atoms which are
active for polymerisation per molecuie) of 1 to 8, preferably of 2 or 3. The H-functional starter

substances are used either individually or as a mixture of at least two H-functional starter substances.
15 Preferred H-functional starter substances are alcohols of the general formula (I1),
HO-(CH,),-OH (1D

wherein x is a number from 1 to 20, preferably an even number from 2 to 20. Examples of alcohols
20 according to formula (II) are ethylene glycol, 1,4-butanediol, 1,6-hexanediol, 1,8-octanediol, 1,10-
decanediol and 1,12-dodecanediol. If the alcohols are solid or highly viscous at 20°C, it is
advantageous to heat the feed lines to the tubular reactor. Other preferred H-functional starter
substances are neopentyl glycol, trimethylolpropane, glycerol and pentaerythritol, reaction products
of the alcohols according to formula (II) with e-caprolactone, e.g. reaction products of
25  trimethylolpropane with e-caprolactone, reaction products of glycerol with e-caprolactone and
reaction products of pentaerythritol with e-caprolactone. It is also preferred for water, diethylene
glycol, dipropylene glycol, castor oil, sorbitol and polyether polyols built up from repeating

polyalkylene oxide units to be used as H-functional starter substances.

30 Particularly preferably, the H-functional starter substances are one or more compounds selected from
the group consisting of ethylene glycol, propylene glycol, 1,3-propanediol, 1,3-butanediol, 1,4-
butanediol, 1,5-pentanediol, 2-methylpropane-1,3-diol, neopentyl glycol, 1,6-hexanediol, 1,8-
octanediol, diethylene glycol, dipropylene glycol, glycerol, trimethylolpropane, di- and trifunctional
polyether polycls, the polyether polyol being built up from a di- or tri-H-functional starter substance

35  and propylene oxide or a di- or tri-H-functional starter substance, propylene oxide and ethylene

oxide. The polyether polyols preferably have a molecular weight Mn in the range of 62 to 4500



wherein Mis selected fromthe netal cations M4+, V4+ and Wi+ X

Is one or nore (i.e. different) anions, preferably an anion sel ected
fromt hewfrapo4ez he halides (i.e. fluoride, chloride, brbdalde011/067707
i odi de), hydroxide, sulfate, carbonatgg_cyanate, thiocyanate, _

20i socyanate, isothiocyanate, carboxylate, oxalate and nitrate; s is

2 if X =sulfate, carbonate or oxalate and s is 4 if X = halide,

hydr oxi dg/t mof %N fotiohdHtPEYARAL R i f%Péan%l cmgr%éqéh%m zi]l]ieerfmge of 62 to 3000

carboxylate or nitrate,” 250r suita cyam ee meta

t he geneg/Alol ﬁr@rarfuméw(lahtb)ofﬂ\lpﬁ) ?2(VI) wherein 30Mis selected fromthe
metal cations M6+ and Wo+ X is one or nore (i.e. different) anions,
preferably an anion selected fromthe group of the halides (i.e

f1 uor i deThempdsictiereol thy priyedieer carbetiateaplyohyeienRrlinethy catalytiapdditiereafisaihen dioxide
cyany e, aﬁdmlm%@%%d@s tol f?@&%ﬁ&ﬁE ﬁartér%@:{sph&gyﬂ{%atg "S- ﬂfn@f?&ﬁ%l"%l rin the meaning

oxal ate and nitrate; t is I f car onate or oxalate a
35t is 6of the Xnventiey ISd@derﬁgwdd 6x |t1u:er,1unda¢anétHeatomhwcbur,oyiaatataet,wei ®oelkaxydaton per

I sot hi oc r nitrate. WO
2012/ 0493{12%%11@ féﬁ’% 6%70819&- 15 - Exanpl es of suitable cyanide-free

netal salts are zi nc chloride, zinc bromnide, zinc iodide, zinc
Sl fate F"Féﬁ‘é%%t SR BRInt? 6 QERER Hfiee Ee05 R 4 F0F R, LSRN 820505
cobalt (1V§-4h riad BIS-AiSdRBODI PMshiatalystiewbiplam descsbyd 4.9, imbBras 470 813,
It i's al 8p.A 700 949, EP-A 743 093, EP-A 761 708, WO 97/40086, WO 98/16310 and WO 00/47649, have
very high activity in the homopolymerisation of epoxides and make it possible to produce polyether
polyols with very low catalyst concentrations (25 ppm or less), so that separation of the catalyst from
the finished product is generally no longer necessary. The highly active DMC catalysts described in
15 EP-A 700 949 are a typical example which, in addition to a double metal cyanide compound (e.g.
zinc hexacyanocobaltate (III)) and an organic complex ligand (e.g. tert.-butanol), also contain a

polyether with a number average molecular weight greater than 500 g/mol.

It is also possible to use the alkaline DMC catalysts disclosed in EP application number 10163170.3.

20
Cyanide-free metal salts suitable for the production of the double metal cyanide compounds
preferably have the general formula (I11),
M(X) (1)
25

wherein

M is selected from the metal cations Zn**, Fe**, Ni*', Mn®", Co*, Sr*, Sn**, Pb* and Cu®, with M

Zn*", Fe*’, Co® or Ni*” being preferred,

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

isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;

nis 1 if X = sulfate, carbonate or oxalate and

n is 2 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate or nitrate,

35 or suitable cyanide-free metal salts have the general formula (IV),



5possible to use mxtures of different netal salts. Suitable netal
cyanide salts for the production of the double netal cyanide
conpound¥W@20at/e498¢2 y have the general fornmula (VII) 10(Y), POT/ERIUI1/067707
(A),(VIl) wherein M is selected fromgne or nore netal cations from
the group consisting of Fe(ll), Fe(lll), Co(ll), Co(lll), Cr(ll),
C(ltl), M(lE), M), ey, NCi), rRa(iir), RuCll), V(I1'V) and
V(V), and M is 1b5preferably ONeyQky mor e netal cations fromthe( gfoup
consisting of Co(ll), Co(lll), Fe(l P3) Fe(l11), C(lLiL), Ir(lIl) ae

Ni (Il'), Yis selected fromone or nore netal cations fromthe group
consi stipg..o %1 al kali metal (i.e. Lie, Nat, Rb+, Cs) and al kaline

earth metal . Be2+, Caz2+, My2, Sr2+ Ba2+) Ais sel ect ed from
one or nifkssleatnd csﬁ@nflihometaheatlgnﬂpﬁ ABneidgEr ng of halides (i.

fl uorﬂ deX i€ 'ahé)&l Iq&‘e ?lﬁlalff?e%n% amdn@%rgfgl)abl QX%%%S'SQ tecfsﬁ%rtleﬁliee roup of the halides
carbonate, cyanate, i ocyanat e, |socyar‘4ate |sot?1| ocyana %

car boxyl Giee fluosidg, ahiorige, hlqmdﬂ, diodifie), ha(dmbidanwlf@tearc@rbpnat@garasate,t Héocyanate,
val ues f C there is

el ect rongﬁﬁyra% éjlsg{h%c?%rﬁe grfkg?ozﬁﬂa% %’ﬁﬁ eﬁggﬁa{e ais preferably 1, 2, 3
or 4; b i@Zpﬁ}éFépﬁm yarkonage QtrOXﬁate@anr eferably has the val ue 0.

25Exarrp| fie SULL e

nexacyanogopal fat a1y ey oA OB e Sty BRIE Bl banato, cuorylte o
hexatyanwfeter ate(111), cal ci um hexacyanocobal tat e(l1ll) and lithium
hexacyanocobal tate (I11). Preferred double nmetal cyanide
conpounds that are contained in the DMC catal ysts according to the

30i nvent ¢rehitatecyendpiiemueialohlis nse te geresd! ffroplniVa (VI 11)

mx[ Npx, (CN)yi z(MI11), where Mis defined as in fornulae (I11) to
(M) and 35M as in fornula (VIl), and
M(X); (V)
15
wherein

M is selected from the metal cations Mo*", V** and W**

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

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

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

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

nitrate,
25 orsuitable cyanide-free metal salts have the general formula (VI),
M(X): (VD)

wherein

30 M is selected from the metal cations Mo®* and W*"
X is one or more (i.e. different) anions, preferably an anion selected from the group of the halides
(i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate, carbonate, cyanate, thiocyanate,
isocyanate, isothiocyanate, carboxylate, oxalate and nitrate;
t is 3 if X = sulfate, carbonate or oxalate and

35 tis 6 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate or

nitrate.



- 16 - x, x', y and z are integers and are selected so that there is

el ectron neutrality of the double netal cyani de conpound. The

fol .ow nyazog2/poed2er red: 5x= 3, x' =1, y= 6 and z= 2, M =PZIVEPIN1/067707
Fe(11), Co(ll) or Ni(Il) and M = Co(lkl), Fe(lll), C(lIIl) or

Ir(11l). Exanples of suitable double netal halide conpounds a) are

zi nc hexacyanocobaltate(lll), zinc 10 hexacyanoiridate(lll), zinc
hexacyanoferrate(lll) and cobalt(I1) hexacyanocobaltate(lll). O her
exanpl es of suitable double netal cyanide conpounds can be taken from
e.g. US BxaiflesodXsujteldt gramid®;frdei mesl 28s are6Bdc clpmds, zinc bromide, zinc iodide, zinc

h d.
nexacyangiiabiabhlilorhs, B bLERIECA, MRS AR RE T SR o
di scl oseechleridg, cqbﬂit(ﬂlﬁﬁlwisl%wb&l&ﬂ%@ocy&@@, ninkeh@) thictideaand oskeldh n&;atd iItneslso

ep. a forPote Bl R0 TS "en’a 743 005 and VDA

97/ 40086) . For exanple, water-soluble, organic conpounds-wth

het er oat gig I S

can form Cotr?lgﬁxlé%%;e] Em@%%gﬁ Qor Jﬁ'é @09&%91{1 f ﬁllg dggn'ﬁ% pn%ta? n%a%&He d:%ﬁlgomé glt%gerably
as or gankaye dogoha forimydn( @D Preferred organic corrpl ex ligands are

al cohol s, al dehydes, ketones, 20 ethers, esters, am des, ureas,
nitriles, sulfides and m xtures thereof. Particularly preferred

orgaHl ¢ conplex ligands are al (pPhBtICNe®hers (such as (VID
di met hoxyet hane), water-soluble aliphatic al cohols (such as ethanol,
i sopropanol, n-butanol, isobutanol, sec.-butanol, tert-butanol,

2- met hy| wirgiut en- 2- ol and 2- et hyl - 3-butyn-2-ol), and corrpounds whi ch

contain IOIOISQel%!:tEn? B! Ge Q)[f n¥o¥g lng@L !‘;ﬁl%%t frgrrl% G0t &ggt?nrgt 0 ?Ii[)il Fh@lil)h Co(m,

hydr oxyl groups uch a
di et hyl eGI2 Sr@D, y@lﬁﬂll)nﬂnﬁl)t Mm(HI) ti!:(tﬂif)l, I‘b(ﬁll),eRJKIH)r RpﬂbpY(Wﬂlen@W‘épland M' is

m)nofEEt h;%'efe%}nhegnle% ‘%“e ali%élt oﬁs iy L0 %ggpmtcgl?‘srl] ‘of %ba @qu)négeﬁﬁ,r ergll),

organi c co ands are selected one ore fore
the gr ou@(ﬂbﬂs(i[lé)tand@l(d\h di met hoxyet hane, tert-butanol,

2- hyl h
rono- oY - Baref Heite of maftShecn? Yoo e oFha T RUGNER g 1 N
one or nigr&be @&ﬁlaed(alkaimmemtj] mﬁaﬂﬁo‘n@m{*( )", MginSt*hdal),asses of

d t t | . .
conpoundg xsoieletc{%g R dre %Ir{ﬂ% §mo Oilré/n? %egg'rrostgyl %gf%tlﬁlg gl%;@(%F %1ger 9E?r 1 chloride,

pol yal kyl ene gly sor an es ers,
et hedls, l;mhyla,croylldamfdéroxm,l su(faer ydlranmatzbecwaac thidcyanagg iishpyanpe) isathioyynate,

acid, pol, | i (o] eic acid), polyacrylonitrile, polyalKkyl
acr yI at eésygog}glf[i%’aqxéla Orqn%%grg{jll ates, polyvinyl nethyl ether, polyvinyl

et hyl etdabrnd paleyintegey, theceluat for a pindnyl\clbﬁylg sdhat@hmlthat there is electroneutrallty of the
ly- N | id
e oy P Sl BB LS B0 s BRRP LR RS ik e o

aci d- co- styr ene) oxazol i ne poI yrrers poI yaI kyI ene | m nes, maleic

aci dyzan n ide co ydr oxyet h C ul gse.
anddzpol ;‘/Ea)%@ E Ofa 'még Se "G A ‘g’é"y “ et %eraée ass“b |lbeé§° %Oﬁ?%agﬂtﬁﬁilt a‘ﬁfsa‘“m
esters dfexqwdtrgplfwdte(lé), ab@s;hml hexamaha‘eaﬂe(mx oalclsal HesacyarsietrattateflI] paiddietsium

t hereof, cv. Jm%g@gg}t tg ﬂ%ﬂ' phosphorus conpounds, a,f3-unsaturated
car boxylic s“or ionic surface- or interface-active

conmpounds are used in the production of the DMC catal ysts according
to the 'ﬁ?gfgﬂéd a%ﬂble%etal cyanide compounds that are contained in the DMC catalysts according to the

30 invention are compounds of the general formula (VIII)
MX[M’X,(CN)Y]Z (VIID),

where M is defined as in formulae (III) to (VI) and
35 M’ asin formula (VII), and



Preferably in the production of the DMC catal ysts according to the

i nvention the agqueous solutions of the netal salt (e.g. zinc

chl ori deWO &I a stoichionmetric excess (at | east 50 noPETARF2WHEEFA07
on nmetal cyanide salt), i.e. at leastg_nolar ratio of cyanide-free
metal salt to netal cyanide salt of 2.25 to 1.00), and of the netal
cyani de salt (e.g. potassium hexacyanocobaltate) are reacted in the
presencey 10 0fnd DGrMmBRRL GnE lelefc&(te& §¢ V\ﬂth@r% i¥ ele&t?cfn nell ﬂﬁ:@@fg thk dofibit Rfetal
first step, 5o that a suspensi on forns contai ns the double

met al cyé&rndecedpgyodind (e. g. zinc hexacyanocobaltate), water, excess
cyani de-free nmetal salt and the organic conplex |igand. The organic
conplex ligand can be present here in the aqueous solution of the

cyani de- Thelelipning pregegferrednd/ or of the metal cyanide salt, or it is
added5dlge@tky_fq”;@gngysgen5|on obt ai ned after preC|p|tat|on of the
doubl e net af ani de conmpound. It has 15 proved advantageous to mi x

t he aqueUhszﬁﬂgJFﬂBngo@ﬁOtﬂéﬂbvdnlde free metal salt and of the metal
cyani de saltcqmg, fed) & ganbCr@@pl ex ligand while stirring

vi gorously. The“suspénsion fornmed in the first step is then

optionally treated with a further conplex-form ng conponent The

conpl ex- Eﬁdﬂl&%fcmg%hblla %éten'lﬁlllg %gmf[acﬁlaﬁ)sr glreaglllcy b&)bﬁta’c éHI), zinc

m xture wth water and organi c conpl ex prePerre process

for Ehrriixagaeitidai{BDs izingt heragypnpferrate(Ilthangr @zﬂ’aléﬁﬂo olexafyandsebaltate(Il). Other
SUSPeNs! Qitiplcd bbb BRSNS N arddUolipBthdd 8271 lak R

preferably 85| ng éréen di spers ? as Oﬁigscrlg éelﬁ V\DOA %% 958£58 92%60]“1“
t he secohding¥y,66) ql?éﬁcdﬁﬁoé@baﬁﬂe&mﬁ)els g@ﬁlqttdar(yprqferablm@sqglr ecursor of

the catal yst according to the invention) fromthe suspension takes

place by known techniques, such as centrifugation or filtration. 25In
a pref er Fesdorgasiostomp! izandseaddadotiring the mraghctionef thetlAVIGsatalysth arei dissloatde. in
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advant ageous. The quantity of carbon di oxide can be set by neans of
the reaction pressure or the volune flow. As reaction pressure, the
rangd ofOFI'@'ﬂaig' og0oriyeare coapley-fouhae lcympenefités) diohnythd Blagses df&@mbamds nﬁht poly—

Por oL pIRELEL B8bty bk Rt SRy ALYRIEROERLT
pol yol s.ctiRes mhecrpiama,d@ssnoafmoﬁajmmgcq—@rxlweam@v@nb/a@mhu acxﬂzasolf(amhreamd-co-
been shqyeit Q&&) b&?acﬁ:ﬁgﬂ rﬁmgf}@%l' aggflaté%r pglya?k lajagllyla%s polyvmy?methyl ether,
polyvinyl ethyl ether, polyvinyl acetate, polyvinyl alcohol, poly-N-vinylpyrrolidone, poly(N-vinyl-

35  pyrrolidone-co-acrylic acid), polyvinyl methyl ketone, poly(4-vinylphenol), poly(acrylic acid-co-

styrene), oxazoline polymers, polyalkylene imines, maleic acid and maleic anhydride copolymers,



when sel ecting the pressure and tenperature. - 19 - Exanples The

wei ght average and nunber average of the nolecul ar weight of the
resul ti n/pHFAHE was det erm ned by neans of gel perneati BRT/EP2011/067707
chromat ography (GPC). The procedure fqgklLowed was that of 5DIN
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. . - . ost b0 hciPleders o
cal i br at hoeReme! cellBs: 44d @Wﬁl%‘%%eﬂcﬁﬁﬁ%, APcokides, RASLS! 9| p {h’e f

53240, but using q%rl di ne i nstea hl or onet hane as "sol vent.

Ti trati oPolylegrie salqahels, bile agids rerosalis.netiesy st amiARs thererbrryclodenties, rhosphorus
10r ecognidihRRndY o fRANRuRHed RALERL APBIENk - or $RTE Arfald-lor Witk itacB abtfke tebinbSifhds

OH nunber was used as the test ‘substance. The specification of the
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pol yol (i.e. wi thout incofporated n di oxi de) with resonances .
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nol ecul ey Wiablkofs §&&BH%Q]%d@¥ani3%-ﬁ'eé ngtljal %ral?lﬂmr oi:]_hl% Iﬁ@él%alﬁ&&ﬂﬂr by 12% e'fsafded

the carbonate incorporated’in the polymer in the reaction mxture i
25cal cul difestly tectbe puspeigion obtabesrafter pracipitation ¢fdhg danble ndiad chastidesaimpgund. It has

abbr gyvi abihbaasadslgotsSB thix hétaqibows BlhuBensdf tﬂé"%aﬁﬁ?-@@@%?al it a41d50fgf?@1netal

for cyclic carbonate (corresponds to an H atom) F(5.1-4.8) = area o

t he resof¥anidesaiang the org@igenmplesrligae yeilersiringatidgsoonstye Thosugeansiam rmed i the

at om f Or first step is then optionally treated with a further complex-forming component. The complex-forming
component in this case is preferably used in a mixture with water and organic complex ligand. A
preferred process for carrying out the first step (i.e. the production of the suspension) takes place

20 using a mixing nozzle, particularly preferably using a jet disperser as described in WO-A 01/39883.

In the second step, the isolation of the solid (i.e. the precursor of the catalyst according to the

invention) from the suspension takes place by known techniques, such as centrifugation or filtration.

25  In a preferred version for the production of the catalyst, the isolated solid is then washed in a third
process step with an aqueous solution of the organic complex ligand (e.g. by resuspension and
subsequent isolation again by filtration or centrifugation). In this way, for example water-soluble by-
products such as potassium chloride can be removed from the catalyst according to the invention,
The quantity of the organic complex ligand in the aqueous washing solution is preferably between 40

30 and 80 wt.%, based on the overall solution.

Optionally in the third step, additional complex-forming component, preferably in the range of

between 0.5 and 5 wt.%, based on the overall solution, is added to the aqueous washing solution.

35  Inaddition, it is advantageous to wash the isolated solid more than once. This can be achieved e.g. by

repeating the first washing process. However, it is preferred to use non-aqueous solutions, e.g. a



cyclic carbonate F(2.4) = area of the resonance at 2.4 ppmfor free,
unreacted PO 30F(1.2-1.0) = area of the resonance at 1.2-1.0 ppmfor
pol yet heWQpMy/B42162 1. 6- 1. 52) = area of the resonance at 1. BCT&PA15267707
ppm for 1, 8-octanediol (starter) Taking into account the relative
intensities, conversion to nole % was perforned according to the
following formula (1X) for the polymer bound carbonate ("linear

b i ahid €or 1 a omplex in nert r in
Egr_ Sgggﬁ%(h!g@of b% i €o ﬁ@?ﬁﬂ fﬁ@ 1?1’56 Qasc?étgdﬁﬁlec 51‘ %Qm-s & é%lp%%* Z%ng) félrtﬁ‘%- 4,,%% g

(I'X) Theropisggsort i on by weight (in wt.% of pol yner-bound carbonate
(LC) in the reaction mxture was cal cul ated according to formnul a
(X) 5 LC - [F(5.1- 4.8)- F(4.5)]*102 *100% X) wherein the value for

N (" denofhhigelated and)optignadlywasiied seldl iathen fdsdneptionallycieriprdvetixing. at temperatures of

LON=[ 4( Sm:Igeﬂel'&)ZOF(]600@]31‘1&9?}:}]’5&61“6?%# i %gn"él‘: 6 8. lﬁba%'hgm?ﬁ f g&lr@%&lfﬂ%%ﬁ)ﬁ +0.

25*F(1.6-1.52)*146 (XI) The factor I02 results from he S
nol ecul ar wei ght s of COZ (m)l ecul ar wei ght 44 g/ nol)

A preferred process for isolating the DMC catalysts according to the invention from the suspension
by filtration, filter cake washing and drying is described in WO-A 01/80994.

10 Preferably, an excess of carbon dioxide based on the calculated quantity of incorporated carbon
dioxide in the polyether carbonate polyol is used since, because of the low reactivity of carbon
dioxide, an excess of carbon dioxide is advantageous. The quantity of carbon dioxide can be set by
means of the reaction pressure or the volume flow. As reaction pressure, the range of 10 to 200 bar,
particularly preferably 15 to 180 bar, most particularly preferably 20 to 120 bar has proved

15 advantageous for the copolymerisation for the production of the polyether carbonate polyols. For the
process according to the invention it has further been shown that the copolymerisation for the
production of the polyether carbonate polyols is advantageously carried out at 80 to 150°C, preferably
90 to 135°C. If temperatures below 80°C (e.g. 50°C) are established, the reaction ceases. At
temperatures above 150°C, the quantity of undesirable by-products increases markedly. It is also

20  advantageous for the CO, to be present, as far as possible, in the liquid and/or supercritical state

when selecting the pressure and temperature.



and propyl ene oxi de (nol ecul ar weight 58 g/nol), the factor 58

results fromthe nol ecul ar wei ght of 15propyl ene oxide and the factor
146 -r esuMG2(1z/04816he nol ecul ar wei ght of the optionally usedTaPa011067707
1, 8-octanediol . The proportion by weiglgt (in w.% of cyclic

carbonate (CC ) in the reaction m xture was cal cul ated according to
formula (XIl1), 20 F(4.5)* 102 *100% XI1) wherein the value for Nis

cal cul atggalﬂgﬁprdl ng to fornmula (XI). In order to calculate the

conposi t d on the polynmer proportion (consisting of polyether
25 polyol, which was made up of starter, and polyether car bonat e
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copolyner|sat|on val ues-o e conposl t re
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were elimnated from a at| pr oport y\/\/elg

car bonat eampdgsedkiqyg ll]@ipttl@r|“f¢lghh‘eelp(§$6§déol‘rvehbr@tmnﬂ@r¢at e pol yol was 30
converted to a proportion by weight of carbon dioxide by nmeans of the
factor F=44/(44+58). The statement of the CO2 content in the

pol yet helhe &tbanmber pot etern{ingdn oo ripo batizdf CON" $3248.e bitoidingvpyridine instead of

exanpl es){‘HF}%fcﬁIo?&gﬁi?aqE ﬁfgﬂm t(':l‘ﬂ?a dlglli %Péarn]le(arbup&ltﬁ ik rnpocf%]ye%ﬁﬁfc KOH (end point

car bonat e po ecu oes not consi st
21 - 1§ m@anntmﬂdly Reaas elepotentibmetaylceastor orbovlslneat dedifiep QI obmiRr wap hgpétahéw test

Usi g pr o PR APk R Do B kAol S} b
ng KOH g. 51, 8- Oct anediol, Aldrich. Exanples 1 to 3: A ground and

1 4 005 kgl f gl oL YRR GRS b AACHSST s e s o

pol yol Pprepylensaparbanate tryekin ¢8ahqn@h) tof polyeh@r Wb@@@@ob@h?vymdetenmpm meﬂhélMR
Pol Yp P 358k 8060 g, 5608 @ﬁa 55 Yya R Whe ! 16264 YhAG AULAhIE was

tests too_k P ‘ace on t e ayl
tank' t hdisglveé lweuwg%ﬂs?i@nsﬁom llccmb |0@¢B| Ty relevamo Fepatahess upﬁlleymNMRe(bated on
ground afighgdrd ﬁﬁln) are as follows:
cyclic carbonate (which was formed as a by-product) resonance at 4.5 ppm, carbonate, resulting from
carbon dioxide incorporated in the polyether carbonate polyol (resonances at 5.1 to 4.8 ppm),
20 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, [,8-octanediol optionally incorporated as a starter molecule with a

resonance at 1.6 to 1.52 ppm.

The molar proportion of the carbonate incorporated in the polymer in the reaction mixture is
25 calculated according to formula (IX) as follows, the following abbreviations being used:

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

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

cyclic carbonate

F(2.4) = area of the resonance at 2.4 ppm for free, unreacted PO
30 F(1.2-1.0) = area of the resonance at 1.2-1.0 ppm for polyether polyo!

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

Taking into account the relative intensities, conversion to mole % was performed according to the
following formula (IX) for the polymer bound carbonate ("linear carbonate" LC) in the reaction

35 mixture:



DMC catal yst was transported at 80 g/h by neans of a di aphragm punp

to a mxer 2 (Cascade Mxer 15 2 S, 0.6 nmas the smallest gap

wthin t O2H204d6 from Ehrfeld M krotechni k BTS GrbH). PPGEBEP2II&067707
oxide fromfeed tank 3 was transportedyhy nmeans of an HPLC punmp (97
g/h) to mxer 2. In mxer 2, mXing took pl ace at a tenperature of

20C, the resulting m xture not yet reacting. This m xed stream
together with carbon di oxi de (Ft( S fsf rom a gas cylinder with

dip tube 5 usdn@— P s —39- e eq o—thE0n xer 4 (IX)
(Cascade M xer 2 ' P ih 20°% he cascade,
fromEhrfeld M kr ot echm Kk BTS anH) where the conponents were m xed

at a tenperature of 20C. Here again, no reaction yet took place. The

r eact i on Thy RperEomAY Weighis@rwr. Y T Holymerdbonnrboarbanate 4EC dmtegeaction Mirgure was

tubul ar ¢8aghof achadingth f¥hG5p@l dianeter of 2.2 nmand was controlled
at the reaction tenperature gi'ven in Table 1 below. The volune of the

tubul@r reactor was 45 cnB. The average residence tine of the

conponents in the tubul g&sieag 95;4/\15*1% m nutes in each case. 25
The to maintain a céAst —Bt- 3 100ar in the tubul ar reactoX)
was adjusted by neans of the priessure retention valve 7. The
resul ting product (subst antially polyether carbonate pol yol) was
collected in the wa V0,2012/ 049 /| EP2011/ 7707 - 22 -
Tabl e 1 BRYRBIE 2 ufr}%r %@5&"["?"6‘}?“{" ﬁf)@l‘éfﬁ qi‘fﬁr%il@éo ulp&Bonver si on
[94 >99% > 99% >99%

10 N=[F(5.1-4.8)~F(4.5]%102+ F(4.5)<102+ F(2.4p 58+0.33+ F(1.2-1.0)%58+0.25% F(1.6~1.52)% 146

(XD

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

1,8-octanediol.

The proportion by weight (in wt.%) of cyclic carbonate (CC’) in the reaction mixture was calculated
according to formula (XII),
20

F(4.5)%102

cC'= *100% (XI)

wherein the value for N is calculated according to formula (XI).

In order to calculate the composition based on the polymer proportion (consisting of polyether
25  polyol, which was made up of starter, and polyether carbonate polyol, made up of starter, propylene
oxide and carbon dioxide during copolymerisation) from the values of the composition of the
reaction mixture, the non-polymer components of the reaction mixture (i.e. cyclic propylene
carbonate and any unreacted propylene oxide present) were eliminated from the calculation. The
proportion by weight of the carbonate repeating units in the polyether carbonate polyol was
30 converted to a proportion by weight of carbon dioxide by means of the factor F=44/(44+58). The
statement of the CO, content in the polyether carbonate polyol ("incorporated CO,"; see following
examples) is standardised to the proportion of the polyether carbonate polyol molecule which does

not consist of the starter.



Incorporated CO2 [wt.% 22.9 14.9 7.9 Cyclic / linear carbonate ratio
0.02 0.03 0.04 Weight average nol ecul ar weight [g/nmol] 2264 2245 2135
Nurmber aWé} Hd&04d¢Zecul ar weight [g/nol] 2785 2744 2620 Pol YETEBYHEP§7Rj07
1.23 1.22 1.23 _21-
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15

20

25

H-functional starter substances:

Polyether polyol P: polyether polyol P was produced starting from propylene glycol by alkoxylation
using propylene oxide. The polyether polyol P had an OH number of 143 mg KOH/g.
1,8-Octanediol, Aldrich.

Examples 1 to 3:
A ground and dried DMC catalyst (double metal cyanide catalyst), produced according to example 6
of WO-A 01/80994, was suspended in polyether polyol P so that a concentration of 0.26 wt.%

catalyst in polyether polyol P was achieved.

The schematic test setup for carrying out the tests took place on the basis of Figure 2: from the
agitated feed tank 1, the 0.26 wt.% suspension consisting of polyether polyo! P and ground and dried
DMC catalyst was transported at 80 g/h by means of a diaphragm pump to a mixer 2 (Cascade Mixer
2 8, 0.6 mm as the smallest gap within the cascade, from Ehrfeld Mikrotechnik BTS GmbH).
Propylene oxide from feed tank 3 was transported by means of an HPLC pump (97 g/h) to mixer 2.
In mixer 2, mixing took place at a temperature of 20°C, the resulting mixture not yet reacting. This
mixed stream together with carbon dioxide (transported from a gas cylinder with dip tube 5 using an
HPLC pump at 32 g/h) was fed into the mixer 4 (Cascade Mixer 2 S, 0.6 mm as smallest gap within
the cascade, from Ehrfeld Mikrotechnik BTS GmbH), where the components were mixed at a
temperature of 20°C. Here again, no reaction yet took place. The reaction mixture was passed from 4
into the tubular reactor 6. The tubular reactor had an external diameter of 2.2 mm and was controlled
at the reaction temperature given in Table 1 below. The volume of the tubular reactor was 45 cm’,
The average residence time of the components in the tubular reactor was 11 minutes in each case.
The to maintain a constant pressure of 110 bar in the tubular reactor was adjusted by means of the
pressure retention valve 7. The resulting product (substantially polyether carbonate polyol) was

collected in the tank 8.



Ceneral information relating to conparative exanples 4 and 5 in a
stirred reactor: 5It was tested whet her copol yneri sation of

propyl en&QIE4MpA h CO2 starts in a stirred reactor w th BEFEER011/067707
continuous netering of propylene oxidesand CO2 (i.e. w thout an
upstream step for activation of the DMC catalyst). In the case of
activation of the DMC catal yst, the copol ynerisation would start

i nst ant anggaisl y, which woul d become apparent through a slight
tenperature increase of the reaction m xture and/or by a consunption
of CO2 (nmeasured with a CORI-FLOANr) mass flow neter from
10Br onkh grst ) H gh- Tech, RulUrto, Netherijands). Cpnparative exanpie
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r epeat efl 3‘9 ?i}g%ﬁﬁ?%@?ﬁ% B9 h nitrogen to appro¥. 5 baJ'(d%JL I 0.04°
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activat rom of —the DMCTatal yst takes ptace 20and copot-ymerisation
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reactor WAg d ner.t
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times. The stirred reactor WO 2012/ 049162PCT/ EP2011/ 067707 -23 - was
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20  and copolymerisation starts. Over a period of two hours, no temperature increase of the reaction

mixture was observed and no CO, was consumed. No copolymerisation took place.

Comparative example 5: Test for the production of a polvether carbonate polvol in a stirred reactor

141 mg of dried and ground DMC catalyst (double metal cyanide catalyst), produced according to
25  example 6 of WO-A 01/80994, were initially charged in a 1-litre pressure reactor (stirred reactor)
with a gas metering device together with 274.38 g of polyether polyol P. The reactor was heated to
130°C and rendered inert by repeatedly pressurising with nitrogen to approx. 5 bar with subsequent

release of pressure to approx. 1 bar. This procedure was performed three times. The stirred reactor



place within a reasonable period of tinme (conparative exanples 4 and
5). WD 2012/ 049162PCT/ EP2011/ 067707 - 24 - Clains 1. A process for

t he pr od¥¥Q AN 6DHol yet her carbonate pol yol s by additi on SETERE2013H067707
nmore al kyl ene oxi des and carbon di oxidg_to one or nore H-functional
starter substances in the 5presence of at |east one DMC catal yst,
characterised in that the addition is carried out in a tubular

react or. wés théhgreRuRSRASHtEHUAF BONG 1t0@°(§ |Tﬂb Bntinudld %{e?é] g 6F probfléned¥de (PO) at
catal yst i s suspended in one or nore functional starter substances,
10(ii) thé Ludpardhepirrsdgrgctaryvas §heﬁrcewgmceﬂ 909 itoptiesiad wiether geneligrerisation
nore al kh’t'a@sﬂ@\lcp&rﬁﬁlﬁpt@dﬁdoi"‘()bp whd 1519&1%0%59@% CRLIEP ThdtlaR¥ 1 €inachiDY sfate! b9 the
the m xture resultln from( f) is reacted i'n a tubular reactor at a

t enper at GHEYSBIALD 2105 5‘6 eer 'Od of 33 mnuteptpad pmsteesd sTuantiso el hef approz| i sne CO»
wher e§ n béhsﬁﬁﬁtlfbn(ahd ho tehﬁ@rafu?@&&ﬂe&'@ oPthe Peattidn 1ﬁl§tugeQV§sQ)bge9Q:dbﬁ5 copbBmfkrisation
The process according to claim2 or 3, wherein (H 1) the suspension
from (i) EPREg sty brought into contact in a first mxer wth one or
nore al kyl ene oxides and is then brought into contact in a second

mxer with 10 to 200 bar carbon dioxide, or 20(ii-2) the suspension
from (i) Exampleslsio| 3 acserdingie tierinysntigprave thatrit is ppssitie loramie thewsg pf aprctiation
200 bar ggg RRmeIbO SRnang tlﬁescoﬁjbl?ﬁelk?{aﬁb’tgﬂtpellf&{r&d%QE@GEr tddetBr. SEERBL other

m xer with one or nore al kylene 0oxid
0  hand, the copolymerisation i$ performed in a stlrred reactor, no activation of the DMC catalyst takes

place within a reasonable period of time (comparative examples 4 and 5).



5. The process according to one of clains 2 to 4, wherein step (iii)

is carried out at a reaction 25pressure of 15 to 180 bar. 6. The
process EH&P4362 0 one of clains 2 to 4, wherein step (i PEY/EPZI11/067707
carried out at a tenperature of 90 ta435C and a reaction pressure of
20 to 180 bar. 307.The process according to one of clainms 1 to 6,
wherein the tubular reactor is constructed froma conti nuous pi ece of
tube. 8. §ngmpr ocess according to one of clains 1 to 7, wherein the
internal “dianeter of the tubular reactor is from1.1 nmto 500 nm

WO 2012/ 049162PCT/ EP2011/ 067707 -25 - 9. The process according to one

of clainmg, 1 KopBeesivitas @k rprédaexanu@pbﬁyetﬁeeeﬁxtbeﬁaté SolsORYy aatiRE Jrr AR Atmore
| east two tubes joined together, process according to one of

clains 1 to ®KYlGHerdiss %nﬁecafh?mﬂle?der @aeleocrr mere dGFHOCtQNat sartdr yhitapces in the
| easts two t up@senbObNRUedsPaR! DRIC AR, a&he&e.ssesl m that BRtadkifin tlsu&Hlle@rout ina
reactor over the first 20 to 60%of its |l ength has an internal

di aneter of MRt iar reactor of 1.1 nmto < 100 nm and over the
second 80 to 40% of its length has an internal dianeter of the

tubul ar reactor of 100 nmto 500 mm The process according to one of
clai ms | fo 160 RipEFeIcRordiRg 19 elpjm hvhegiict or is free from several

| ayers arrangggle DM@ @tadlsl i€busfRBeR ohOR nfre HIFEnBbALERR shifbehegach

Iayer has a plurality. of channels arranged parallel to one another

whi ¢k f or m aliig GKtspsReRsing o ip Bioneht inshsaatet Withgrae gf mepsalkylene exifles apghwith 10

opposite side t{enedhr hen BbPegasd according to one of claims 1 to 10,
wherein the tubular reactor is free from several ers arranged in

paral | el oneliigrhe Biytugs resulfing SopdH) is yastedhin g tubulgy '@?Cé%"ﬁ 3 fepnpgretare 9H3¢ taH0°C.
each layer has a plurality of channels arranged parallel to one

anot her which forma continuous flow path fromone side of the plate
to the opposliedrespyacoriiede flaimha Whesndsgen{dy diedrariipninsesieisdp tellies 1
to 1 wherein the Hfunctional starter substance is selected from at

| east one of _the group consisting of polyether polyol, polyester

pol yol , ol yEreREeCessACBRIARE & GRimeHr 3, ngtr@!‘ et hyl ene gl ycol,

di et hyl ene gliygaho suspeaivh 868 @ iv & | ,

1, 3-pr opanegdl o? 1, Lgls but anedl(g %l,ﬂy b%u?ﬁetﬂg%lcgﬁ%t% %qgﬁtmlﬁeerd\flgll one or more
neopent yl gl 3fdine oxidss #idris Hice broyeht into pentpr in 3 swonsemixaneith &0 to 200 bar carbon
1, 6- hexanedi @bsidel o8- OCct anedi ol , 1, 10- decanediol, 1,12- dodecanedlo

1, 4- bi s(hydr ox nethyl)cyclohexane triethyl ene egcoI tetra- ethylene
glycdl, di pr((b‘ﬁ% ItensSrRgnsi@npfrom (1) jisofrsiy bravaht Hta estact idiagfirstymiserevigh Jiisl 200 bar
trimethyl ol pcfa%ﬁ%m&'a}i@@g@nbn bltoﬁ%ﬁ Gy g&r@&&i/ﬁltzhyelcand' A m&@sﬁk?fene
oil, pentaerythritol, sorbitol exitol, sucrose, starch, starch
hydrolysate ’%Eﬁlulose, cel | ul ose hydrolysate

hydr oxyl - functional i sed fats and hydroxyl -functionalised oils is

used.

5. The process according to one of claims 2 to 4, wherein step (iii) is carried out at a reaction
25 pressure of 15 to 180 bar.
6. The process according to one of claims 2 to 4, wherein step (iii} is carried out at a temperature of

90 to 135°C and a reaction pressure of 20 to 130 bar.

30 7. The process according to one of claims 1 to 6, wherein the tubular reactor is constructed from a

continuous piece of tube.

8. The process according to one of claims | to 7, wherein the internal diameter of the tubular
reactor is from 1.1 mm to 500 mm.
35
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The process according to one of claims 1 to 6, wherein the tubular reactor is constructed from at

least two tubes joined together.

The process according to one of claims 1 to 6, wherein the tubular reactor is constructed from at
least two tubes joined together, characterised in that the tubular reactor over the first 20 to 60%
of its length has an internal diameter of the tubular reactor of 1.1 mm to < 100 mm, and over
the second 80 to 40% of its length has an internal diameter of the tubular reactor of 100 mm to

500 mm.

The process according to one of claims [ to 10, wherein the tubular reactor is free from several
layers arranged in parallel one on top of the other so that each layer has a plurality of channels
arranged parallel to one another which form a continuous flow path from one side of the plate

to the opposite side thereof.

The process according to one of claims 1 to 10, wherein the tubular reactor is free from several
layers arranged in parallel one on top of the other, which are microstructured so that each layer
has a plurality of channels arranged paraliel to one another which form a continuous flow path

from one side of the plate to the opposite side thereof.

The process according to one of claims 1 to 12, wherein the H-functional starter substance is
selected from at least one of the group consisting of polyether polyol, polyester polyol,
polyether carbonate polyol, water, ethylene glycol, diethylene glycol, propylene glycol,
dipropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,4-butenediol, 1,4-butynediol, neopentyl
glycol, 1,5-pentanediol, 3-methyl-1,5-pentanediol, 1,6-hexanediol; 1,8-octanediol, 1,10-
decanediol, 1,12-dodecanediol, 1,4-bis(hydroxymethyl)cyclohexane, triethylene glycol, tetra-
ethylene glycol, dipropylene glycol, tripropylene glycol, dibutylene glycol trimethylolpropane,
glycerol, tris(hydroxyethyl) isocyanurate, castor oil, pentaerythritol, sorbitol, hexitol, sucrose,
starch, starch hydrolysate, cellulose, cellulose hydrolysate, hydroxyl-functionalised fats and

hydroxyl-functionalised oils is used.

The process according to one of claims 1 to 13, wherein the tubular reactor has a ratio of tube

length L to tube diameter dp of L/ dg > 50.



