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and episulfides with zinc metalloporphyrins. It is characterised by the use of protic compounds such
as carboxylic acids and HC] as chain-transfer agent. The use of alcohols as chain-transfer agent is
limited to epoxides and lactones, the catalysts that are used being sensitive to large amounts of
30  alcohol groups and low molecular weight alcohols therefore being unsuitable as starter. Other
disadvantages are the sensitivity of the catalyst to traces of water, and the poor industrial

availability of the catalyst. Experimental details are not mentioned in the publication.

Macromolecules (2001), 34(18), 6196-6201 describes the immortal polymerisation of lactones and
35  lactides with aluminium complexes as catalyst. The use of benzyl alcohol as a monofunctional
chain-transfer molecule is a disadvantage. Other disadvantages are the sensitivity of the catalyst to

traces of water, and the poor industrial availability of the catalyst.



.- 2 - Chemstry - A European Journal (2008), 14 (29), 8772-8775
describes the imortal polynerisation of trinethylene carbonate using
benzyl al cohol as chain-transfer agent. .The use of a nonofunctional
chain-transfer nolecule is a di sadvantage. Macronol. Rapid Conmun.
(2009), 30, 2128-2135 5 describes the use of dihydroxy conpounds as
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25  Surprisingly, it has now been found that cyclic carbonates can be polymerised in an immortal
polymerisation with DMC catalysts to polycarbonate polyols having a molecular weight distribution
that is not substantially broadened compared with that of the chain-transfer agent, there being used

as chain-transfer agent polyether carbonate polyols.

30 Accordingly, the invention provides a process for the preparation of polycarbonate polyols,
characterised in that cyclic carbonate is polymerised in the presence of DMC catalyst and chain-
transfer agent consisting of polyether carbonate polyols. There can be used as the chain-transfer
agent a polyether carbonate polyol or mixtures of different polyether carbonate polyols. There can
be used as the cyclic carbonate a cyclic carbonate or mixtures of different cyclic carbonates.

35
The invention further provides polycarbonate polyols prepared by the process according to the

invention. The polycarbonate polyols prepared by the process according to the invention comprise
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20  The process according to the invention can be carried out in the presence or absence of an inert
solvent, such as, for example, toluene, chlorobenzene, 1,2-dichloroethane, 1,2-dimethoxyethane or
dioxane. The process according to the invention is preferably carried out in the absence of an inert

solvent.

25  Cyclic carbonates within the scope of the invention are compounds of formulae (I) and (II)
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wherein
R;, R4 and R; independently of one another represent hydrogen or a linear or branched CI to C12
alkyl radical or a C6 to C10 aryl radical, and
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DMC catalysts are known and described in US-A 3404109, US-A 3829505, US-A 3941849 and
25  US-A 5158922. Improved DMC catalysts are described in US-A 5470813, EP-A 700949, EP-A
743093, EP-A 761798, WO-A 97/40086, WO-A 98/16310 and WO-A 00/47649. Particular
preference is given to the use of DMC catalysts according to EP-A 700949, which comprise, in
addition to a double metal cyanide compound (e.g. zinc hexacyanocobaltate(IIl)) and an organic
complex ligand (e.g. fert-butanol), also a polyether polyol having a number-average molecular
30 weight greater than 500 g/mol. For the tests described in the examples, such a DMC catalyst
comprising a polypropylene glycol having a number-average molecular weight of 1000 g/mol was

used.

Polyether carbonate polyols are used as chain-transfer agent. Polyether carbonate polyols within the
35  scope of the invention also comprise ether groups in addition to carbonate groups and are prepared,
for example, by catalytic addition of alkylene oxides (epoxides) and carbon dioxide to H-functional

starter substances (starters). This reaction is shown schematically in scheme (IIT), wherein R



.Pol yet her carbonate polyols are used as chai n-transfer agent.
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Hydroxy-functional polycarbonates can additionally also be used as chain-transfer agents. Hydroxy-
20 functional polycarbonates can be prepared, for example, by condensation of diols with open-chain
dialkyl carbonates with cleavage of the alkyl alcohol. An alternative preparation method for
hydroxy-functional polycarbonates comprises the catalytic addition of alkylene oxides (such as, for
example, ethylene oxide, propylene oxide and/or butylene oxide) and carbon dioxide to H-
functional starter substances (such as, for example, glycerol, propylene glycol and its higher
25  homologues, ethylene glycol and its higher homologues), alkylene oxide and carbon dioxide being

incorporated alternately. Generally, homogeneous zinc or cobalt catalysts are used for that purpose.

A particularly preferred embodiment of the invention is a process for the preparation of
polycarbonate polyols, characterised in that
30 @ H-functional starter substance, or a mixture of at least two H-functional starter substances,

is placed in a reaction vessel, and water and/or other readily volatile compounds are
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al I cyl ene oxi des (epoxi des) and carbon di oxide to H-functional

starter substances (starters) in the presence of the DMC catal ysts
accor Ht ngS®ealkthe i nvention, the Hfunctional starter substance, or a

m xture Ofgafel ﬁ@p%tantﬁtfooftbctmet Icgttatatétparyt@rbys emtﬁdt%&(ﬁ o %f RIGRAG dkfdes

a reaction vessel and water” and/ or ot readi |
corrpounds(eawed%btlidowémydlwctmt\?é&ﬁmttlﬁlel $t§‘fee avbStae@PSd@t@rtert)on thexigpgenas, of the
by stripppRg B¥al £L%oxfaf Qb&ﬁ&ﬁt@&n@ﬁ tﬁ@f—lbigﬁ'ctghﬁ)%tagt%r (RREARNG! d )Htgtg%'t at
reduced pressure I stillati on I n vacuo at errper atures o

50 to 200ksst pyef ﬁebqlfylalf pteyier 8@b8t3@ce§69@1aqgérlt aghctien yegselednd reditryangdfor other
fromd3P0 {0qilARfatilcdBinpoRiaS b SRR reovdd@his is¥alrieh oRt RS EARfR bygmggl%by

the m xture of starter substances,” is referred to in snrg
as dryi ngmpass ef piyepaner oo igxitpfoptienally yder gednced Iprassuas) opey gistélasinm i wycuo

the H-fungt %mtuég &f ﬁ(ﬁ‘% g? ;grjlgdepg@cpﬁ%igfabﬁ/hﬁon{rwqou%@a(? Spaﬂltcullaﬁfgﬁtefg}%ﬁ@ ‘%t é' é)m

H functional starter s 'S owever 0 poss
a dried DMD tod#@iGy Jhistpoettchtomeit-df tircdtdrensubstgicar drenf tisubxtuanafstapter fubsttulves, is

m xture of eIl—Tl-ef onl%t{ on%edf%tlarétsg ; Lﬁ%?ét nees after drying. The DMC
catal yst CARNCBE BIFELFOTEH PEFE N the form of a suspensi on in
an H230f uncti onal starter subst ance. If the catalyst is added in the

form of a’TI?euBWcal[a?yst can alreadyrl)::le%];’e%(l;netl Pﬁe H-functional starter substance or the mixture of at

least two H-functional starter substances. It is, however, also possible to add a dried DMC catalyst

to the H-functional starter substance or to the mixture of H-functional starter substances after
drying. The DMC catalyst can be added in solid form or in the form of a suspension in an H-
30  functional starter substance. If the catalyst is added in the form of a suspension, it is preferably

added before drying of the H-functional starter substance(s).

Step (i) is preferably followed by an activation step, wherein a partial amount (based on the total
amount of the amount of alkylene oxides used in the copolymerisation) of one or more alkylene
35 oxides is particularly preferably added to the mixture resulting from step (i), wherein this addition

of the partial amount of alkylene oxide can take place in the presence or absence of CO, and



.added before drying of the Hfunctional starter substance(s). Step
(i) is preferably followed by an activation step, wherein a partial
anount (based on the total anmount of the anmount of allcyl ene oxides

used in the copol ynerisation) of one or ‘nore al kyl ene 350xides is

particularly preferably added to the mxture resulting fromstep (i),
wher ei n t FPSeaddraiingmeded & Rerigpalit barvehstihthe rmpaiaiys ek (StERAs) dighoceurs as
take placg réquittdIandEasees QobthdRieREemief ddioRNdd/or a hressMO@FHI A t8e reactor
wai ting period_js optionally observed until the tenperature peak

(" hot spot ®JUBShAle BRIRgH & mee rangased when the activghidfetierots camizd PR rhecabsence of
chem cal geaction, and/or a pressure drop in the reactor occurs. The
hot spot is nore pronounced when the activation step is carried out in
the ablence of CR. 5 Step (ii): The netered addition of one or nore
aIIcernesgﬁpges and of the carbon di oxi de can take pl ace

si mul taneously or sequentially, it being possible for the entire

amount of TarkErddiddikirr ef oer Hemawddeyiae widseawst off the gahan dioside iwem e place

over the gigatideOnly driBquehialplifhentt RCAMIL R heQhitik RRILER LM R KRS0 bSadded
10 preferably carried out. The netered addition of one or nore

al kyl ene #hanged ip aRecrpl HERCEP ¥ e arrebrstine. oy mefeigd efdiiien efyhagartipnidiaide is
net er pfl agdictdbBn cAtied Nt CBRD MO XidiEon bf ofie RlrUmndlel hikyiofe @J{iﬁé’s: ;%31%3 place

oxi des are used in the synthesis of the polyether carbonate po .
then t he FBEEIERRsHARN ALY Ebthednsicred riditmapfehe parbon dipededf ¢ phyrality of

sequent i ahikylelt Si®BRAL Al iBLE L Rched U thOPSyder ChBoRHRE p&%ol@ﬁé?l_ the metered
netered additions, at |east two al kyl ene ox1des being netered in as a

m xture. &fdgionflereodgan igkeplage simdtapgoudy erseqeratielivonia epanatgeneigredadditiqns or via

oxi des  anghetfr e meRf kqadigié)rgx&tg;&sﬂ tkvoiaﬁcggqaé 8kibdsBeln® nSYMNRSE 8 SnikBRd f}mthe

alternpating, block-like or gradient-Ii pol yet her carbonate polyols.

Pr ef elabl yaturaRf dieciagered pdditigrnefrihe plyleareoxigns siad ob thetdgebop aliexiiedt iscpossible to
anmount  of ginie QR RHE i RHiRO Btk M Seerhdiert-N8e RNNMRE BRSonSRLBGHEL €
polyol, is used because an excess of carbon dioxide is
Preferably, an excess of carbon dioxide, based on the calculated amount of incorporated carbon
dioxide in the polyether carbonate polyol, is used because an excess of carbon dioxide is
20 advantageous due to the slowness of carbon dioxide to react. The amount of carbon dioxide can be
established via the total pressure under the reaction conditions in question. The range from 0.01 to
120 bar, preferably from 0.1 to 110 bar, particularly preferably from 1 to 100 bar, has been found to
be advantageous as the total pressure (absolute) for the copolymerisation for the preparation of the
polyether carbonate polyols. For the process according to the invention it has further been shown
25 that the copolymerisation for the preparation of the polyether carbonate polyols is advantageously
carried out at from 50 to 150°C, preferably at from 60 to 145°C, particularly preferably at from 70
to 140°C and most particularly preferably at from 90 to 110°C. If temperatures below 50°C are set,
the reaction comes to a halt. At temperatures above 150°C, the amount of undesirable secondary
products increases considerably. It is further to be ensured that the CO, as far as possible changes
30  from the gaseous state to the liquid and/or supercritical state under the chosen reaction conditions.
CO;, can, however, also be added to the reactor in the form of a solid and then change into the liquid

and/or supercritical state under the chosen reaction conditions.

Preferred reactors for the preparation of the polyether carbonate polyols are tubular reactors, stirrer
35  vessels and loop reactors. The addition of the alkylene oxide and of the CO, can take place,

independently of one another, batchwise, semi-continuously (semi-batch) or continuously. For
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.- 9 - There can be used as the suitable Il-functional starter
substance (also referred to as "starter") conmpounds havi ng hydrogen
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35 _
Polyhydric alcohols suitable as H-functional starter substances are, for example, dihydric alcohols

(such as, for example, ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol, 1,3-



.The Hfunctional starter substances can al so be selected fromthe
substance cl ass of the polyether polyols, in particular those having
a mol ecul ar weight M in the range from0100 to 4000 g/nol. 15
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pent aer yt m xt ure t'he hen co ol
pol yhydr i Bolpad|1pe4, h‘é‘POlp(ﬂOXb’Ol $014r dragbelpled 0BG Pa‘mioﬁ’ol)ff)bwﬁﬁoﬁarwll® BD 1110

pol yesterg Vi e St r i
subst ances% ﬁﬂJS@IlrSgpg?&aﬁ% ?o%%c}f Hf:ﬁ %§i po%ﬁlte&% ﬁgassﬁgc}n ?ﬁ e SIultablle homo
are okt ai wézbthyIRtnb yentdqerarq@dblygﬁaglph tthe Rhuried"f I dmnﬂsdrmo BZ@BOSI’g/thblamemo-
pr ef er abl r N, af t o]

There cany ?@?&%l&@gghﬁ%e aﬁ%hﬁ h?opr%g st ar Igor% %51 3‘2’2{;3@ S mixed
pol ycar boweplemgisaif sthylene p?adtt prolupropylanh oside hwey fon gxanpio | tecRibanicheE gh Pluviel”
in the ra blh QR EPRALRSAS00 g/ nol, preferably from 500 to 10 2500

g/ nmol, which are prepar eé for exarrpl e, by reaction of phosgene,

di et hyI carbonate, diet hyI carbonate or di phenyl car bonat e and

d| fu Oﬂ?I t r e o]

n.f()t pg"}m;?gar gtl@]rg r esgl% V\%ﬁﬁss Cglrl $9 lou¥ gélcsc{e% frc‘?ﬁ) h% ng?ancg 8@% 0£?116 polyester
1359177 padyols xrapptiailartthee dagega b@laqsledwaghtdﬂhymaiebmtfmndmﬂ ® 450@ g/mol.
Desnophe i
exanpl e, n’g{ee}se n%shxéﬁd?? Igdé:)o ?Pfggtylggls %fe%[ d ul ?10? 8%%% sl%?yest polyo?s preferably

consist of altemating acid and alcohol unlts There are used as acid components, for example,

suceinic acid, maleic acid, maleic anhydride, adipic acid, phthalic anhydride, phthalic acid,
35  isophthalic acid, terephthalic acid, tetrahydrophthalic acid, tetrahydrophthalic anhydride,
hexahydrophthalic anhydride or mixtures of the mentioned acids and/or anhydrides. There are used

as alcohol components, for example, ethanediol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol,



15 In a further enbodi ment of the invention, polyether carbonate

pol yol s can be used as Hfunctional starter substances. The

H functional starter substances generally have a functionality (i.e
nunber of El atons active 20 for the poi nerisation per nol ecul e) of
froml to 8, preferably 2 or 3. The Hfunctional starter substances

are used ePwselAnGdiodi vPeREIYYy &bceln tlHchoraedobf h4wishydrexyaictyD-cydahsxane,
two H-fungiingrad ?@E&raiﬁ‘bpﬁbﬁésél?dap %wtl%'f’l@lg)ﬁﬁﬁrﬁzd gl?ﬁé;Hngén'taﬁ%ﬂ{ntﬁto@rlﬁlﬁﬁres of

substances are al cohol ner al

wher ei n xthesmgptigpgthaleololso if IhhcyémZ@r PEWEYCE#Ca}EﬁXFﬂ&ﬁ p@lyeh #e rm@# af thrralpohol

to 20. Exaamgoﬁau%o@se‘emqieﬁ pa%ermlag oA 11k QFE b ufddVis as&r%mfin%&efor the
gl ycol, 1,4-butanediol, 1,6-héxanediol, 1,8-octanediol,

decanedli oprepgietion of ﬁmd)eb'é@arrféﬂqomte Pyt #e pbtaunecf Epkyetaerrnofyahcftlthdﬁal— from 150
starter spupsbepaR? ax%?efé?ﬁﬂ?@é%& yd; o ﬁf&a‘a}anoﬁ iRk R RELRERSS.

gl ycerol, pentaerythritol,” reaction products of the al cohols
accordlng to formula (1V) wth c-caprolactone, for exanple reaction

products @fleré Edn@ﬁﬁm‘ th&H%E’ﬁ%néMoBJT st@ﬁ@@ﬁ@slta%gés%grcarﬁﬁﬁ%t&&g] PP REUEL hose
of glycerol wth c-caprolactone and reaction uc

pent aer yt kvingot mplachlat weight Mnaist BpeangFfromhdpo ﬁﬂr &5 /gl ageferably from 500 to
H-fungd i opgg %%ﬁr % &ith %Q)%p%g eﬁr &afh Wﬁeact%ggf ﬁfo@é’eln rlﬁ'm& onate diethyl

di propyl ene gl ycol, castor , sor yet her
conposed Wbm@@@a@mh@ywlgpam égﬂl @ﬁ@ct&ﬂﬁldiécob@iﬁ Plspolyesfellizblyols]m@olyeﬂler polyols.

H functi opaly, Jﬁéseyfﬁ;%cm&%@m?& RLf, RATkifil ak ky. Apiﬁsgﬁva?byexgﬁ@e%em can

more conpounds selected fromthe group, co r|S|ng ethyl'ene gl'y
pr opy| enebgyuspe as polycathopate giaksebis Besmopha” L typesdinoBayer ] erlblSplamd%IS}mh as,

1 5 pent anedidaloie RLARMINTRE ORRNPDLyhPlo popent vl gl ycol

1, 6- hexanedi ol , 5 oct anedi ol |ethy ene glycol, dipropyl ene
glyc015 glycerol trlnethylolpropane - and trlfunctlonal pol yet her

polyols, qu@ch& aﬂasdlﬂfahry&ﬂﬁ@ﬁw&%lygbl btﬁerccqfﬂggaig Ho19d1s Banlle” usf as H.functional
tr|-F+funct|ona starter substance g propyl ene oxi de or o

tri-H fundefesaeistageedr t er substance, propyl ene oxi de and et hyl ene

oxi de. The pol yether polyols preferably have a nol ecul ar weight Mi in
the range from 62 to 4500 g/nol and a functionality of from2 to 3,

and in pafhkg Bdhnstionsl gertercybsgncesegegerally have a functionality (i.e. number of H atoms active

20 for the polymerisation per molecule) of from 1 to 8, preferably 2 or 3. The H-functional starter
substances are used either individually or in the form of a mixture of at least two H-functional

starter substances.

Preferred H-functional starter substances are alcohols of the general formula (IV)
25
HO-(CH,),-OH (IV)

wherein x is a number from 1 to 20, preferably an even number from 2 to 20. Examples of alcohols
according to formula (IV) are ethylene glycol, 1,4-butanediol, 1,6-hexanediol, 1,8-octanediol, 1,10-
30 decanediol and 1,12-dedecanediol. Further preferred H-functional starter substances are neopentyl
glycol, trimethylolpropane, glycerol, pentaerythritol, reaction products of the alcohols according to
formula (IV) with e-caprolactone, for example reaction products of trimethylolpropane with &-
caprolactone, reaction products of glycerol with e-caprolactone and reaction products of
pentaerythritol with e-caprolactone. Further preferred as H-functional starter substances are water,
35  diethylene glycol, dipropylene glycol, castor oil, sorbitol, and polyether polyols composed of

repeating polyalkylene oxide units.



10Mh in the range from62 to 3000 g/nol and a functionality of from 2
to 3. Step (iii): DMC catalyst can be added in step (iii) in order

to increase the concentration of DMC catalyst in the reaction

m xture. 15 Preferably, however, no EMC:%ataIyst is added in step
(iii), because it has been found surprisingly, that the polyether
carbonate polyol chain-transfer agent resulting fromstep (ii) stil
contai ns Mﬂcﬁhéioﬂﬁtsta%} GbsBRRs St ga'rtﬁiufaﬂgz prirally bhe oﬁﬁfol’evé&ﬁfm{ugfs stsfe&ed
subsequent inmortal polymerisation.” The advantage of this enbodi nent

i s accor ditaglthe grer canpaisipyethylspaglyen. W@W@? slrcqloh.3propanediobrl3ahutanediol, 1,4-

20pol yner ,satdaRn @fs.ptemgne%@l Q‘Ene‘éiﬁv[ﬂi’&ﬂﬁ‘é £s. dick, abdpSAYY o asqrﬁ héxQnetdm? 1,8-
chai n-transfer agent. B@ ii1) I's preferably carrié&d olt

presente @‘ftaﬁeﬁl’@}n ‘ileﬂlfléﬂeZ@ olp stiremtene aglugols glycerple tpmethiélpkpemmreeaht iapgh tri-
t enper at Uf@clichal SOABIBO pdiold Qngyeupl@E E)bl?éﬁl@rpbbf/opi"s %&ﬁﬁ&@& ¥f 4 508 S0 % hctional
130C. Reaction tenperaPures that ar hi are di sadvant ageous
because esthiéqr sypsirnes angh rropyiens axkdsoorfod rarﬁbdorwmfﬁrﬂmcmhgert@fsu@@zce PBopylene
The reactbgg. Eﬁcf@h}lgheséﬁc[% (rhé bay&tﬁerqmeisaﬁr!efgrat by a o110 Wt Mn i the
preferably from?2 rs, gener al no nore cyclic

car bonat erange %@reéém%pﬂ g/cnﬁé amcefa@mt@nalﬁy Rﬁfmfe?- ton}, g iwaritigelpga melgenlar weight
conpl g ensfisin i rhll 6ABYE0 Sh0RMAL P REREARORr AGRANIING LO Step

(iii) 1s nonitore contln until no nofe cyclic carbonate is
present in the reactlon m xture. The progress of the reaction can be
30 nnnitogggpujor exanple by means of suitable analytical nethods
(e.g. IR Spectrosco chromat ogr aphi ¢ net hods after sanple

r em)val ) BMCeatalys cael Ch@dstfwdrlélﬂy oglgpioripeedse (helppnasatmbion af PMC catalyst in
tests. thE R ciaRis &S, according to step (iii) can be carried out in

t he presence or absence of an inert solvent, 35such as, for exanple,

t ol ueh®e, chl orobenzene, 1, 2-dichl oroet hane, 1, 2- di met hoxyet hane or

di oxane. mera%ﬁma%aeﬁﬁsm Bt} ) lstat\eed RERLLP BedascR 1R Féalmﬁdca Hsfagly,
out in the absence of ‘an inert solven 3°- Inan alternativ

enmbodi nenthaighe pelgethencathepaghpalyrd ckaip- gﬂ@&eag@éreeﬁammﬁ@m &1B (idrstil gewiaing DMC
pol ycar bonadift RiohOas Wk ffgﬁnp APRERHPILRAN R sMeq%J ﬁglsﬁol)qlflentsgl%n The
present invention. Accordingly,” 1t 1s a process e prieparation

of pol ycatdyswageeonbisyerbodinshh psarccerdinglydthptnthe ARMC @9@1yist:1‘€€@1r€l§oﬂ¢att1€ jmgmortal
pol yrRy i Sggy, hasaﬁa RHRIGORS aRbndlVs agzﬁl gpfés%nﬁﬁﬁleeﬁamba/s@e%%% ate

pol yol prepared by the process accor 5 1nventi

chai n-t r abisp &iil) dgrmicyablyTesrddagut éhthe rrésenqgsoifyiear B rﬁ@@@%ﬁ@d% Catﬂlyst The
chain-tr Y, r t f ley U o
o vl ght Pared ARE @febAf, PR 055 1000 RnBhE pRIGIAT I SEH, Lfbec.
1: 0. 005 t Beatti&) tempstatupss ghas rasd top h‘lghoma _ﬁis@dﬂﬁﬁgftoos beckuseTdtles erroups are then also
pol ycar bopat, as chain-transfer agent are prepared
beforehang)|%ig?i%8§§6#§%?gactlon step. 10The process according to

the i3fvention permts access to pol ycarbonate pol yols which have a

The reaction time in step (iii) is generally from 1 to 48 hours, preferably from 2 to 24 hours, so that
generally no more cyclic carbonate is present in the reaction mixture. Alternatively, the
completeness of the conversion of the reaction according to step (iii) is monitored and continued
until no more cyclic carbonate is present in the reaction mixture. The progress of the reaction can be
30  monitored, for example, by means of suitable analytical methods (e.g. IR, NMR spectroscopy,
chromatographic methods after sample removal) or can be determined purely empirically by

comparative tests.

The process according to step (iii) can be carried out in the presence or absence of an inert solvent,
35  such as, for example, toluene, chlorobenzene, 1,2-dichloroethane, 1,2-dimethoxyethane or dioxane.

The process according to the invention is preferably carried out in the absence of an inert solvent.



.ol ecul ar wei ght distribution that is not or is not substantially

br oadened conpared with the chain-transfer agent and which are

di stingui shed by a defined OH functionality. By suitably choosing the
cyclic carbonate, the ratio between perﬁTy and secondary OH groups

in the end group can be adjusted. If trinmethylene carbonate,

neopent y| IiAnalismaidveramadiment of thasinnigption thgres visd Aveliabt trapsienrdsoimapadycgrbonate
et hyl ene ﬁﬁ?@%ﬁéh%ak Bec $RGar@E b [ pFokEdsiof 11 AR Al EntioR CAKGRERBN RY€a process
polyols that contain only prinmary OH groups as end groups are o
obt ai ned. far thegwrppeatipisofpolctrhomteashdtsr ala@c{egwd dipthat gyplicrrarbpnaty-sgelymegsed in
have a hi gRefestRA6EDNIC dhtalysCind®¥ BORLEodnlte pBIGoI Gl B 1M drdb ding to tt

i socyanat es%t% ur et hane uan)ifst s. I?}Iﬁ?he reg%t ?%r{#%’% po tolpg _ﬁstaﬁcor g fo the
di i socyantwvesion £ chpigftiersfyyaesgits de Jhanade dic pohyasbenateusedsas chaiprbresferageng and
curing of th_teg@%ma%dn%sm FleflAlg, QleaUs e Righ thie B AHGLI @1 @71.3d ﬁgm%sﬂy

foans, rigi oans, thernoplast’ic urethanes éTPUB), adhesi ves a
al so i n sbicfesbbr toatlitS do dideo siost roeferablsidrogi 5p&Psiooht. Tisy ppétcaberateopalyols

are inter ahiahhe-MeRrfectW gt réafbei%;e@lﬁﬁ K ICEArAadRBh % et hane

materials. 25The process according to the 1nvention can carried
out wi thout conplex inert gas technol ogy and proceeds quickly at

moder f © {RITPRLAL Ub&RdinP 1 riﬁ‘f"%ﬁg‘g é!nﬁ@@sta?&g% Hil Eﬁ?éarb%ﬁ&tﬁ%%rﬁ}s W& have a

as, for exanple, toluene, chloro ene, _ or oet _
1, 2- di met Hebequartyagight distrididnuahat is s ioniy npeeybstantiglly Wopreptd eomped witbfthe chain-

primary %rﬁgga%%iﬁ;:wtﬁ @H%{g\msﬁ@b : &%Héoeeﬂﬁ%&ﬂb%u@v%%gﬁhagg%gg&mg the

et hyl ene oxi pol yether” ca ate preparation.”

et hyl ene exelidlgatbenatp, gt jatimaiivesn ploarkioné vesendano OH gaspsnis the eaagroty cambe
the wor kp}ace.jang bedufyide cabilele, tRGpdn chvan EANL ! et _ﬁ,ilgm anediol
pol yet her carbonate preparation, the -catal ysed secondary re ction
bet webh etdijdnaiger othylgec erlpneaisioad 8 B pxidic cubejiateepdyaattiogate phlytle et contain

car bonat eyiis , RLAYT BBRs ot Bud 6 RERIBAGR Of carbon dioxide. - 14 -
Exanpl es %hgpme?ght- anéanuﬁ%%r}geerage mol ecul ar wei ght of the

resulting polyners was determ ned by nmeans of gel perneation

chr omat og - : 1 RS
o ot oL Gl Ty CRSEUE AGEE B L IBER LB, B an
sol vent " natbe fesctianwath isoeyapaies ogwrethangrplitesinghe keagtion afutololsmeiitls dilorganates
used r | : : j [ IS ' :

Lo 407 B 00en RZAL SARERTHAG Bl AELLRAE, O f e e e
wei ght . Teredystipy af pébls ifeaynsi Bgid Jeanswihemaeplasheursiberrs (BPUphadhegives and also in
to asSesss&ﬂ&-@aﬁ@fﬂ?ﬂpositions and dispersions. Target sectors are inter alia the manufacturers of

prepolymers and polyurethane materials.

25  The process according to the invention can be carried out without complex inert gas technology and
proceeds quickly at moderate temperatures, and preferably without inert solvents, such as, for
example, toluene, chlorobenzene, 1,2-dichloroethane, 1,2-dimethoxyethane or dioxane, being
required. A high content of primary OH end groups can otherwise be achieved only by the use of
ethylene oxide in the polyether carbonate preparation. The use of ethylene oxide is questionable,

30  however, for reasons of safety in the workplace and toxicity. Under the reaction conditions of the
polyether carbonate preparation, the DMC-catalysed secondary reaction between ethylene oxide and

carbon dioxide to give cyclic ethylene carbonate is predominant in the presence of carbon dioxide.



10of the nol ecul ar weight distribution, that is to say the higher the
val ue of the polydispersity, the broader the nol ecul ar wei ght

di stribution. The OH nunber was determ ned on the basis of DN

53240- 2, but N-rnethyl pyrrolidone was usél-as sol vent instead of

THF/ di chl oronet hane. Titration was carried out with 0.5 nol ar

et hanol i cEk@epless (end point recognition by neans of potentionetry).
Castor oil with certified OH nunber was used as test substance. The

i ndication of the unit in "ngKoH g" refers to ng gKCPNg [ pol yet her

car bonat e TpoPgight andrrembeger@agstmeepy it efhilb arratiag Pelymer was determined by

pol yet her it .
Cpeot r osconn ( Beaarne b R ol bS] (P e =5 - Skl OV ssera gel

was di $sopagation chigentogsaky, Pert i e Beteshadrefirants slutiemsotrentt was fallpwed Rplystyrene
resonance%ﬂﬂks%@ﬁloﬁm1§£?%He'ﬁ§@d(f&ac§ﬁﬁa% TMs = 0 ppm) are as

fol lows: polyether polyol (ether units in the polyner w thout
i ncor porated carbon dioxide): resonances at 1.11 to 1.17 ppmwth

area A, Tego B@I?&l@pe?sﬁt?% ¢ f63 QJ(PQH{,S Wre%htsavlétégé UBPecular %ir ptoﬁ)a&g number-average

resulting from carbon dioxide 1ncorporated ’in the p car bonat e
pol yol : r ewlisadnceaighyt The psz!srdtsnfzratysszuss@ withintthe sgprset] Bw m@%watn@esesﬁrthfabreadth

cor 1 espONngdsit Ghofecklafly@iFhe distfidifiloh Sn&as Q:P!&g Aﬁe hlgﬁe? ‘?}'Ileaé?h‘ﬁ?e &tthelpcﬂ%lépeéﬁy, the

ppmw th area C, resonance area correspo
unr eact edbisrdspihearndecslar weightdisgdmberce at 2. 95- 2. 99 ppmvmth area D,
resonance area 30corresponds to one H atom unreacted trinethyl ene

carbonate: 4.46 and 2.15 ppmwith areas E and F, resonance areas
cor r espondh¢ GHmuzmber wasHdearmingd on thejbasis P@D@hé’ﬂé@ﬂb@ﬁé\f wethypyrgiden wap used

into the E)sos!o}(fgf?trmstéd%éT dﬂlcglo%qeaﬁ% %t}ahoﬁl;vg&%ﬁ%d%ﬂpwﬁog P en&sfolic ko

areas_correspond anount of carbonate
i ncor por afead ppint ten@np@n;bmeanwftm@nnmm diaster sil with cergfichOHulumbenvzssed

fol lows: 4 test JakihRg, g’gé Qnmgé\aglgﬁ“' gk ﬂtlfhg if & a&'ggjclg" NLRAS|L lng é)l(dlﬂfg[ Hjolyether

amount of pol yner - bon onate ("I near ar bonat "
reacti on firkaraie@olxeld- converted to rml % according to fornula (V):

The ratio of propylene carbonate formed to polyether carbonate polyol was determined by means of
20 NMR spectroscopy (Bruker, 400 Ultrashield, 400 MHz, 16 scans). The sample was dissolved in
each case in deuterated chloroform. The relevant resonances in the "H-NMR spectrum (based on
TMS = 0 ppm) are as follows:
¢ polyether polyol {(ether units in the polymer without incorporated carbon dioxide): resonances
at 1.11 to 1.17 ppm with area A, resonance area corresponds to 3 I atoms,
25 e carbonate resulting from carbon dioxide incorporated in the polyether carbonate polyol:
resonances at 1.25 to 1.32 ppm with area B, resonance area corresponds to 3 H atoms,
» cyclic carbonate: resonance at 1.45-1.49 ppm with area C, resonance area corresponds to 3 H
atoms,
e unreacted propylene oxide: resonance at 2.95-2.99 ppm with area D, resonance area
30 corresponds to one H atom,
s unreacted trimethylene carbonate: 4.46 and 2.15 ppm with areas E and F, resonance areas
correspond to 4 and 2 H atoms,
e trimethylene carbonate incorporated into the polymer: 4.24 and 2.05 ppm with areas G and H,

resonance areas correspond to 4 and 2 H atoms.

35



LC=*100% A-FB (V). The amount by weight (in w.% of
pol yner - bonded carbonate (LC ) in the reaction m xture was
10cal cul ated according to formula (VI): B*102 LC -*100% A *58 +B*102
The factor 102 results fromthe sum of “the nolar nasses of CO2 (ol ar

mass 44

g/ nol) and of 15propyl ene oxide (nolar mass 58 g/ nol), the

factor 58Thesupy of cabradie inspiaraictes sho polgnerpipl bip aeastiord Buxthds gpilsed as
(in mol 99 ¢of,wenreact ed propyl ene oxide (PO in the reaction m xture
was cal cul ated according to formula (VII): PO *100% VII).

24/ 3+B/ 3+C/ 3+D

10

15

20

25

30

Taking into account the relative intensities, the amount of polymer-bonded carbonate ("linear

carbonate" LC) in the reaction mixture was converted to mol% according to formula (V):

LC=—2_%100% ).
A+B

The amount by weight (in wt.%) of polymer-bonded carbonate (LC’) in the reaction mixture was

calculated acceording to formula (VI):

)
A*58 + B*102

1

£100% (VI).

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

oxide.

The amount (in mol%) of unreacted propylene oxide (PO) in the reaction mixture was calculated

according to formula (VII):

0= D
Al/3+B/3+C/3+D

£100% (VID.

The amount (in mol%}) of cyclic carbonate (CC’) in the reaction mixture was calculated according
to formula (VIID):

CC'= c/3 £100% (VILD).
A/3+B/3+C/3

The amount (in mol%) of unreacted trimethylene carbonate (TMC} in the reaction mixture was

calculated according to formula (IX):

mc=—2LTE  s100% (1X).
E+F+G+H



‘The amount (in nmol% of cyclic carbonate (CC ) in the reaction

m xture was cal cul ated according to formula (M11): C 3 CC'-*100%

24/ 3+B/ 3+C/3 (VII1). The anmount (in nol% of unreacted trinethyl ene
carbonate (TMC) in the reaction nixturel®@as cal cul ated according to
formul a (TX E+F TMC=*100% E+F+G+H - 16 - The 19F- NMR

spect r osc&pt CFADAR gpestrasspric msasugrmeatsiphilalgmining thetdtie dfrripwintarsycondary OH
secondary, t ndar

Vet hod D S0 SR IRT o8 GRGInE R AT IR MARED PR Crpaaly of 4T
pri mary ORiggmabigps. %ﬁ@n@bﬁéﬂ?ﬁé@m QH tgrrapy werg ebsensd 28the sangy 5533 tom33 ppm,
the si gnals i &?%&&%F}V OPEk BHOVES E@fv@d%’tb§§£9’t%d7§‘57 2. 48 to -75.57
ppm 5 Exanple a) Prepafation of a pol yet her carbpopnate di ol

(chai i*transfer agent) by copol ynerisation of propyl ene oxide (PO

and CO2 i py #ﬂg . presence of pol ypropylene glycol as starter 10 A

m xture o ng of DMC catal yst (prepared according to Exanple 6 of
WO A 01/ 809 2ypaeyépn & 8 ryhgthep chnpprasp yliod nehagt-yewler (agee ther copolphedatiar of

ht 1 d
St1 Fred (L0B Y B S S g O B PO B LR O 0 har)
and a light stream of argon. After application of a CO2 pressure of
15 b 9 '
an 1LE porn o P P AR Bl forEL © REuR, LG RB1 ) D4 o
m nut es at3. 1130@ I(Oébmrqpbdeng gypedetaBgOmalepnldr) weight 1009 IgénolB@ai)plgcedfm RG00 ml
were t hen%rggﬁgge?geahtgr de%tllqu §6)6'% grlpl }{011‘ 39 l%c/ unp%] T a Swll% vacuum glk%{é)eld a

was conpl irri was ¢ rr|e out hour's ‘a

A sanpl e hgmm dfat@n Ahatapplgaten dr (E(Dzrmems oﬁtijbhr,e&js byf pepayisneaiidFO)
spectrosc M. % ona £ containi

b Tt on e mel e A APHEUPEL HRRR VD M) ROREEn FRENE ok W o

0.1 ndd % pfrmmy{ee me1309¢ (:l;ﬁn-mlgdpe“edJSO@rﬁh%) oryﬁjruher 33.0 g of PO were then metered in via an
HPLC pump (1.0 ml/min). When the addition was complete, stirring was carried out for a further
3 hours at 130°C. A sample removed after that reaction time was studied by means of NMR
spectroscopy. The mixture contained polyether carbonate containing 10.5 mol% carbonate units
corresponding to 17.1 swt.% carbon dioxide, 0.1 mol% propylene oxide and 1.1 mol% ecyclic

20  propylene carbonate.

The low molecular weight constituents were removed from the mixture in a rotary evaporator, and a
sample was studied by means of NMR spectroscopy. There were obtained 39.4 g of a mixture of
polyether carbonate containing 10.8 mol% carbonate units, 0.0 mol% propylene oxide and
25 1.1 mol% cyclic propylene carbonate. By means of '°’F NMR spectroscopy, the ratio of primary to
secondary OH groups was determined as 11.6/88.4. The polyether carbonate obtained had a
molecular weight M, = 6520 g/mol, M,, = 9530 g/mol and a polydispersity of 2.06. The OH number

of the mixture obtained was 25.7 mgxon/g.

30 (B) Reaction of the polyether carbonate diol obtained from stage a) with trimethylene carbonate

(immortal ring-opening polymerisation with DMC catalyst)

A mixture of 10.5 g of DMC catalyst (prepared according to Example 6 of WO-A 01/80994), 20.1 g
of polymer from Example 1 (a) and 20.1 g of trimethylene carbonate was placed in a 300 ml

35  pressurised reactor and stirred (stirring speed 500 min™) for 30 minutes at 110°C under reduced
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molecular weight M, = 5620 g/mol, M,, = 7340 g/mol and a polydispersity of 1.31. The OH number

of the mixture obtained was 40.0 mgyow/g.
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Wwherein 10RI, R4 and R5 independently of one another represent

hydrogen or a linear or branched d to Cl2 alkyl radical or a C6 to
Cl0 aryl radical, and R2 and R3 independently of one another

represent hydrogen or a linear or branchdd d to Cl12 al kyl radical or

a C to CO aryl radical or an allyloxynmethyl radical. 153.Process
accordingﬂﬂalééémh1l, wherein the cyclic carbonates are selected from
at | east one of the conpounds of the group conprising trinethylene

car bonat ), nepRERt ¥or 1 prGRlati6AE BRNREBonate polyols, characterised in that cyclic carbonate is
2,2,4-trinethyl-1, 3-pent anedi ol "car bonat e, . o

2, 2- di met hy 1- B0l @gsisehinakl REscresrab S eatalyst and daingdriasfpiigen gpisistiag ef polyether
2-nethy|-1,3-gﬁgﬂgg§g%&g carbonate, 2,4-pentanedi ol carbonate, 2-

nmet hyl - but ane- 1, 3-di ol carbonate, TMP-nonoal |l yl ether carbonate,
pentaetythritol diallyl 20ether carbonate, propylene carbonate,

phenyl et hyl engr cat RQRBAKS ANdaifl NV RREL GRS %%g@tcgrborﬂitep [sOERSRd #BHOANEAY one
to claim1, wherein there is used as the catal yst zinc
hexacyanocobatomwpeeid afthe gipHpchmpovipy the esnpeyndsrog fsinelae Ghidd]D | i gands
tert-butanol and a popyet her polyol having a Qynber-average nmol ecul ar

wei ght greater than 500 g/nol. 25 -20 - Progess according to claim
1, characterised in that the polynerisation the cyclic carbonate
takes place in the esence of DMC cat al

d at | east one

Phat the wei ght ratio

of chain-transfer cyclic carbona from1l:0.001 to 1:50.
' [ characterised

Process accorﬂ% gt that (i) Hfunctional
starter substance, o mxtute of at |east t H functional starter
substances, is plaggd ijp a reaction vessel, arfs wat er and/ or ot her
readily volatile coﬁbounﬁs are optionally renoved ("drying"), wherein
the DMC catal yst, t{ig Hfunctional starter gybstance, or the mxture
of at least two H-functional starter substances, are added before or
after the dry¥kegein(ii) allcylene oxides and carbon di oxi de are added

tot hﬁ) m xt urg ,'R@f%ﬂ{i kS'ﬁ eégnggﬂtl to?Qne(zin))thF;r&ﬁps%htﬁgﬁlro%%ria?ﬂgar% Bljan hed C1 to
formation of t e(Po et her carbonate polyol charn-transfer agents,

12 alkyl radical or a C6 to C10 aryl radical, and

R2 and R3 independently of one another represent hydrogen or a linear or branched C1 to

C12 alkyl radical or a C6 to C10 aryl radical or an allyloxymethyl radical.

15 3.  Process according to claim 1, wherein the cyclic carbonates are selected from at least one of
the compounds of the group comprising trimethylene carbonate, neopentyl glycol carbonate,
2,2 4-trimethyl-1,3-pentanediol carbonate, 2,2-dimethyl-1,3-butanediol carbonate, 1,3-
butanediol carbonate, 2-methyl-1,3-propanediol carbonate, 24-pentanediol carbonate, 2-
methyl-butane-1,3-diol carbonate, TMP-monoallyl ether carbonate, pentaerythritol diallyl

20 ether carbonate, propylene carbonate, phenylethylene carbonate and ethylene carbonate.

4. Process according to claim 1, wherein there is used as the DMC catalyst zinc
hexacyanocobaltate(III) which comprises as organic complex ligands ferf-butanol and a
polyether polyol having a number-average molecular weight greater than 500 g/mol.

25
5. Process according to claim 1, characterised in that trimethylene carbonate is used as the cyclic

carbonate.



(1ii) tothe mxture resulting fromstep (ii) there is added the
cyclic carbonate, which can be the sane as or different fromthe
cyclic carbonate contained in the mxture resulting fromstep (ii),
wherein the weight ratio of m xture resﬂ?ting fromstep (ii) to added
cyclic carbonate is from1:0.001 to 1:50, and the resulting m xture

i s react eft atPraceseserdig e elapt .ichypstgbed B e g pabmessisaiion F g@ ca¢hisgatbonate
claim8, chargeleldsgdnd el orMMEMeGatAL é‘t,sléaslf[ cﬁg?ﬁ%ﬁ-q‘aﬂsﬁr §éeﬂpat%|#éaa)sction

Process according to claim1l, characterised in ere 1s use
t he chai n-t r anepaptueggé fromH0po I §08Er bonat e whi ch has been prepared by
the process according to claim1. Aliphatic pol ycarbonates obtainable

by a process according to any one of clains 1 to 10.
5 7. Process according to claim 1, characterised in that the weight ratio of chain-transfer agent to

cyclic carbonate is from 1:0.001 to 1:50.

8. Process according to claim 1, characterised in that
(i) H-functional starter substance, or a mixture of at least two H-functional starter
10 substances, is placed in a reaction vessel, and water and/or other readily volatile
compounds are optionally removed ("drying"), wherein the DMC catalyst, the H-
functional starter substance, or the mixture of at least two H-functional starter
substances, are added before or after the drying,

(ii) alkylene oxides and carbon dioxide are added to the mixture resulting from step (i)

15 ("copolymerisation” with formation of the polyether carbonate polyol chain-transfer
agent),

(iii) to the mixture resulting from step (ii) there is added the cyclic carbonate, which can be
the same as or different from the cyclic carbonate contained in the mixture resulting
from step (ii), wherein the weight ratio of mixture resulting from step (ii) to added

20 cyclic carbonate is from 1:0.001 to 1:50, and the resulting mixture is reacted at a

temperature of from 60 to 160°C.
9.  Process according to claim 8, characterised in that no DMC catalyst is added in step (iii).

25 10. Process according to claim 1, characterised in that there is used as the chain-transfer agent a

polycarbonate which has been prepared by the process according to claim 1.

11.  Aliphatic polycarbonates obtainable by a process according to any one of claims 1 to 10.



