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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.
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35  catalyst, e.g. a DMC catalyst according to the process of the present invention, is used, problems may
be expected in relation to the deposition of catalyst in the microreactor and the parallel plates, which

would lead to blockages in a continuously operated process.
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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
30  according to the invention. The upstream step for the activation of the DMC catalyst can take place 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.

Activation of the DMC catalyst refers to a step in which a partial quantity of the alkylene oxide is
35  added to the DMC catalyst, optionally in the presence of CO», and then the addition of the alkylene
oxide compound is interrupted, a temperature peak ("hotspot") and/or pressure drop being observed

in the reactor owing to a subsequent exothermic chemical reaction. The activation process step is the
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25  (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 130 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

30  second mixer with one or more alkylene oxides.

Step (ii) can be carried out at a temperature of 5 to 50°C. The result of this is that, owing to the relatively

low temperature, no polymerisation occurs in the mixer.

35  The tubular reactor is e.g. a heated tube. One possible embodiment is shown diagrammatically in Figure
1. Here, the tubular reactor is provided with a cooling jacket, wherein a heat transfer fluid 1s fed via an

inlet (A1) or outlet (A2) for temperature control purposes. The feedstocks, i.e. the mixture of DMC
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30 viable.

It is advantageous to adjust the volume flow so that a turbulent flow profile is obtained

(dimensionless Reynolds number greater than 2300).

35  If the reactor consists of at least two tubes joined together, it is possible to set these to different

temperatures (e.g. by heating or cooling).



In the process, preferably dried and ground DMC catal yst (e.g. vacuum
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tubul ar reactor is brought to a tenperature of 80 to 150C, preferably

cont 1811 bk 56 Bt 1CanGRbEHERERTS s o o Reo figtion! s
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The alkylene oxide (e.g. propylene oxide) from feed tank 3 is transported by means of a pump (e.2.
35  an HPLC pump) to the mixer 2. In mixer 2, mixing takes place at a temperature of 5 to 50°C,
preferably 10 to 45°C, the resulting mixture not yet reacting. This mixed stream is fed into the mixer 4

(e.g. a cascade mixer), where it is mixed at a temperature of 5 to 50°C, preferably 10 to 45°C, with



hi gh rate of reaction and a high conversion rate are achi eved, which
contributes to reducing the residence 3i-nes in the reactor and
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functionality of at least 1, preferably of 2 to 8, particularly preferably of 2 to 6 and most particularly

35  preferably of 2 to 4. The molecular weight is preferably 400 to 10000 g/mol and particularly
preferably 500 to 6000 g/mol.
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35  commercial products such as Lupranol Balance®™ (BASF SE) Merginol® grades (Hobum

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



5copol yners of ethyl ene oxide and propyl ene oxide are e.g. the
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pr ef er abl yc@dlgulltemi%%&en% ﬁlag crgllcaﬁglced e.g. by reacting phosgene

di et hyl carbonate di ethyl carbonate or di phenyl carbonate 25 and

di functi O?ZIP/ 1c a?colqcﬁs at Qre %%?Dtl ﬁoém)(c? nal f%{artgrmt%etgﬂ:g{ m%%Fﬁ/%ﬂlydnc alcohols

Exanpl es vEarboirat 85 can

1359177. Eoch eaxaeng)l ahylexte lgs/cqﬂoslsat}b»ﬂ@etgiyam&eprbbﬁe@eglyncphdm(rwp)yleﬁ‘s @‘lﬁdlasl 3-
from Bayer i ence A S & )

Desnophenf rO%/gEgQEOB?%manedl ycc:ééj'r oerl%ea 18'1 ?utyn%gﬁrogeoﬁor{t e gly‘éokbgt% pentafl ediol,
of the i nmﬁnlylpemtanepmlsy(fshd’heais car bﬁﬁﬁl&bl ﬁ}@bzymie&ok),anﬁﬂlexans@d aS-octanediol, 1,10-
H fungtio rter,subs CEes. arti et carbonat

pol yO?é eca déoie g’b% % cli;eé:. 16910@ l{lﬁHycP JOx I eﬁlgf)c ({:ﬁé)(})l? Pél’%g suc}% 9 4-bis-
i nventi on(Idﬂmymbbﬁ)clyénl&xaree ml@rleﬁhgsfeoipabtyaeﬂiyme cayctmdm@bbetpﬁb@eol gdycols,
used as H-lf uncfene nla olstgqarot e §/ IX¢ Oﬂiﬁ% en fj 0 %g ilrI 1% lene
separate EREYICBRELEUNTPS ny“h py He’ SRAFOSPa PRI
subst anceglyg@sbeﬁﬁb/dlr;c dhca)hels asut:luaeottg (Ilmad:thylylp(opara g}m,etrislgﬁrobdy@h)@ ®cyanurate,

whi ch areatlv ol r tihon per nol e ) .
pref erabl y ch iﬁ ta’é} 9 élc ¥u¢1 i Briat PSTEFYS ltog Bay%{%oclzlglg (%1drC1é % eégdsorblt(ﬂ’

ei thelsi nﬂemﬂodualhdr(y;e,orstsatﬁl astaickt ﬂlychfolgiateal deﬂalsie, t gatdluldsd Lﬂm:ltdlﬁsﬂmé, hydroxyl-
starter s n Pr ef er H f unct ional ter anc
are al Cohgli %}1 Fste " fats eaHé I’Oé.lF in OFI)’am [ 1af (:?ﬁtcar,m%n(ldqgjn)?a{&é lprC)duc %t'(hese above-

mentmned alcohols with different quantitles of e-caprolactone.

The H-functional starter substances can also be selected from the class of substances of the polyether
30  polyols, in particular those with a molecular weight Mn in the range of 100 to 4000 g/mol. Preferred
are polyether polyols built up from repeating ethylene oxide and propylene oxide units, preferably
with a proportion of 35 to 100% propylene oxide units, particularly preferably with a proportion of
50 to 100% propylene oxide units. These can be random copolymers, gradient copolymers,
alternating or block copolymers of ethylene oxide and propylene oxide. Suitable polyeiher polyols
35  built up from repeating propylene oxide and/or ethylene oxide units are e.g. Desmophen”, Acclaim®,
Arcol®, Baycoll®, Bayfill®, Bayflex®, Baygal®, PET® and polyether polyols from Bayer
MaterialScience AG (such as e.g. Desmophf:n® 3600Z, Desmophen” 1900U, Acclaim® Polyol 2200,



5 wherein x is a nunber from1l to 20, preferably an even nunber from

2 to 20. Exanples of alcohols accordinglto fornula (H) are ethyl ene
glycol, 1,4-butanediol, 1,6-hexanediol, 1,8-octanediol, 1, 10-

decanedi ol and 1, 12-dodecanediol. If the alcohols are solid or highly

vi scous ateg@@ Polyol 490pld et aRpdol $00doAtveEtPotib1 18 pdirchl Relyol k936, Hecol® Polyol
tubul ar r t r f i er 1,0 a

are neopeﬁ?@f ﬂ%ﬁ?@)?,ﬁ itlf(?,%ﬁ ﬁ%ﬁfgrﬁp{?(gg%ﬁtga Q%Fd Igisf, gFIrar%(c)P]q’ P&H(Qﬁér SESH. Otter
pent aer yt tnifable| homopapdthydmeprratts cts cqf tltehEiuaib%dﬁdote&dacfmor BiARG $D and suitable

formul a (h+r)10 WL 91%&@&&%@&% A pllyiol*eP G0 REOMCESSOT g cuitable mixed
trimethylo prpo T - capr ol act one, reaction products of gﬁ%/cer ot
wi t h c5 caprolyastsoriethalvde pxdotnd pnopyleod adtisare £.gpiba Phemyd”| A ¢rdlluriel t RPE brands
E- caprol a . is also preferred for water, diethylene glycol,

prol agt QReH SfE . . )
di propyl ene glycol, castor oil, sorbitol and pol yether polyols built
up fromrepeating 15pol yallcylene oxide units to be used as
H-funct 1Ol 4 &E{n%’i StaH %%b%{lﬁgeé 'carF fﬁgot ﬂecsglleagcl Yo} '%heefc A gfl sébstf}n@es of the polyester
Hfunctional starter Substances are one OF nhore conpounds serected
fromthe gelpep icoagiceli tgseowitlet hydlentr glejghoMn jor bpyingaef GOY c0H00 g/mol. As
1, 3-propapedi ol , 1..3-butanediql -1 4- t anedi 1, 5- pent anedi ql .
2" et BT pPieaRs vt R B onet roep B SR et BTG sopoit o
oct anedi ohljergitieg hyiHemeé ajdoyiclolnits dApracidydoampenaylsy e@l sucginjccaid)lmaleic acid, maleic
trinmethyl ol,propane, .di -..angd t.rifunction ol yet her | yol.s, . th . .
pol yet her 9%&??/%!’ agié’iwnﬁmg’uip%%lalﬁzpa }ygrriﬁﬁea R #Qaﬁ%raxllt%r ils-opll-ltgealrﬁ:cf’ ?@nt@ffepgthahc acid,
starter stebsiyanpbthalrdadot, cmlgahgd]eg?lﬂ)aiidenlgrdriéc, (ﬂtiexahgdroghtﬁahbl-aﬁlmddﬂé onalixtures of
ol vol s prorsianrye BB e AR b bR ror e & SPEoB 1 83 el
4500 @# nol,3ancpasedidincltd-onaleiiy ofS-@ntoed®landopentypagtycatul lg6-hexanediol, 1,4-bis-
nol ecul ar i ght in.the range, of 62 tq. 300 [yol., 2band
Funct | onafP By e tiellol R, BEFIES ebse Spinnoabbe, RERbifammap eevecrol
pol yol s t ademrypliréicler byxtwas ef tit abevaddhiblsare wed. daditrdmt i kyvalentatyether polyols
al kyl ene i t f.u ional, starter. substances. .The t.enn
"H T uncti SeaPRRfe HeondnEbangl BB HaSRTLRNRE Rl il Gpaisg bgased o
t he lnurTbles‘EaKMT Shi;fetnmsfox/\khieqino@D@naﬁﬁoﬂgeﬁ/hmocar‘a:nkwmlyatsi Bnl'(efwy, polyether polyols
30no ul e, tr er._conpound. cat a ts ar own, i
o1 it e Ra T Fth 0GRy BEE fos g eI B 5o B SRR T
505, US-A 3 941 849 and US-AS 158 922). DMC catal ysts, which are

deccr et ek ST O M o R o SRR o LB
activity ihosd Wigh howtepdhryweglit &t inoke oigeadd %0 et 00 nthagkeembly HO& &I 250@ which
R N -
fini shed prdodiifotctiosal gaodwoll by mtyettengelyolhege psigetier Pbigolhi Fhinyplac télatimg to
DMC cat al iéc%éartﬁjo%%t%s,r iczla)ne%eifgund_ e.lg'.?’ in EP-A 1359177. For example, it is possible to use the

Desmophen® C grades from Bayer MaterialScience AG, such as e.g. Desmophen” C 1100 or

Desmophen® C 2200, as polycarbonate diols.

30  In another embodiment of the invention, polyether carbonate polyols can be used as H-functional
starter substances. In particular, polyether carbonate polyols which are obtainable by the process
according 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.

35  The H-functional starter substances generally have a functionality (i.e. number of H atoms which are
active for polymerisation per molecule) of 1 to 8, preferably of 2 or 3. The H-functional starter

substances are used cither individually or as a mixture of at least two H-functional starter substances.



EP- A 700 949 are a typical exanple which, in addition to a double

nmetal cyani de conpound (e.g. zinc hexat¢¥anocobaltate (I11)) and an
organic conplex ligand (e.g. tert.-butanol), also contain a polyether

wi th a nunber average nol ecul ar wei ght greater than 500 g/nol. 5It is
al so possible to use the alkaline DMC catal ysts disclosed in EP
applicati I itable for

t he pr odug feg%mﬁilﬁgﬁag%&%% S%Stat%%%eda?m% gggtgg e%ﬁlﬁgl%ﬂ&ﬁa ?QI ably have
the general formula (111), 10m X)n(l I I) wherein Mis sel ected from

the metal cations Zn2+, Fe2+, m2 O HrSr+ Sn2T, Pb2+ and Cu2 0
with M Zn2+, Fe2+, Co2+ or Ni 2+ bei'ng’preferred, 15X is one or re
(i.e. Hifferent) anions, preferably an anl on sel ected fromthe group
ng ]Eg'?ehal;g%e% P al a numﬂerl%ron ijo %]OC re?e:rab(lj 4n eve% 161(1:111 aeIi;] g f)mdj tloéét %xaé'lg &2 ﬁ)gglgdhols
car boxyl ateprdongatb afolmuam(dl) raret cthylere giyqos 1;Ist-!mftanXdu;1 316I1feamnedlok;ar8bmmaecholot 10-
oxal ate a 2.0 f e, dr.o C t hi_ocyan o

| socyanat geca?eéib? an%clyél%(% ecag?c{lcq tI : I{I%é aicé’ﬁg ares%’lﬁ{l] lghé é’rlls'lcé" ??tr dec it is
met al sal tdvahtageeud ttehgaemlmar gded flmeamtd ﬁle(mbularl\(ea(:)&( m}heﬂwmedl - ﬁMCthllaI starter

or o {1 o PEpis BT €S hRaRabifigndSErlie Ry Boloh B rocues
group of bphehdaldotlds :(clcorémgftouciomni&, (H]’]l\ﬂth de;apﬂoraomndjeegl ochicd@) ,products of

Ihgg{ (I‘)li(logia ﬁlla.etlﬁlé/floq%rg‘?%lg alap caprglact IZC? 3&5%%81 Arqdp o?t %%S:FI'O- OC ae ]%ap?‘(blactone and
sul fate, cattonadducn rofq»eahea;rtmmhduth El-cfaprl)labtbn@.( I’Flshfféslol }d&,errdflyﬁhr axiladediethylene

ﬁlytapgt g’ tglf)}!:cﬁ,c Xza}ipo%%fﬁehe g?ycgly cas or bll o%i& %% %%g[eglér %glryctﬂg)%lhta tup fom repeating

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

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-
20 octanediol, diethylene glycol, dipropylene glycol, glycerol, trimethylolpropane, di- and trifunctional
polyether polyols, the polyether polyol being built up from a di- or tri-H-functional starter substance
and propylene oxide or a di- or tri-H-functional starter substance, propylene oxide and ethylene
oxide. The polyether polyols preferably have a molecular weight Mn in the range of 62 to 4500 g/mol
and a functionality of 2 to 3 and in particular a molecular weight Mn in the range of 62 to 3000 g/mol

25  and a functionality of 2 to 3.

The production of the polyether carbonate polyols takes place by catalytic addition of carbon dioxide
and alkylene oxides to H-functional starter substances. The term "H-functional” within the meaning
of the invention is understood as the number of H atoms which are active for alkoxylation per

30  molecule of the starter compound.

DMC catalysts are known in principle 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 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
35  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



or suitable cyanide-free netal salts have the general formula (V), 35

MX),(V) - 14 - wherein Mis selectedl3fromthe netal cations M4+,

V4+ and WA+ Xis one or nore (i.e. different) anions, preferably an

ani on selected fromthe group of the halides (i.e. fluoride,

chl ori de, EBrrofild®l9 drodingéedn] elaygleoxhide in sdditfoatte 2 doablb orel eyani:iy&map@md (e.g.

$Hh![ ?g}lg‘nagﬁé h?}ﬁi%fa?}X%%gl a?e’ Fg nlalagl;c%/r %nﬁ% empge?i-:r Poanﬁ (a rgﬁg%(u%l a eﬁlscf ,FO}B"(EUI’I a
hal i de, pﬁy@lnemmntlepumyaraaeﬁ@e mdi¢coty anighteyreaies draya&rmg/mpl.

isothiocyanate, carboxylate or nitrate, 10or suitable cyanide-free

metal salts have the general formula (M), MX) t(VI) wherein 15Mis

sel ect®d Htiahdpossitietoalse hatikalis INGO tatainds WbctosXd insEPospelicatiommithef 10163170.3.

different) anions, preferably an anion selected fromthe group of the

halides (i.e. fluoride, chloride, brom de, iodide), hydroxide,

sul fate, Caa’nlﬁiRFfaieEmetﬁblazﬂﬁtsﬁjta‘tﬂé‘lifmyhan;ﬁb@,ctid)rsOﬁy]aﬂdbl&)le 0l Riyatdeabah@unds

car boxyl at efe%?yalavegl i%gn%?? g]ﬁ%%% is 3i1f X = sulfate, carbonate or

oxal ate ahd hydr oxi de, cyanate, thiocyanate,
i socyanate, isothiocyanate, carboxylate or nitrate.

10 MX), (11D

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,

15 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;
nis 1 if X = sulfate, carbonate or oxalate and
nis 2 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate or nitrate,

20

or suitable cyanide-free metal salts have the general formula (IV),
Mr(X)3 (IV)

25  wherein
M selected is from the metal cations Fe™, AI** and Cr**,
X is one or more (1.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;

30 ris 2 if X = sulfate, carbonate or oxalate and
ris 1 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate or

nitrate,

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

M(X)s V)



Exanpl es of suitable cyanide-free netal salts are zinc chloride, zinc
brom de, zinc iodide, zinc acetate, zihé-acetyl acetonate, zinc
benzoate, zinc nitrate, iron(H) sulfate, iron(H bromde, iron(H)
25chl oride, cobalt(H) chloride, cobalt(ll) thiocyanate, nickel (H)

chl ori de aheremi ckel (H) nitrate. It is also possible to use m xtures

of different l. salts. it abl.ewnet al . .cyani de salts for the

product i oﬁ/ﬂgfsa%t%% ft ?)Thénhfggetr%e?agﬁnscl}g%n’irﬁea%doﬁpounds preferably have the
gener al f &riswhaoy( Mbde)(i. S@iffevdnt) dkchENrdeifly ,af Whib) selbresdeliram Me dr@mp of the halides
sel ected f.rom ane oy, re. netal .cations.fraomthe gro onsi sting. of
Fe(I1), FL‘(el A fl‘%@?hllﬂn“;a?’ E%‘)“k‘f‘??( |‘Pﬁ?151‘?)’ &P"EIPT@?’ 8“?‘131 |°5“fé8'i\9ﬁec |‘1'y)“}""tte’ HioCyanate,
Mh( 1115, Isbélahdty, isolllidcldnate, Edtfoxilade, oxafeland pitvie] V) and V(V), and M is
preferably. or re netal catjions,fromthe group consisting of
Co(11), cétsﬁlnlfii Sﬁe@?’l“ffbo g“(?‘l()f‘i‘l?‘eé?‘il 1), Ir(l11) and Ni(I1), - 15

- Y i s sekactall X =amidyerydioxider &aned, ahiogahat@nsock#mare tdothigyate, carboxylate or
consi st ng.tr(a)f al kali nmetal (i.e. Li+, Nat +, I1C, Rh+, Csca2 +, ng2+

) and al k "o earth netal (i.e. Bel*, Sr, Ba2+), Ais selected
fromone or nore anions fromthe group consisting of halides (i.e.

fluoride, chlaoride,. bromde, jodide), h a(dBroxi sul fate, carbonate,
c analtl  PhBRaRANES g e ]asﬁg{iéa,ve ﬁ%gfrf% & H%?‘é{), 5car boxyl at e,
y . ;
oxalate or nitrate and a, b and ¢ are integers, the values for a, b
and c being selected so that ther@&s el ectroneutrality of the I
cyanide salt; ais preferably 1, Z; )3 or 4, b is preferably 4, 5
6; c preferably has the value 0. Exanples of suitable netal cyanide
salts arewﬁ)ot assi um hexacyanocobal tate(l11), potassium
1ETEIN
15  Mis 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
20 tis 6 if X = halide, hydroxide, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate or

nitrate.

Examples of suitable cyanide-free metal salts are zinc chloride, zinc bromide, zinc iodide, zinc
acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate, iron(Il) sulfate, iron(I) bromide, iron(II)
25  chloride, cobalt(I} chloride, cobalt(Il) thiccyanate, nickel(II} chloride and nickel(II) nitrate. It is also

possible to use mixtures of different metal salts.

Suitable metal cyanide salts for the production of the double metal cyanide compounds preferably
have the general formula (VII)
30
(Y)s M'(CN), (A). (VI

wherein

M' is selected from one or more metal cations from the group consisting of Fe(II), Fe(IIT), Co(Il),
35 Co(ll), Cr(ll), Cr(IiI), Mn(1l), Mn(III), Ir(III), Ni(I), Rh(IIT}, Ru(Il), V(IV) and V(V), and M' is

preferably one or more metal cations from the group consisting of Co(Il), Co(lII), Fe(II), Fe(III),

Cr(1IT), Ir(1I1) and Ni(II},



10hexacyanoferrate(ll), potassium hexacyanoferrate(lll), calcium
hexacyanocobal tate(l11) and |ithium hekgcyanocobal tate (111).

Preferred doubl e netal cyani de conpounds that are contained in the

DMC catal ysts according to the invention are conpounds of the general
fornul a (%m pefected FgRT wexer (MO gtal(cptians romihregreumpdngistégraf alkali mstal @e. Li', Na',
fonnul ae f(l* Iﬂb} és% a(lygﬁ(alﬁ{%%atl}ﬂ m@t§1( LD Jeor a @vlg(OMSP) 1Ba35'd 20x, x', y and

z are inteders and are selected so that there’is ‘el eCtron neutrallty _
of the dodbik ecl¢ntadaliong pamirdaore epipeuiien tRhaodpotongsiingpl dpledep fief Bvarislg. cljoride,

%330 hide 1&110%5‘%3@1(3}(1@ \%é}\é‘r cai%&(ael %CV?HE%’( Itﬂé(%(cga 15)00 at'é" {s!)tL%ogyanate,

andM [1T), F8(Iml és of suita
doubl €5 rretﬁiabométq delaompdutronda) are zi nc hexacyanocobal tate(ll1),

zi nc hex ag 9' rak’e(eji?{egf% tllle) vahué% ﬁ)g 6 k\%ﬁ%ﬁﬁ%ﬂl@f étéf s%(ttl)z{t ltl ea?]gg e&%@d&af ! lc)f the

hexacyanoco al t'at exanpl es o sul t

cyani de cunpbundde gdina serdakdnl 2 dor 4.bgs prefrablyrs 8 0992 preforkiblrhasghe value 0.
lines 29 - 66). Zi nc hexacyanocobaltate(lll) is particularly

preferably used. The organi c conplex |igands added during the

pr oduct i obxasfipl¢shef DMBbdeatragta) s txsinide esalts st auirdsiem ghexpgyatyBobalaB gl 2potassium

(see Ejg gﬂ%ﬁ%ﬁgé{gﬁat&ﬁh%ssqmm lh%@a%?an%fehgteﬁﬁ?, ’cal@;n%e%gcﬁaﬂnggbaltyg(lﬁ) %glithium

505,

hexacyanocobaltate (111).

Preferred double metal cyanide compounds that are contained in the DMC catalysts according to the
invention are compounds of the general formula (VIII)

15
My [M’x.(CN)ylz (VIID),

where M is defined as in formulae (IIT) to (VI) and
M? as in formula (VII}, and
20 x, x%, y and z are integers and are selected so that there is electron neutrality of the double metal

cyanide compound.

The following are preferred;
x=3,x'=1],y=6andz=2,
25 M =Zn(il}, Fe(I1}, Co(II) or Ni(Il) and
= Co(IlI}, Fe(IIl), Cr(III) or Ir{1IL).

Examples of suitable double metal halide compounds a) are zinc hexacyanocobaltate(IIl), zinc
hexacyanoiridate(lIl), zinc hexacyanoferrate(Ill} and cobalt(ll) hexacyanocobaltate(Ill). Other
30 examples of suitable double metal cyanide compounds can be taken from e.g. US 5 158 922 (column

8, lines 29 - 66). Zinc hexacyanocobaltate(Ill} is particularly preferably used.

The organic complex ligands added during the production of the DMC catalysts are disclosed e.g. in
US 5 158 922 (see in particular column 6, lines 9 to 65), US 3 404 109, US 3 829 505, US 3 941 849,
35  EP-A 700949, EP-A 761 708, JP 4 145123, US 5 470 813, EP-A 743 093 and WO-A 97/40086).
For example, water-soluble, organic compounds with heteroatoms, such as oxygen, nitrogen,

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



35 EP-A 700 949, EP-A 761 708, JP 4 145 123, US 5 470 813, EP-A 743
093 and WO- A 97/40086). For exanple, whfer-soluble, organic conpounds
w th heteroatons, such as oxygen, nitrogen, phosphorus or sulfur,

whi ch can form conpl exes with the double nmetal cyani de conpound, are
used - 16 orggyc oenelen deadapirelkrd ongards coplef deandel awr gentipls, ddehptlasx ketones,
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nono-t ert glybtnlt yhonettéresbutydli ethiny | eemwolgﬂqncolglymhombmmeihybuteghbr eathler 3-methyl-3-
ey SRty TR Ui e N e g i
from one ocompvonds Tcompleugrdg fmeistirighd cgmcthqmyeﬂlma, mhm@noif 2-methyl-3-buten-2-o0l, 2-
gbgt :1:(9 Xy t@gp? but%r?&tol QH}& QE[O %Xco%mlong e?[t -bu }(11 eHlte ]'id%-l {1)912.’; Oxteﬁlé?’meé}h (rjxoi

3- et hyI 3- oxet anenet hanol . Opti onal |y, one or nore conpl ex-formng
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35 is then optlonally 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



In the second step, the isolation of the solid (i.e. the precursor of
the catal yst according to the 5inventi&h) fromthe suspension takes

pl ace by known tecl m ques, such as centrifugation or filtration. In a
preferred version for the production of the catalyst, the isolated
solid is plEredvamhesd frreagyingiopdthp fiot step (5¢ e nwdu@t@m%@}aéwsnsmb trkesopiace
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preferably in the range of 15between 0.5 and 5 wt.% based on the
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at tenper 0 ral 100C and at pressures of in general
0.1 nbar ?&HgﬁiﬁgﬁM&ggggufggi&ﬁgg nbar) 25A preferred process for

i solating the DMC catalysts accordlng to the invention fromthe

Shber! SOplbl ot PR ek, WAk EIRa A%, TS, PARORRLL AR o
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pol yet her carbonate polyol is used since, because of the | ow

reactivity of carbon 30 di oxide, an excess of carbon dioxide is

advant agebuslditibhet igadnhtagepuoto veek the motiied xoldienara thab engethibyanrpe acigeved e.g. by
t he reactj S [ ti.on

ange of - 5o R FEGHEE Rl oty HReherPlc PRSP TLLERFIGHE Sollf ce
parti cul amixuippéberEb Icgm}ﬂ@( tigyend 261 Mﬁlohasompbvédmarg\mmpaqamﬁ@ fﬁrdrer tvaghing
copol?@erbﬁgé gn for the production of the polyether carbonate

pol yoI's T he process according to the invention it has further

been shown that the copolynerisation for the 35 productlon of the

pol yet her s
DLt e PERLBRIRLE B Rty AL OSUEI SR e Y ol o
establis hengentihﬁe’.Or 6 8¢C apA acmessess of At ginenmp@it atbarte somtabmressis Q)13 mkber).
quantity of undesirable by-products increases markedly. It is also -
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25 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.

Preferably, an excess of carbon dioxide based on the calculated guantity of incorporated carbon
dioxide in the polyether carbonate polyol is used since, because of the low reactivity of carbon
30  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
advantageous for the copolymerisation for the production of the polyether carbonate polyols. For the
process according fo the invention it has further been shown that the copolymerisation for the
35  production of the polyether carbonate polyols is advantageously carried out at 80 to 150°C, preferably
90 to 135°C. I 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



advant ageous for the CO to be present, as far as possible, in the

| iquid and/ or supercritical state mhenl%electlng the pressure and
tenperature. - 19 - Exanples The wei ght average and nunber average
of the nol ecul ar weight of the resulting polynmers was determ ned
means of @gbpntpgeepeBr itinCehtookrarrewhtaph{ar @EPEsibleT e th st dduder ﬁlmemwéadi state
was t hat ggwggkgnéﬁﬁgﬁeéum g?kmﬁg&ggatlon chromat ogr aphy, Part 1 -
Tet rahydrof uran as El'uent”. Polystyrene sanples of known nol ecul ar

wei ght were used for calibration here. The OH nunber was det erni ned
on the basis of DIN 53240, but using pyridine instead of

THF/ di chl or onet hane as solvent. Titration was carried out wwth 0.5
nol ar ethanolic KOH (end point 10recognition by neans of
potentionmetry). Castor oil with a certified OH nunber was used as the
test substance. The specification of the unit in "ng/g" refers to

ng[ KOHVg[ pol yet her carbonate pol yol]. The proportion of incorporated
CO in the resulting polyether carbonate polyol and the ratio of
propyl ene carbonate (cyclic carbonate) to pol yet her carbonate pol yol
were determ ned by H NVR 15 (Bruker, DPX 400, 400 MHz; pul se program
zg30, waiting tinme dl : 10s, 64 scans). The sanple was dissolved in
deuterated chloroformin each case. The rel evant resonances in the

H NVR (based on TM5 = 0 ppn) are as follows: cyclic carbonate (which
was formed as a by-product) resonance at 4.5 ppm carbonate,
resulting from carbon di oxide incorporated in the polyether carbonate
pol yol (resonances at 5.1 to 4.8 ppm, 20 unreacted PO w th resonance
at 2.4 ppm polyether polyol (i.e. wthout incorporated carbon

di oxide) with resonances at 1.2 to 1.0 ppm 1, 8-octanediol optionally
incorporated as a starter nolecule with a resonance at 1.6 to 1.52
ppm The nol ar proportion of the carbonate incorporated in the
polymer in the reaction mxture is 25cal cul ated according to fonnul a
(I'X) as follows, the foll ow ng abbreviations being used: F(4.5) =
area of the resonance at 4.5 ppmfor 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 ppmfor free, urn-eacted PO 30F(1.2-1.0) = area

of the resonance at 1.2-1.0 ppmfor polyether polyol F(1.6-1.52) =
area of tEmamplepnance at 1.6 to 1.52 ppmfor 1,8-octanediol (starter)
Taking into account the relative intensities, conversion to nole %

was performed according to the followng formula (1 X) for the polyner
bound car bonatight( dveiapeand oantronatrede ¢fChe mpldachler weight ofothe 3Sniting prlgmers was

-20 - . oelE . 4 - ; -t E(5.
(2. a) + Fggret By ol v yalofina il b Theghledid it By o
by weight DOV 356#2-194"Gelf pepotayine chiomatedraplar, Barm dt -€1€tHallydrofuran tak @lueeiacf’oimrene
m xture B LC - [F(5.1- 4.8)-
F(4.5)] *\A%%]pie%ﬁ%%%\%ﬂ%ﬁfeépﬁgf gwetré)ﬁlseé)ﬁ]?y Al%i‘\?%xager%om nator" N) is
cal cul ated according to fornula (XI): 10N= [F(5 1-
| * * *
g 3?3; EE? gf}ei%g‘filgrgé%S%%ﬁig%{rﬁé_%f4@)ﬁ§I aéis (% ?IN 53240, but using pyridine instead of
THF/dichloromethane as solvent. Titration was carried out with 0.5 molar ethanolic KOH (end point
10 recognition by means of potentiometry). Castor oil with a certified OH number was used as the test

substance. The specification of the unit in "mg/g" refers to mg[KOH]/g[polyether carbonate polyol].

The proportion of incorporated CO, in the resulting polyether carbonate polyol and the ratio of
propylene carbonate (cyclic carbonate) to polyether carbonate polyol were determined by 'H-NMR
15  (Bruker, DPX 400, 400 MHz; pulse program zg30, waiting time d1: 10s, 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) 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, 1,8-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 palyol

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:



The factor 102 results fromthe sum of the nol ecul ar weights of CO
(nol ecul ar wei ght 44 g/nol) and propytéhe oxide (nol ecul ar wei ght 58
g/nmol), the factor 58 results fromthe nol ecul ar wei ght of

15propyl ene oxide and the factor 146 results fromthe nol ecul ar

wei ght of the %PéLonal |y used start48)-15@-50ct anedi ol . The,proportion
by wei ght (in Wt~ %r(f- 4y ¢lrxs)carberat £ 1(0§Coks k p(tdre sppact i on m xt ur
was cal cul ated according to formula (XII), 20 F(4.5)*102 *100% Xl 1)
wherein the value for Nis calculated according to formula (Xl). In

order to : . i o { i

(consi sti (ri;gé gébggﬁnggﬁg@%ﬂp@ %o@ﬁ?gﬁﬁ%@%ﬁ%é{%fn&ﬁ ¢ getggioﬁlen?l ?ture was
and pol yetdievaigkachotiag ® fpoiwolX), made up of starter, propyl ene oxide

and cagbon di oxi de during copol ynerisation) fromthe val ues of the
conposition of the reaction m xture, the non-polynmer conponents of

the reaction m xture éj_.[é“{S.tyé:Bj@F@rS()byOLEn]]% carbonate and any %
unr eact ed propyl ene fxide preseny) were el i’fnat ed from t he )
cal cul ation. The proportion by weight of the carbonate repeating

units in the polyether carbonate polyol was 30 converted to a

propor t i ogL&¥in\WRl @ht 4N CadBRhattiroxX) id Sala¥atPRRS RS 1 B fiACtPr

F=44/ (44+58). The statenent of the CO2 content in the polyether
carbonat e pol yol ("incorporated CO "; see follow ng exanples) is

st andag di sec _tihe_ bl r ben _ "
gt il S R R A e N U R S R
starter substances: Pol yet her pol yol P: polyether polyol P was XD
produced starting from propyl ene glycol by al koxyl ati on 5usi ng

propyl ene oxi de. The pol yether polyol P had an OH nunber of 143 ny

KOH g. 1, 8htkmnetd @bults Alodr the bum BR thiephdsulbr tveigBts of COA(goletutd vaipht 44 g/mol)

accor di ng i BRiBe BB UG s O G005 e S kR e e per e of
pol yoli5 P s@pylhat oxédecnd dlentetat i46remits GoRGhavnoedatvadighs bf tha opdrgBy hetl starter

pol yol P was achieved. The schematic test setup for carrying out the
tests tooigchggedmg'n the basis of Figure 2: fromthe

&

The propartion 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% (XID)

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.



agitated feed tank' the 0.26 wt.% suspensi on consisting of polyether
pol yol P and ground and dried 15 DMC calal yst was transported at 80
g/ h by nmeans of a diaphragmpunp to a m xer 2 (Cascade Mxer 2 S, 0.6
nun as the smallest gap within the cascade, from Ehrfeld M krotechnik
BTS GnbH). Propyl ene oxide fromfeed tank 3 was transported by neans
of an HPLC punp (97 g/h) to mxer 2. In mxer 2, mxing took place at
a tenperature of 20C, the resulting m xture not yet reacting. This

m xed st r Hafimationa staer sphstancasar bon di oxi de (transported froma gas
cylinder i i | i )
o the htar PR EadetRyg D &) el silRe Bopilig B g5 b Bikgnation
t he cakcade, fyiegnrevidne briddvitke pelratian pily@Thatabh BF nuwiber o 1¢hmg KOH/g.

conponent iSma%e{l;[bﬁ(ﬁ%ri@ﬁ- a tenperature of 20C. Here again, no _
reaction yet took place. The reaction m xture was passed from4 into

the tubul ar reactor 6. The tubul ar reactor had an external dianeter

of 2 2 @}a ontrolled at the reaction tenperature given in

Tabl e Imbng 0 .lé@'?lﬁg%'vol ume of the tubul ar reactor was 45 cnB8. 25 The
aver age r ésjrdledeed tiigdeDME cefalystd dembtaresitisyimde damlsOinubduced asaartiog tayremple 6

11 i put es, | T, i Nt ai _of \
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react or t he
r et ent i oncaraysi en polyeltlaepalyd Uiwak adpiqyedduct (substantially pol yet her
carbonate polyol) was collected in the tank 8. - 22 - Table 1

Exanple 1 2 3 Reaction tenperature 110 120 130 PO conversion [%4 >99%
> 0905 > 9UBg 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 polyol P and ground and dried
15  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 vet reacting. This
mixed stream together with carbon dioxide (transported from a gas cylinder with dip tube 5 using an
20 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’,
25  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.



| ncorporated CO2 [w.% 22.9 14.9 7.9 Cyclic / linear carbonate ratio
0.02 0.03 0.04 Weight average nol ecul af2wei ght [g/nol] 2264 2245 2135

Nunmber average nol ecul ar weight [g/nol] 2785 2744 2620 Pol ydi spersity
1.23 1.22
Table 1
Example 1 2 3
Reaction temperature 110 120 130
PO conversion [%] >99% > 99% > 99%
Incorporated CO, [wi.%] 229 14.9 7.9
Cyclic / linear carbonate ratio 0.02 0.03 0.04
Weight average molecular weight [g/mol] 2264 2245 2135
Number average molecular weight [g/mol] 2785 2744 2620
Polydispersity 1.23 1.22 1.23
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25

General information relating to comparative examples 4 and 5 in a stirred reactor:

It was tested whether copolymerisation of propylene oxide with CO, starts in a stirred reactor with
direct continuous metering of propylene oxide and CO, (i.e. without an upstream step for activation
of the DMC catalyst). In the case of activation of the DMC catalyst, the copolymerisation would start
instantaneously, which would become apparent through a slight temperature increase of the reaction
mixture and/or by a consumption of CO, (measured with a CORI-FLOW® mass flow meter from
Bronkhorst” High-Tech, Ruurlo, Netherlands).

Comparative example 4; Test for the production of a polyether carbonate polyol in a stirred reactor

141 mg of dried and ground DMC catalyst (double metal cyanide catalyst), produced according to
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 51 g of dried 1,8-octanediol. The reactor was heated fo
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
was then pressurised with 50 bar CO, at 130°C. A quantity of 25 g of propylene oxide (PO) was then
metered into the stirred reactor, and it was tested whether activation of the DMC catalyst takes place
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 polyether carbonate polyol in a stirred reactor

141 mg of dried and ground DMC catalyst (double metal cyanide catalyst), produced according to
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

was then pressurised with 50 bar CO, at 105°C. The continuous metering of propylene oxide (PO) at



1.23 General information relating to conparative exanples 4 and 5 in

a stirred reactor: 51t was tested whether copol ynerisation of

propyl ene oxide with CO2 starts in a stirred reactor with direct
continuous netering of propylene oxide and CO, (i.e. w thout an
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char ged i Axanples| i br@cmréigs b e ieauticopr@sithat itge peseidistto it wietdfi amagivation

nmet eri ng t t

r eact or W%gﬁ/ FI g—fee Q%&aﬁé{‘f Eal% Ci:%efolﬂg%rsgt 1. 1§ger?tm§§;9 frfqeagtg ér&FaCtOIhﬁ on the other
pressuri shag, thi:t:tbpommerlsﬂglen istperiamprox a stirddaeacirtio asums@qu%ht DM extedyst takes
of pressu t r rmed three

11 mos. D Thetees THRER e By of B OB cCrlB3 PR S T Gt
130C. A gquantity of 25 g of propylene oxi de (PO was then netered
into the stirred reactor, and it was tested whether activation of the
DMC cat al yst takes place 20and copol yneri sation starts. Over a period
of two hours, no tenperature increase of the reaction m xture was
observed and no CO, was consuned. No copol ynerisation took place.
Conparative exanple 5: Test for the production of a polyether
carbonate polyol in a stirred reactor 141 ng of dried and ground DMC
catal yst (double netal cyanide catalyst), produced according to 25
exanple 6 of WO-A 01/80994, were initially charged in a 1-litre
pressure reactor (stirred reactor) with a gas netering device
together with 274.38 g of pol yether polyol P. The reactor was heated
to 130C and rendered inert by repeatedly pressurising with nitrogen
to approx. 5 bar with subsequent release of pressure to approx. 1
bar. This procedure was perforned three tines. The stirred reactor
was then pressurised with 50 bar CO at 105C. The continuous netering
of propylene oxide (PO at -23- 1.8 g/mninto the stirred reactor
was then comrenced and it was tested whether copol ynerisation starts.
No consunption of CO was initially observed, which indicates an

i nactive state of the catalyst. After a netering period of 53 mnutes
and a metered quantity of PO of approx. 96 g, no CO consunption and
no tenperature increase of the reaction m xture was observed. No
copol ynmeri sation 5took place. Exanples 1 to 3 according to the
invention prove that it is possible to omt the use of an activation
step for the DMC catalyst if the copolynerisation is perforned in a
tubul ar reactor. If, on the other hand, the copolynerisation is
perfonned in a stirred reactor, no activation of the DMC cat al yst

t akes



10pl ace within a reasonable period of tine (conparative exanples 4

and 5). - 24 - dains 1. A process fo#4the production of polyether
carbonate polyols by addition of one or nore allcyl ene oxi des and
carbon di oxide to one or nore Hfunctional starter substances in the
5presencelidimat | east one DMC catal yst, characterised in that the
addition is carried out in a tubular reactor. 2. The process

according to claiml1, wherein (i) the DMC catalyst is suspended in

one or nole HAfwpmesss dnahe proadnttion of utsbetine egbom@o®ltotreby addidns ploane promore

(i) is broughtyinto tact. wth: r L It
10 to 200 bar&§%§%6%8 |5§? g%%%ﬁg&@?ﬁ?fn?%é%ﬁ?i?ﬁ%@ﬂ%g@ﬁ%?@iaﬁ$§%%$HPﬂw
(ii) i% react pusenee of atuénal ene PMEcEtiysachaadaispengdharthe odditB it gartiBOG in a
3. The proces {hg to claim2, wherein in step (iii) the

reaction presgﬁ?%ﬁ?%g%b to 200 bar. 15 4. The process according to
claim2 or 3, wherein (ii-1) the suspension from (i) is firstly

brought igto | LISk M M th one or nore al kyl ene

oxi des ang'is%@ﬂ%%%s¥%ﬁgﬁﬁgkﬁ%%mg%ﬁ act in a second mixer with 10 to
200 bar car bofi) tié BkiCdetalysris @ehded) ortetpe notesihémsiionl ftarensubbtindes

first br oug | to [ r.st. m 1. W 0 :
car bolrll(ydi oxi dglt) éﬂr? g {lslggl%?] Héﬁ%&bl 5%%@@11} %foocog?gﬁ%%%lé ﬁr %QRSJ’ té@%%% On)%? d)%%a?nd with 10
wi th one or nor etod0D byrlcermen dixxideesnd 5. The process according to one of

claims 2 to 4(1&)}2@{%&%%%%@@; Glodlh) ik Raf @ b RHIAYEcRE 2B (LSRG 30 10 150°C,

25pressure of

3. The process according to claim 2, wherein in step (i) the reaction pressure is 10 to 200 bar.
15
4, The process according to claim 2 or 3, wherein
(ii-1) the suspension from (i} is firstly brought into contact in a first mixer with one or more
alkylene oxides and is then brought into contact in a second mixer with 10 to 200 bar carbon
dioxide, or
20 (ii-2) the suspension from (1) is firstly brought into contact in a first mixer with 10 to 200 bar
carbon dioxide and is then brought into contact in a second mixer with one or more alkylene

oxides.

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 af a temperature of

90 to 135°C and a reaction pressure of 20 to 180 bar,

0 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 1 to 7, wherein the internal diameter of the tubular
reactor is from 1.1 mm to 500 mm.
35
9. The process according to one of claims 1 to 6, wherein the tubular reactor is constructed from at

least two tubes joined together.



6. The process according to one of claims 2 to 4, wherein step (H)

is carried out at a tenperature of 90-%% 135C and a reaction pressure
of 20 to 180 bar. 307. The process according to one of clains 1 to 6,
wherein the tubular reactor is constructed froma conti nuous piece of
tube. 8. The process according to one of clai ms 1to 7, wherein the
internal g a t 495 61 Phel Pl thbvdhar PRchoP; %%tm@df?bﬁn t
-25 - 10. hgﬁe‘r%é%cggsssatcgg%%ggwngO%%%g%é_q% }al 183 % © Wﬁerelln t he ‘
tubul ar reactlosst ive tglomstinaddossther, charactris¢dea dltat thwbulabl@sct?fm\’ﬁréhe first 20 to 60%
toget her, characte v b K514 %
to 0% of 1t ot Braleh s ah Sk Rckiafy bERERGISL REELA IOHER b RA0D Sk end e
of 1.15mMto the i@@ndﬁﬁ todA% obvte length bassamcuipuialgianiater 40 St ofbulat sadterggtl A0 mum to
has an intern 11(ljli aneter of the tubular reactor of 100 nmto 500 mm
The process accor di ng to one of clains 1 to 10, wherein the tubul ar
reactor is free fromseveral layers arranged in parallel one on top

of the other #0. DAL 28GRl AUSE oPARE 1R S ahbloh B L BHANIRIR it AE G veral
paral l el 106 one "ano Yer orma contrnuous ow pa rom o

si de of the plaaetreaxtano«tdm p@qabdsm en ©p déthe h@ﬁwfthérhazhpmc@sg phoddy dﬁ' ghgnnels
to ong of clajns 1.t bu

sever a(f | ayerarranged apa?allg th Qe gr%ogﬂ eflfgg rf] er}ﬁonéo 1n1{o§$ﬁ<§vﬂéath ?rﬁ € s V\}ﬁé gﬁhe plate
are m crostrumtthm@qiossmastdhatereeﬁch | ayer has a pI urality of channel S
arranged parallel to one another which forma continuous flow path
fromone side of the plate to the opposite side thereof. The process
accor di ngl2.0 ®heprodescdcadrimg o ctm of @aimatiae &9, whetee the fubwet reamalis fstedroneyeveral
substance is selected from | east o r L

pol yet her pol )F/S IS arraonlgc)e/ Linpd araﬁel ope o top OP t?ie 8?%%?‘&821‘%%%%%%&%& ed P%apgach layer
wat er 15 et hyl ehs agihyf@lﬁy pf mamdsyinenwd@hlytb@ Itg orwranmwreviacfgﬂom@bqntmuous flow path
di propyl ene g a ediol, 1, 4-butenediol,

1, 4- but ynedi o% mr?g%m&é%t quﬁ E)e[fjé Opfbgt% i ﬁ?rlg%legjgl ol ,

3-nmethyl -1, 5- pentanedlol 1 6 hexanedlol 1, 8- octanediol 1, 10-

decanedi o odeca th

triethyl elr1]e gF}%‘% %rloces% ectcor%lgn 3?1 b?ee%tgclal? tc%/ gf 3%%1@%1 g}%x&{ogﬂ%f%@t&esubstance is
tripropyl ene eflaeedl fromliabUdayd eweofgthycgnbupt cqnmemdgybfobqiyaﬂp*ame yoglppb@ﬂm polyol,

tris(hydroxyet cyanur a hg
sor bi ? g hexP‘%‘Tths ugor%se pos,yt ar c‘%g gj 3168?1 %g qt& 1% 31 aﬁogélene glycol,
cel I ul ose hy ddptopglabeglydy.drBpeppantdiol, ¢,ﬂ+buna¢d1€§eu4-bab®d@hd 4-butynediol, neopentyl

LY or Oy T anSEheNA ! SRRS | Bk Bfl s J0f.RERC ©PErBERELH! N0eb8aRRRLOY 10-
| ength L to tdéendidnetzdoddRnefioll i 4dR(y8Mxymethyl)cyclohexane, triethylene glycol, tetra-
ethylene glycol, dipropylene glycol, tripropylene glycol, dibutylene glycol trimethylolpropane,

25 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.

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

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



