- 1 - Process for the preparation of polyether carbonate polyols The
present invention relates to a process ¥or the preparation of

pol yet her carbonate polyols by catalytic copolymerization of carbon

di oxi de (CO mnth aIkerne OXIdeS |n t he presence of one or 5nore

H- f unct i oREQcess naptionof pelvg pnatg polvels doubl e netal cyani de

( DMC) catalysts and in the presence of additives. The preparation of

pol yet her carbonate polyols by a catalytic addition reaction of

al kyl ene %% aessent dpysRiMeisiates (ig) acpison faniths pigparitipnt ¢ popreiste prskongie polyols by
absence Of:até'llytfldj&%lyﬁx@ﬁ&ah%ﬁ 8f Ee@ﬁon%%&@{&ﬁ? with taﬁ(&feﬁé §J)1des]19 tﬁéﬁﬁes@ﬁ'&rbf one or

investigated intensively for nore years (e.g. Inoue et al

Copol yirer Mg Hdwnctenabgartss pubsiapsep Héh élmlcE;félwhiemﬁwltqyal@ﬂfg@i\éﬁ)eqa&iﬂxstsend in the
Conpounds prellinge Malsimonl ekul are Chem e 130, 210-220, 1969). This
reaction e g. using an Hfunctional starter conmpound is shown in
diagram formin equation (1), wherein R represents an organic

radical, syc Breﬁaﬁ‘atﬁJnkdfl poly@lh&y J:a?tgo\ﬁbte %lyﬁfsydw a &ﬁa‘iﬁmoﬁcddmh %}ct‘fcﬁnofazlﬂaﬂ)ene oxides
contain hetero atons, such as, for “exanple, O,

wher ei n e (cRaidys) angarhep ﬁl@ee‘ﬁ in the pteﬁﬂne@gerrabseemofvbﬁémeﬁmak &ﬁe‘tepﬁltbata@qes (starters)
shown;her g, Qe tulﬂv%st&gie}f ‘?ﬁt%‘fveﬁ/afop Qrﬂ)% thal? QI'Oy}%Lirs @ geﬂﬂdﬁé £, (dol)ol&ﬁlerizatlon of

nmerely to be understood as meani ng that blocks wth the structidre

shown canChiyopPigxédesing Epexideovit Organemaal o Compivads; die Mokumeleswpigdihemie 130,

obt ai ned, >{yoql %9 qq{iée}g&ﬁon oy rﬁgﬁé aﬁ%h&ﬁ%ﬂtaggr JOHI% qughﬁwﬁnrgdltaé}gﬁn form

OH functi onal he starter can var 'S

pol yet her Ub%luﬁféma@b “f:h@l‘ebe TEPYOSRALS jap CBEPTEEt Iiﬂdiﬁal( $11)3h ﬂﬂ'hikgl ebalani on afybesach of

equation (hich da8 286 UoRGinCitkdrd adefilsy suchus aflyaptiAgeQyss, §i &@ea.r&f'{;vﬁerem ¢ and f

reaction represents the conversion of r eenhous€ gas, suc ,

into & poreprsent anrheteaey,cmdcwl@ea%dhﬁap@dl{cﬁ shovey herp |fer fhe polxethercsqzbonate polyol in

propyl enee(ﬁﬁﬁ&{)pﬂs%eéﬂpm 'ﬁhdf:‘l@(og&' L& n{e!n)m%ﬁ'laf BlBRA RS 1R JtllﬂEt{nQesrhown can in

product, actual gro duct. Start + +C2 RO StarterfO

0 01t+ O priggple befound in t 6P}SYQI113$G€FbVI@ZP pidyd pbtsiasd, thiethe sequerice.Dmmber and length

cat al yst sof Qi tidags Qﬁ)fﬂlamlfdn%%da@@ Sih L8N A85 vzﬂ?(;n@?srmmnmeﬁ”fé Hi-polyether

The DMC catal yst i1 s prepared i n an _aqueous mnedi um and therefore

cont ai ns &arbar§erdym uhpwpfinagndion (b repgliicn (she egugtign y(BY is eprogigpllirvery

is T eﬁpvegd\}gﬁ&\é@eoﬁé) sifite ﬁ@%ﬁoxﬁepf’e@eﬁ% tL@@dﬁv@rsﬁ% DP/ q gf@@rﬁlgﬁsg ggg shdh &RD,, into 2

teaching of U 4, rti renmoval of Wwater an

i ncrease P‘HYmﬁeThft?}iCW Wb@ﬁtet(fﬂ?e e’é%%tpéﬁ fpsR 5 §HpHQEY1@1€elaltb9natt¢)éhQWlh@ fpimyaula (1)

cat al yst wfmlee%gemeﬁﬂmk%uﬁaymp@uer 30 coordination conpounds,

such as alcohols, ethers, eSters i des, ketones, aldehydes,

am des and/or nitriles. If the DMC catalysts afe p epared in the
%w&

presence Qgf .t ggﬁg qunds, these arg s {9)n§
t he totalggtrl&w%f%s'E ggfalyst wng us 4 655\5i

di scl ose t hat such conpounds can be enployed as addltlvesRln the
copol yneri zati on of epoxides with carbon di oxide.

25 US 4,500,704 describes the use of DMC catalysts for the copolymerization of epoxides and carbon
dioxide. The DMC catalyst is prepared in an aqueous medium and therefore contains a large amount
of water. To activate the catalyst, the water is removed down to an amount of less than 5 wt.%.
According to the teaching of US 4,500,704, the partial removal of water and an increase in the
activity of the catalyst is possible by treating the catalyst with organic complexing agents or

30  coordination compounds, such as alcohols, ethers, esters, sulfides, ketones, aldehydes, amides and/or
nitriles. If the DMC catalysts are prepared in the presence of these compounds, these are said to make
up 5 - 30 wt.% of the total weight of the catalyst. However, US 4,500,704 does not disclose that such

compounds can be employed as additives in the copolymerization of epoxides with carbon dioxide.



- 2 - WD A 2004/087788 describes the preparation of polyether

carbonat e pol yols of narrow pol ydi spersliy using DMC catal ysts, which

is achieved by adding a sterically hindered chain transfer reagent

whi ch is capable of protonating the grow ng polyner chain. Sterically

hi nder ed MiAn 20pHBIF788 devaxipent the V\miepmat'mmeofrmml)iethneobamowte stadyalc alf| yarrow
hi nder ed ut o tituted te hi )

but anol s) golg rsﬁp( (.19111? Dl\’{] attal)p SLy %O s a,chl% e%% P%a ﬁtlerﬁc I&B%rﬁde (r:]hgrnstransfer
(e.qg. di-tegdnt hfbtcylismambdﬂ ofcprotcnatmgthe gntowdlgdxolyh&r th-abuﬁgehq:ﬂﬂg Ihﬂidsr):d chain transfer
E;ﬁ;lofgl la}éelagelngsgﬁ;l\e}g I]E\F;I(léesnx?neg%gé ét%ﬁcfea%yﬁmb ulied aggﬂogso Lrtcbaltan?él or sugs%rtuetled tert-
substif ut buiard:ls-),t earnarbualgphhanzloolmlsacstd&ﬁly ‘ﬁl‘nele::eti epshencah I(‘¢ ghidihetrledylphenol or
chain tran agent ti

Gurng. ¢ nararh SPRS R BRI SRRy Rt o Bl nlyf PP iy Rincered
excess r ebatzbie emﬂdemﬁhavdﬁlmg Gh—teil—lyﬂjtibenlzmc adi@ obsuhstjphted dl—t&'t—hmp]bemzﬁ)lc amds) The
tert-butano in t atal

whi ch a r SprgtD i Bndl R SRS o5, SO RIRHG o il R o pr SRR e
centres i polgnerizatbdre podfeBEbiiz mait aéaﬁs'a liosforotoldt sxdesss ethtivd e theaDYE® catalyst In

anount . of sterl i nde i r ansf rea

Fo the? anBEs & o Bt Ehiol iR Ty 8o HRIGRlo EfTG 1AL 16 whion
t her ef or eatdue (Iﬁlaﬂchﬁ‘te/cﬂfalytsihﬁ" p6 eeselrst Thewentetr ofZit cbnpénulodenqalemfme@ 8atalyst is
for the prep carho

t avour aby BUSBH Rl d Finf o ankSif B s FRoE R nSed ol Snal et A0ds el o the
pol yet heramaxnboftae BM(amhlyst ishlisadanegd i e a short activation tine.
Surprisingly, it has been found that the above-nentioned object is

achi eved by a process for the 20 preparation of polyether carbonate

pol yols f ftomasotherefore rharajdd bl ﬂietlirehﬂﬂitl insdéngiok ed pevhstamoess fanike @repmnm of
al kyl ene 9 | on dj C

and”i n e nEOHEE AR halrsh S i bty PSR Crdrudud i ptbohoe o
that (a) tilear pblfdtine tarborate) aida the sarsaiihsd asioe aodvadomtizgg. ur e of at | east

two H-functional starter substances is 25 initially introduced into
the reaction vessel and, where appropriate, water and/or other

readily vSﬁz@nhhgy,cloh;mobaaﬁla‘oﬂtiehatelmylﬁde-hyznmne&abjed it acherdtbyracpracedd fur the

d " th tal yst bhej d t h
el ohgr iR b S nedd Sy S Riokt t bos - fEdGrl fibHces, one or
H- f unct i omate Sltydamt exideudnd cahaediotied mnk: weseadetofn DINNE catilyst agd in304 fpseharof at
th t t d t he total t of th

e acti Vﬁﬁﬁltgg 1tp &’I %rgé{er&%fna@% on e total anmpunt o e

anount of d in the activation and
copol yneri zati on) of one or nore al kyl ene oxi des |s added to the

of " par t Gt Rt A Ebicai” 8 ETTBRAT Ry ot iR U PRL BT e s

t he peEsenceinditfallC@@rodaded ihthehed eagpien aztasseleanﬁ,eakeré albp@éprﬁmpﬁzat):r i e fother readily

occurs due to.the subsequent exo en c cti nd/ or -
Grop. i br es e PRMBRARLSR sorte B BF e, RERe B PG bR S Bl Frvine
and it al so theDMC pasigstbtiag ddied st thpH(fOctibm! berteatlistaget @i iSiewes @lat least two
times for th nor e al kyl ene oxi des and

carbon di oxi geﬁ%cﬁlgnaﬁé aﬁ?@ﬂ“&%‘ﬁ? bﬁ{% g ﬁer tﬁ‘i $¥Pke mixture resulting

fromstep ($) ("copolynerization"), it bei ng possible for the

al kyl ene i des, enpl edfo t he I ization tq be identical to .

o U B0 B, R R 0 b RS TR s PR gt gt i leni Sxides
wherein the adpibfzeid\lﬁthé)activ&tlﬁﬁhiﬂdopd‘llyxﬁérﬁmlc(naﬁ)fdn@ ot hereHiylene bidesas added to the
starter substance or.th functi onal startﬁ(ylene

S
subst ances,  BRUFERAPIYE eParce (BF icheindmorsias tr JHne i groof ot o s
additive A) bﬁdcaﬁtdﬁdanyno bt eqrié¢d Ay irt the pfa:eenpaﬁft C(Bgrf@lw’l‘he Qtfnp@x@ﬁlrd)lﬁeala’()\hﬁt spot")

al kyl ene oxides. to resultln mste }(1,91% Owherein .
the’ addi t | ve REh e el i ﬁ%q%%hﬁ@dw e rbewRe ?1’@? fp 1o pressure in
35 the reactor then in each case being awaited, and it also being possible for step (B) to be carried

out several times for the activation,



(R1)9 OH wherein 30g =0, 1, 2, preferably 1 or 2, and R represents

an am no, brono, chloro, cyano, fluor,-30do, nethoxy, nethyl or nitro

group, preferably a nitro group. - 4 - Preferably, the substituent

or substituents Ri are arranged in the ortho position relative to the
hydr oxyl g@noupe oPabte ﬂlajlafel xiqes @b cabbyy diokide asd metezdl doytinvowslyh intdl eleedixture
henol s are 4- p and/ or itro I bl e

DG i veo &) bR g es AR er A e AR RR IR (R AU ROF Fifg cmeloyed
(111a) and pydroeadopalmtizatiaCiornd idegtidabtofop difftkadt {rdnl the)alky(chd bkifies entpeyed i the
10g has the above menti oned nmeaning and Kt represents an acetani do,

am no, bromo® WMyl , iso-butyl, tert-butyl, chloro, cyano, ethoxy,

et hyl,5fluor, iodo, nethoxy, nethyl nitro, iso- propyl n- propyl

group. Pre erab# t he ro, 4echo areéﬁ ert- F rocat ec
Tapossi bl S by wiekaySE B8 S5 (Per drabiyeton ot al¥abed: Hedgre ofa
formul a ( Nayt rendl- mh@i@ﬁilhiaﬂﬁﬂ sBstana&C Qtidhaly Yetord @ affat e Aiyidg) and/or B¢ aditive A)
wherein g.a 9(}. Q ve t he above-nenti oned Fniqg anq1 : .
18 a ed 1n s ep to the part amount of one or more aH§ ene oxides to the mixture resulting from
step (o), and
10 wherein the additive A) is at least one compound chosen from the group consisting of sterically non-
hindered phenols, catechols, pyrocatechols, thiazines, phenothiazines, thiazoles, benzothiazoles,

oxazines, phenoxazines, 2,2,6,6-tetramethylpiperidine 1-oxyl and nitrostyrenes.

In the activation step, a part amount of alkylene oxide compound, optionally in the presence of CO,,
15 is added to the DMC catalyst, a temperature peak ("hot spot") and/or a drop in pressure in the reactor
being observed due to a subsequent exothermic chemical reaction. In the activation step of the
process according to the invention, the part amount of alkylene oxide compound can also contain one
or more additives A), and the DMC catalyst can be mixed with one or more additives A) and
optionally with one or more metal salts. The process step of activation is the time span from the
20 addition of the part amount of alkylene oxide compound, optionally in the presence of CO,, to the
DMC catalyst up to the hot spot. In general, a step for drying the DMC catalyst, optionally one or
more of the additives A) and optionally one or more metal salts and optionally the starter by elevated
temperature and/or reduced pressure can precede the activation step, this step of drying not being part
of the activation step in the context of the present invention.
25
Possible additives A) are, preferably, sterically non-hindered phenols (A-1) according to formula (II)

(R

OH (I
wherein
30 g=0,1,2, preferably 1 or 2, and
R’ represents an amino, bromo, chloro, cyano, fluoro, iodo, methoxy, methyl or nitro group,

preferably a nitro group.



- 5 - Rk represents an Hor a C - C20-al kyl group, preferably H or a
met hyl , ethyl, iso-propyl, n-propyl, ndutyl, iso-butyl, tert-butyl,
hexyl , cycl ohexyl group. Possi bl e additives A are al so,
preferably, thiazoles according to fornula (Va) and benzot hi azol es
5accor di ngrdf@atﬂ;artrru Isﬁbs(iMbl)t or substituen{sVR) ar¢ Rire@ged iRl the ortho (pukifion witeiveito the

g has the lone ani.n 3 resents an

C20- al kyl g(‘%“B %‘3%‘8 p??é?ﬂw H%f%g?auyl "bfdei?lehelhOlspf“é?p% flinitrophenol
n-butyl, wsider 200diyitroplenslt - but yl | hexyl cycl ohexyl group), acetam do,

am no, br ono, chloro, cyano, et hoxy, et hyl, fluoro, hydroxyl, iodo,

met hoxy, nitro group. It is furthernore possible for the thiazole
and/ or5 t heohdnzakihives a) arcfdlagpRitidbly catbubholsiddkeding @ PAGulallaneid pyrécatechols

di sul fide bridges ble additives A) are also, preferably,
oxazi nes ATy t?\B)"PBIPR@ﬁJhUI a (Vla) and phenoxazi nes according to

formula (Mb) 0 1(R)g N (R)q
OH
OH (1lTa)
(R),
l [ OH
OH (IIb)
wherein

10 ghas the above-mentioned meaning and
RI represents an acetamido, amino, bromo, n-butyl, iso-butyl, tert-butyl, chloro, cyano, ethoxy, ethyl,
fluoro, iodo, methoxy, methyl, nitro, iso-propyl, n-propyl group.

Preferably, the pyrocatechols are 4-tert-butyl-pyrocatechol.

15  Possible additives A) are also, preferably, thiazines according to formula (IVa} and phenothiazines

S .
[N?/ (R),

(R, (Ri),

3

g and R} have the above-mentioned meaning, and

according to formula (TVh)

(IVa)

(IVb)

20 wherein



Rk(Vla) (RO9(RI)9 N Rk wherein 20 g, Rk and Whave the

above- nenti oned nmeani ng, and wherein i the case of the 1, 4-oxazines
according to the fornula (Vla), these can al so be the correspondi ng

1, 2- oxazi nes and/or 1, 3-oxazines, and the derivatives of 1,4-oxazine
(fornmul a RVrepyeperdy @ Bhped 6r + €dralkyl gréup, p@targbiy Kiongmethyl, ethiiaso-propyl, n-propyl, n-

furtherno I . selectivity (i.e. lowratio

of cycli cﬁggf;gg%g{)’gw{}gb*{la%% ’%%}loég{@gllrog%ar bonate), a short

activation tinme and at the sane tine a high content of incorporated

CO, is achj d, i resylti I her r honat |l voly by .a .
process f g!r)&ﬁeeaddgw%)ér] gb glr%a"#élob Hr%%f&%'d?@gezto & rag%éc?%%ﬁ’aﬁgﬁb%wgl 5 4 fbre %Zr%thlamles
one or5 noreotdifginéirmoladvbst art er subst ances, one or nore al kyl ene

oxi des and carbon di oxide in the presenge 0&{1? DMC catal yst and in

t he presence of at |east one additivg Ap-dndiosn the presence of at

| east one netal salt B), characterizg' that (a) the H-functional
starter substance or a mixture of at I®ast two H-functional starter (Va)
substances is 10 initially introduced into the reaction vessel and,
where appropriate, water and/or (Ru)her i vol atil e conpounds are
renoved by el evat ed tenperature andr§f ugéd__grr\ﬁssure ("drying"),

the DMC catal yst being added to the H clidnal starter substance or
the mixture of at |east two 11-functiOWal sParter substances before (Vb)
or after tge drying, 15(j3) for the activation, a part anmount (based

on the tot"a™&nount of the anount of allcyl ene oxides enployed in the
act i vat i og hadtle stpeohi¢hiined akirip) aif one or nore al kyl ene oxides is

added. to the m xture resylting fromste a), it _being possible for
This M Ef&?fe%ffﬂ%ng‘aﬁ " Gl ergee U eégfﬁré%@?e@xlr ﬁ@ylo‘ﬁ?%f?ﬁéll’ Pyropy r&utyl, iso-
carri )ed mﬁ!ﬂﬁt%]i, mrﬁrmylpnéaasleag@olﬁiylcge%lp),aaae{arhfae, inaﬁaezﬂ@ﬁd;rcﬁloaga#an(ﬂ' QRdxy, cthyl,
spot " ch occurs dug to.the subsequent exotherm c, m cal .

Bact] on BHAPOBC S G50 HEBPES SRS PP J0b O EEATE Pt th \bigeate eagl the
bei ng awabérecthiagdlél frhgmentsa6 bOBIKRE tP@SShdhe viaQkisufideprifged) to be carried
out several tines for the activation, (7) one or nore al kyl ene oxi des
and carbon dioxide are added to the m xture resulting fromstep (3)

(" copod ynesdsibid adanives Ad kreldo) @refossy, Hixerided lacdidn@ ik foheme (k) A8S phenoxazines
enpl oyed for the ?SCO%?Z@{)SEH zation to be identical to or different
fromthe AFRYHIE{R IRy nmpl oyed in the activation, wherein the
additive A) is added in step (a) to't H functional starter

substance or the m xture of at |eastft H functional starter
substances, optionally before or aftler t (Rl)@i ng, and/or the

additive A) 30is added in step ([3) he part anount of one or nore
all cyl ene oxides to the mxture resul tging from

(VIa)
(RY), (R,

Ses

20 g, R"and R’ have the above-mentioned meaning, and

(VIb)

wherein

wherein in the case of the 1,4-oxazines according to the formula (VIa), these can also be the
corresponding 1,2-oxazines and/or 1,3-oxazines, and the derivatives of 1,4-oxazine (formula (VIa))

are preferred.

25  Possible additives A) are also nitrostyrenes, such as, for example, ornitrostyrene or S-nitrostyrene,

particularly preferably trans-G-nitrostyrene,



step (a), wherein the nmetal salt B) is added in step (a) to the
H-functional starter substance or the mixture of at |least two

H functional starter substances before or after the drying
(optionally together with the additive A), 35wherein at |east one
conpound chosen fromthe group consisting of sterically non-hindered

phenol s, S, ggg , | AZl n iazi-ne . :
t hi azol es:g g%z@%’hﬁt gg%?“esl, ggg%%gﬁ@e@%ta%g%ﬁ%r?@?6%1%%}1 ?%él'el-s]%&ﬁuoa%fdcycm
ni t r ost yr embenaiedo dingr pylyethersatbheate)dal stortweetivajiomtimle and/at thvhemeitimeat high content
| east one n sen f.r . [QL nsi st i f al kaline earth
roral hat PIoSpSdRa O RLERT i ofe AR S PRt elro it 1 e
eart h fret atepzatidnodpbbtibsr daguodie palyolf Gomemanphere Hrigingsialistargc etbatarges, one or
cal cium a t Sj ear at.e al ci um st earat e r_alum nium

car boxy! af St e RARER LY BbERLRE m FESINE FatAE Ly Vool BeldfRe ora
as t he neteadt osakdditBE A)Bandinkld preseneait bteayedrgingtal salt B)ecloowntedxdd imfhat he
invention are the elenments of group 2 of the periodic table of the

el enents and include the elenents beryllium (Be), magnesium (M),

cal ci um ( ¢a) thedt-fupptianahst{rSr Jybstherei cumn{iBaje caticasa i aHfidapnal HBitalsildemces is
are t ani ons,. of .the el.e s_ of.aroup, 17 of the periodic table.of .
the elBmmnt o eV RGeS PRSPl BB P hert AaBFRl S Wt Suk rendiy
i odi de and astlafile cempdiadbaxyrtradved byreldavhed caeatitre ofid/drhieduckd pesduteofidrying"),
are anions o rhoxyl i.¢c _aci i C ontain at |l.east o car boxyl at
oroup. 55 ThieIiE SR RE pdBa KRR GRR0R Rafts GRS S BRRIEH e
gr oup accor dHnfgndtionf] erarred sabstavbds)befere C@HEMhd gryR@wherein Rl represents

H Cl to C30-al kyl (such as, for exanple, CH3, CH3-012, CH3-CH2-CH),
CE13- (CH2)3, CH3-(CH2)4, CH3-(CH2)5, CH3-(Cl-1,)6, Cl113-(C112)7,

CH3- (CH2) 83) €iri3he £H2Itib4, Chigt (D) IGsaineh the and heduitsdnier anduhesedfylene Gides
to C30-al karyl (such.,as,..for exanpl,e. benzyl) or C6 t 0-aryl. u

hs, Tor exangrRbR il e e8in SRSl BAM ol o or (o1 Poleid g is AEELD e
simlarly bemingatresnbing dromastdpay, littieds, posildd fashis hdiitieaxdrqlas amount of alkylene

acryl ate, nethacryl un rated fatt id lts, such as,, "
o eate (salt BRe oiaFu EBE pRERIRIEbies Bt br 0 BBl Bor LR ot spor)
| i nol at e ( salhichfocdurndlegd cheambatfyennbrattierilc cherfikl-rédcH?) dnd@irka@rbpCGZressure in

CH= CH2) 7,, .and, | i.nol.enat e alt of. l.inal.eni c_acid) ., er = .
G- b ool oo R oh Bt Bk s B9 f et B e o e cores
al so be het epgae@rtiines fos thelactaatiof, or exanpl e, in the case of

ni coti noate. The carboxyl ates can al so contain, for exanple, two

car boxyl ate groups according to forrmula (VII1) 3500C R2-000- - 8 -

wher ei n R r epr @sem¢ skglersi axglegamsioncbof idivxidh ereciddel to theoniatuet regultinglfrotrostep (8)

30, e Sy Souid 8L, BB ol (0 Bt By (FRLR o
fumaraie)), GpolymeG3Bioalthdryibentisalcth @sdifféront oxand elkylmnazyillds onpl€@dtio the
C30- ar vyl (sugcrt\ivgt%n’ for exanple, phenyl or naphthyl). 5

wherein the additive A) is added in step () to the H-functional starter substance or the mixture of at
least two H-functional starter substances, optionally before or after the drying, and/or the additive A)
30  is added in step () to the part amount of one or more alkylene oxides to the mixture resulting from
step (o),
wherein the metal salt B) is added in step () to the H-functional starter substance or the mixture of at
least two H-functional starter substances before or after the drying (optionally together with the
additive A),
35  wherein at least one compound chosen from the group consisting of sterically non-hindered phenols,
catechols, pyrocatechols, thiazines, phenothiazines, thiazoles, benzothiazoles, 2,2,6,6-

tetramethylpiperidine 1-oxyl and nitrostyrenes is employed as the additive A) and



The carboxyl ates can noreover also be substituted by hetero atons

(such as, for exanple, hal ogens, such &5-fluorine, chlorine, bromne,

i odi ne) and/or by one or nore functional groups, such as hydroxyl

(-OH), amine (primary am no group -NH2, secondary am no group -NH or
tertiary ahemo tgrlcngpond\porrmouttd']clmben( frcShI)the E)oampd)rsisting‘ ofSaikdline earth metal halides

car boxyl a r h I h

gl ycol | at S?j?hs%f ﬁ)rtgt{a?ngﬁ%g%l? |lclmaC|°§%X)y? ate I%et? ﬂtoxtd%[g 5%1&5316%5 ?xample’
tartrate @egicsivof ataatb,arcalclua:c|ade)tate,satagmqsiuat e;te(ataad tcad]ﬁumatteargtb)r ©r aluminium
Sg.: ?)S o]l‘:u;_%rg% lﬁtge)é?sqlgb g fo cxangprfeagﬁlar%mn& gtg%rlgtn} is emgl(g)l : rag thsel“rltflzert]al%eﬁt]g

glutankc acid, glycine, h| stidine, isol eucr ne | euci ne, |ysine,

et hi onin henvi al seri goni ne rypt ophan, ..

Cyr osi ne. SAREr el P BB e SR e LSRR B bl BECS PRrocic woie
aci ds wit bf the Ehm@hts gncbmplpdfsthe hlea}sl,‘tts baylliemaBp), eagicioms@Ig) scakim (Fa), strontium
2- mer capt %erm%] K dlunl%g I es of carboxylates with two

functi ona roup s a "R ts of cysteine (containing an an no
group and a thi oI gr oup) Pr ef er abl y, sterically non-hi nder ed phenol S
(such.as, ex | e i n Q

enpl oygd Elfé‘f)‘teﬁ areatgp?rtl?lysé) fﬂ)eee Ouﬁgéegatrhteﬁe dtcli tlaf’ oxyIma
(such as, tHecamoﬁsOﬂte)xiaemhbnde}h@m&r wdtdaeed atagine.cal ci um acet ate,
magnesi um st earate, cal cium stearate) or al um nium carboxyl ates (such
as, for exanple, alumnium stearate) are enployed as the netal salt

B) . Parti Caibaxylatesin éfeeoaibityf thd; idvaiion 4re eptesrudkarboyiioscids-whidh @plagreoleast one
is enpl oygadrbc%{s }ehe addl tive A) and cal cium stearate and/or al um nium
stearate I's € d%/% as the nmetal salt B). 25The anpunt stated for
the ad#itives A) and optr onaI I y the netal salts B) enployed is based
on the ra a

Fespect | el RLe R AR IR Bl e b PR e g fdormuta cvin
parti cul ar substance armunts enpl oyed) with respect to the substance
anount of cobalt enployed originating fromthe DMC catal yst (stated
as [mol of additive A] / [rmmol oR-@GdDP) or [nrnol of metal salt BYI)
[mMol of Co]). 30 In general, the additives A) can be enployed in a
total amount of from0.2 to 10.0 [mol of additive A)] / [mol of

Co]. Bvef erbabilnyi réethesentsl i, Ci 1w0eS-Alkylamehesgboskedplie CH;, Cll-&1H, 2000 H,-OH,, CH;-

Hg;n e(r)agl y |2ﬁr‘ EH% g& I)q’amigetq )%jl rom)i/c}&ﬁr% gélf%z)s’o(?ﬁh@i‘f’\/e %SC]HZ)”

/[ nmol Oﬁntﬂn]anch% isom®rs therd®f), th t4 . (Qo-dlkaryll (sath aypfoalexsaild, tB)Ayl) or] Cyuin alse-aryl
of Co], particularl er.abl a total amount of from1l.2 to 3.0

[ mol  of e aEIS %0 a"@%}‘gl}en lorn%{phlﬂtyl) Step (a): 5For the

preparation of poI yet her carbonate poI on S by catalytic additi on of

al | cylLene..oxi d se}(1 ox] des carb o] nto H-fu ctron
Startd SO ARRAARC Y Sl o Rl RSP, e S AR B s
accor di ngmethadrietei andemamatecafmtycaprth salmalshqh Bdeatr (satoooleid dkid), wﬂﬁreél) CH;-

and optio f al.t.s B ;fun

starter s@s"b%%lgeC%?EH%h O:ija?eeqsgﬁ ftﬁ Oel‘amtac%d\?\b EEF :!%ct_ i na&@bré?’t‘é‘FH'CHf
subst anceSHFEHHTH:); adnkd inblatato@aic eflirolvhic dcidy whead 'i-otHyEHs €H=GHACH,-CH=CH-
wher e app -ate, er and/or 10 other readily volatile conpounds
are remvgglg'bﬁbse{ d%%arri ed out, for exanple, by stripping by nmeans

of ni 8®ogen (optionally under reduced pressure) or by distillation in
vacuo at fenne u rom 50 t0.200.C, refer

bar i1 cul alt EPRrEIEEMsq e Rl 2ot ary B SRR b a St

starter substance or m xture of starter substances is call ed drying

[ he f i f [ if | hi
oot al yst - SHeCAa s bl s oL S Bmp et PG Ry shor S ndple (VI

netal salts B) can be already initially introduced into the reaction

{‘té émd include

35 "00C-R%-CO0" (VIID)



activation and copol yneri zation) of one or nore al kyl ene oxides is
added to the m xture - 10 - resulting-§+romthe preceding activation
step, it being possible for this addition of the part anpunt of

al kyl ene oxi de optl onally to be carried out in the presence of CQ2,

but pr ef emhbiein R® meprdssentab&egie dorgff (irGR¢asanitbxtlate), Gk pEiratkylese (seraﬂ@s,(fbh@iample
spot"”) wh C e th che

reaction g‘ri]fg’/ glﬁ ghg"rgﬂ? ?Ch @&!@?’ ﬁﬁ%ﬁﬁe (gggbtg‘?ﬂ en(hl nrﬂee(z:aEl oéanéaéeate or
bei ng Sawdinazale)), (@yS@ﬁ;oeqﬂtarylr(aich yis, forrexampllj etlzyd)cdn Qyatd iCaparglt (@yrhas, for example,
further aCEIVf;ItIO htl ps, after the tenperature peak reached in the
precedi ng PAEY VA (5r¥ Step, step (32) is repeated zero to five tines,
preferably once to four t| nmes, particularly preferably exactly once

t hi s addi amunt . or tlon of. t he

arount's of "arrgrEhS sBreBBY A peprUEEDEy Mie Pl R 4t dorst ety Hatosens
and the tempersaﬁumae peddeing, bmbtnn&pﬁttdnje) whd/ehbp oaelos nthie ﬁhrmtubdae groups, suoh as

the react BIFRbAOHY €l CRAED HRFAG RN Pedepdlly “BER el iT ot g amino
further agtoup! aNj anthil e-ISH())rE)a‘ampIehef sihtearbatyloes st dpssaltadt pdrdxhanrboxylic acids,

terrpe ture a o th recedin ativ ion ste

(555 18" SnaF Bfveoitue SRS etk 6, BHRERGIE 56 D) 1P E LR bf FRe cio
parti cul asdliyylpireQiaﬂrcﬂth}CyE«aﬁd)l yurﬂﬁf:e;anfpms &reaﬂdisdltb ©N a@ino tabiés, Radht as the salts of
anount or these additions .of the part rmunt al k ne qxi de bei,ng.
o o Es e SRR oS BB TR 9oy LS el
("hot spoteginsyysite, lﬁethidhﬁe q:lhalyﬂadnniﬂaeprsmtw&ﬁuemmre@m firgnaophen, @‘raﬁﬁmﬂ valine,
bei ng v Fa° esgoie e ol S kPl Cg i R arepyen. £ Stls e sats
di ssol¥edof B-ntelvaptppopiotid lasid. mmipleamﬁunbquiat@nﬁﬂoﬂwamn@oadl lgénbe e the salts of
oxi des whi c ed i.n steps (34) and to be added to the
process. peéneéfoé]fr%}l?%ﬂ] aé’?fﬂ%%ﬁoﬁrg?ﬂd,(a?f%hlegrﬂg’r)tl cul ar part anount of one

or nore aIIcerne oxi des which is 25 enployed in the activation in
steps 131t S. 2 0t erahbly 2.5 t

o U1 cul aPIgP s UReAT) neRa TR S Rk o der s 4 Stihelihofiber 24
of the anﬁinhtopbefnohhrb eytpkiyed @Mllﬁ&ﬂdlﬁﬁﬂ)hﬂ)yﬁjalkﬂmbfbertlaﬁietavaztrb@djrlaaﬂ({such as, for
copol %(gerl zat The %Fri rf(g of one or nore al ne oxid fj q

opt i onal | f‘anP’ er AP BL IO K AR 28 %%%rr‘??ggif"ﬁ’ﬁfteﬁrﬁ?e?a ciugp SRy A g nivm
of a star ba&bo;@hbﬁt(@ﬁﬁheas)rfot hmmﬁlegtajm&nmﬁn sewafelares eaplogdd sybl&at areesalt B).

andthea t|o of . t nd/or_of the addi

opt i onal | Lt QY ediliandor s MaherohE Folid o P 2o flie yan
case of t bhacibVSecaatcahy/st alumintubesidaeitdts ehplayQius fensdtainglt Bef ore or after
the drying of the starter substance. If the DMC catal yst and/or the
additive A) and optionally the nmetal salt B) is added after the

dryi ngs of Thhematnasthed faubs hdlitbes Ad bﬁc’soﬂw&ltyahawgﬂ sdit8 @) @mplofp@l RBhgk on the

anal ogbus i oL BBy g et AR bER atboBREED: Firmo ol BEG Rpven o ve

or nore aklgybethe p@mnﬂassuandmefambﬁtes eaplbyd) dithxésgect cathe lsﬁbsmﬁd:qumhmfafbbalt

carried out Jin vario S start of the neter.i an ke pl

rom a vegtRladrotaare 1o PO Py Sred & b addiieR FRgol oS o
pr epr essulemolof pead altad)l/ymast &llo)shed by passing in an inert gas,

such , for exanple, nitrogen, the pressure (absolute) being

est abfished at between 10 nbar to 10 bar, preferably 100 nbar to 8

bar and phﬁﬁ@feﬂahlt}{e 20Qtivdsas) ¢ @ aagloyelinna P& aineuhtast ﬁ‘oﬂi)foej & 1’0 [mmol of
enbodi nent ] re starter co d the

ooyt b roll iy Chy BtV TR 82 ST A R SRR3R B Gl ofprom 0.5

from 100Ctd €0 fdBolGf additive AV [amcleaf Qo qfaﬂi’cﬁlbﬂypﬁeﬂf@@ finl anfBi8l, anubiofFrom 1.2 to
bar to 10 l.ute art| rly preferably 3 bar to 6 bar
(absol ut e?'fa?ﬁf“(og?fsalgﬂ‘é‘m }‘Bé ngl%l(?gen or a noble gas, such as, for
35
In general, the metal salts B) can each be employed in a total amount of from 0.0 to 10.0 [mmol of

metal salt B)] / [mmol of Co]. Preferably, the metal salts B) are employed in a total amount of from



30 dioxide to react an excess of carbon dioxide is advantageous. The
anount of carbon dioxide can be determhed via the overall pressure
under the particular reaction conditions. The range of from1l to 120
bar, preferably 50 to 110 bar, particularly preferably from70 to 100
bar has pDLSvted ot [nmhﬂa oﬁﬁlwtahiaagE])UBmﬂﬁ of e), pueicahily pefesdlyrie atatblsmlouhte)f from
for the c r|z 4.on f h reparation of the polyether
carbonate?gg?ég? Iﬁ%§sqﬂ?ﬁﬁgwﬁgﬂggﬁgen found for the process
according to the |nvent|on 35 that the copolynerization for the
preparatigF g%_the pol yet her carbonate polyols is advantageously
carried o ¥ 50 to 150 C, preferably at 60 to 145 C, particularly

pr ef er abl Yorxhe ﬁl@pzirﬂloﬁéﬂp@yeﬁ]mﬂ cMBdSrgategﬁI)k)lsG)lylcaﬂalyyc pddafonrod blkylerdt ox kit (eboxides)

120 C. If t ur. 50.C are, establi d, the .- 12 -
Foacti on BEERESTGPNEE cRds HTRRicT et PSR Ghtisr iy o preserce of the DMC
undesi r abtgaliys apt@dimg &(Sthb neeginasd gitaillyone lof mose a‘duﬂtlbéseﬂ&)mnﬂ epticdalheof one or

ensured that under t hai ce of pressure and tenperat es..
from the. Bt BREr RS A B8 U-BRc Sl i G BIG R € REC T oG B . Mnetonal
supercri t staddr shlbsﬂiaibﬁ iSinfialy iﬂrt]i@ﬂvl&:\t@i‘n.to Maﬂ&iﬁl \&ksﬁbanbﬁwlﬁﬂﬂg}q@rdpﬁatbhﬁater and/or
react or as.a SO nd can then pass intq .the u nd/ or .
Cooor 01 2Bl ~aboyfi Fa iR emeello it Roprtch bt B feia dystriping by
Parti cul aﬁie;hsmfaftmgéred)pﬁ@ﬁny Qfider edd@cedtprddeuré)@R oY @istill&ioh i esbud ankmpdistures of

<t rea t AR 5180 BE0 nE' BT 207 t) TN G Rty (Bl Bel Do LD I o

t he react pfetrpm&&tof thie @ﬁaﬂérﬂ;&bstﬁl@@bﬂ Higtusdidtis@eteiSsuBiAgicey is eaneﬂ dRtheShl FHed6IRBving
in a punp?d C|E§ulat|on depending 10 on the enbodi nent and node of
oper at i on ' EGPUIEFEEy reasons, the content of free epoxide in the
reacti®n m xture of the sti rred tank shoul d not exceed 15 wt. % (see,

for exanp WO- A 200 108 . line 14

sem - bat ch‘ [hisconisty 81 %&%@r%tafﬁbg@r%‘&?&“?%adrdéﬁ%%ég aB(EPRP"BTIB’e‘?“et%é“Oé‘?wﬁmtal
of the readtfsi BNcanabd alireﬂdj( hmuﬂ@nmtramuds iR Qe eHabion Ve en e Hpadioed! starter

is renoved . conti nyousl ntio is therefore to be id in .
bar {1 oul arueane o dibbishre f of B bet Hnstion St g REH Ssaisngssible for one
adj ust ed sueahre mttwbsnA$ phd ©ptidnakh ehei d@hbxﬁﬂlyidn@d agtdl et Bh té be adddhethe DMC

eed P 1 FEsEr SR GreoRubsee e aBUEIy phnp ol el o ftgiaict or the

dﬁpendeOﬁlﬂM’tetoh grfufidtieng ﬂ@)‘thldﬁbdtﬁlcé‘somﬁdm’m]&ﬂl d’a&ﬂ))isdJl:am k&mﬂﬁt@glll &i&(éol\ibi’lﬁaﬁh @f as a
the product is. optio to, contai p CO2-free ocks. The
arount of SRFHE i O (SR R SEDYTE i SESTLY ChAtiEh A §oisaoon, this is
vari ed duptefgatisheldedishfire arvimgfof tHRaI-amodndicstartet subSa@e@pi bl e gradual |y

to increase or to lower or to 20l eave constant the CO2 pressure

during the addition of the epoxide. A further possible enbodinment in
the sesrredpi(@mnk for the copol yrreri zation (step y) is characterized

in that opne._.or ngh H-fun L onal rter c dﬁ are netered

cont i nuouSTHFTkY etaﬁté"ap% Efrcaﬁl?fipﬁt ytaH’éOCF “ where the additive
A%] enpl oyesl) andﬁﬁsmtlmbﬁlstep aﬁtst Ean Afdunogadel ¥n ﬁﬁﬁbt@l%’a&daugt&ﬁ tltwmfoeﬁk df@lkylene
the 25 proces th the starter or. are already init

it roduced. CORATCTRIS Rt St uHBACHR SRR o FB° 6 APE I pgorides s
reaction. Thededaws e @fxnire fresaking aRal sts% &t &rbeﬁ%rm@me&om“ciudam of the part
et er cont | nuous Into the rea tor during the reactio

pr ef eg(gbl y aﬁmw@ég% %e@oﬂﬁc{%ﬂpmﬁ Yt 0% capisciont th the PS?SeBFee?fe¢(§ZbP‘§} prRierjy in
95 equi val enthenBiced sfT@AM mamﬂ@@&@@lp&a (tHaesgolt alhicBreind dfto the subsequent
H functional starter co ounds ont nuous addition of starter; CACS
process). HofkRRrmIc;Ghemicalfg C“gle) SSUPY 1 BressH i e sacirth ingfach case being
portions. Itagardal so already be i n| tially introduced conpletely into
the reaction vessel at the start of the reaction. The activated

catal yst/starter m xture can be (further) copolynerized wi th epoxide

35  (B2)in a second activation step after the temperature peak reached in the preceding activation step, a
second part amount (based on the total amount of the amount of alkylene oxides employed in the

activation and copolymerization) of one or more alkylene oxides is added to the mixture



10 | oop reactor, which can al so be operated continuously, or a |oop

of tube reactors. The use of a | oop redétor is of advantage in
particul ar because back-m xing can be realized here, so that the
epoxi de concentration should be low. In order to realize conplete

conver si on, zestltibefréthdwalirécedinpectivatian stept iebeingysisablk o tidoadigton@étine part amount
15The pol yet 0 n Geor h ny

have a funct ?g %u(?@lﬁé)%ﬁ?é t%glﬁp{ Ski patn?eedf (gl(r#a v prese?cr%o% %u%pre%raﬁaiy in the
particularly alpnemeeofa(b(Dy ahd dm ttmpcraiﬁreapwdk W&oy s;;@a‘b tvrhiahl eoclny doe ed dreadnbyequent
[rom 2 Lo s BLAEHLRr Ikl BESLE LAY A% £460:R0R LBl veng
al kyl ehe oxi desitedaving 2 - 24 carbon atons can be enpl oyed for t he
process according to the invention. The al kyl ene oxi des having 2 - 24
carbon atons are, for exanple, one or nore conpounds chosen fromthe
group cong#33topngnatiy, i(atd’ljﬂilérm:timtlodaieppwraﬁnyh@mtl‘ambtdetepsl -dftat ehaaeapdradere peak

]2_ ﬁeﬁ?éﬁgeogﬁﬁe%d élg gle Brec%(c{mr?edcﬁvaq t%g,esh@ { Z%zgj s x%peff)eg%%rg ‘gﬁgé Inag) preferably once
3- et hyl - 1, Ztmfmenmes))gademaﬂy Ipmf@atéy @xacdye oné, 3}1heddﬂn'tm afxthel@art 3mdunt o2 Shese
hexenth O%' Sl S e 53R BB R S e RS R e
oxi de, 1- dec enpeanirdpsak 1"hunslbet‘fbwb1cbmodss du&{cdllhd aﬂ:@merﬂ)ektﬁiﬁcnmc chemical reaction
4- et hyl -1, 2a ent ednoe OX] deu,re mtghe di en gh rmnox% i.sopr etn§ nonoxi de,

cycl opent ene®6Xi Pl RFSTES BN T3 &en & B RS PERE G e

cyclooctene OXIde styrene oxi de, nethylstyrene oxi de, plnene oxi de,

mono- yepoxj di.zed. fat s
epOXI di z eg[%:) {){13 igé fuﬂ%ﬁ &ﬁva&glzl st g toé %.\rthgf acqw tlon%t%é, daf#eéff‘l}e ytelggeir%}'gre peak
epi chlldr ohydraachedgi tﬂﬁe pﬂbod:duwudtlctﬁmn vtap, Istegsﬁbﬁs rgieyed dade,to ﬁu@ﬁilnasprefeﬂibly once

exanpl e, net id I

gl yci dyl et h@rl l’ong}t p¥1111c E{/ lpi‘e&rﬁbﬁ{ exa%ll% 8Fc {]dﬁtéé‘lr(é"lt Xr& glﬁaynt or these
epoxi de- f uncsdditiab oﬁtﬂemanmy&uhtanéslkylmecdnucasbexﬁgmarreﬁampinethe Bfesence of CO;,, and
gl yci dyl oxypr n .,

3. gI yci dyl OXV%?% 5y t§1 oxy éleffl ﬁ"hot gpot %hllcély?cc%f; pdrusptg)/lthe subsequent exothermic
tripropoxysi bmneqa:Bregctt;omadaybm@tpp mnyéssree mytheieamdrhioenys edch oase Beigt ywedidy| o
xypropyl et hyl - 35di et hoxysi |l ane and

3-gl yCi dyl oxypropyl triisopropoxysilane. Preferably, ethylene oxide

and/ or pr opy h]efmeosspbledkr therndpizivg iAQ td B digsobiy lirethe panticaler par an@npbognecbr more
as al kyl e ich are active

for “the arss Sffsmmien s SRRt BB et f fedrad

starter substance. G oups which have actl ve H at ons and are active

for theakoxlatl are ex mar m ne s
- NH (SeC(i)nn 3 £¥y a‘d emboflmeng&f; B gg?aé&ﬁ angnﬁat 0 (ﬁ‘dngrﬁlﬁ?{kygeﬂlg 0x1sc123§ which is
pr ef e2¥ edempidyedGi ths aptarauorcui aelisyﬁlproeﬁeeusr 2d.to 'Irlﬁe M%upmfeirz(bﬂ;alz 53b artoewt.%,
subst ance rmre o

Trom & he BPOUITBAnGrery e SR AoHar tress S Bl EBRGH SCERBHO ALt G ovides
al cohol s, exppibya‘dumdtmaanahoraandmemlym@izytﬁammct| onal thiols, am no

al cohol s thi oal cohol s, hydroxy esters, polyether polyols, pol yest er

pol yol s, polyester ether polyols, polyether carbonate polyols,
pol ycar bofht metpmig/@ose orpmbry:elkmehenﬁﬂ&ﬁaﬁdESptioﬁﬂlyyﬂtﬂ’me:raﬂ:@ﬁidRﬁﬁle (sca@ried out after

so-ca ed J fam Hunt as. e.q. 30, D;400,,..
B 2008 TUEG Pt thter s S BORGrort of FaBB it s ol erb g pggiagrof the
such as eDMC &Mly&bﬂ%ralﬁh‘e 0280 ADAI{QthtlB%ﬂlQ of thé thgtal IO Which is added as a solid
pol yt et rahydr of ur an Pal E(r) of .BASF, suc s e.q. :
PolyTHF( " 1y e 06%30% tﬁi% 6% 1{; h%: 4%6“ oigébspér?wo efoare or ager the drying of the
pol ytetr aktyxmkrr@ﬁhsraafnarﬂthteBMCBA{iﬁspmﬂdnuﬂie aEIﬁhWE}tarnahy@Icrneﬁpmaﬁﬁm $ult B) is added
1700), pol e th| i h no-
or digl ycg &}E ‘%meﬂj *‘ﬁﬁ}ﬁlg‘?ré%ﬁgﬂﬁgﬂ ﬁ’ﬁ%ﬁ@g %@Lyls @gfér egzil £t @ﬁa‘g&fefﬂably
35  be dried, for example in a process analogous to the drying of the starter substance. The metering of
one or more alkylene oxides and of the carbon dioxide can in principle be carried out in various

ways. The start of the metering can take place from a vacuum or under a previously selected



10E- caprol actone. The pol yether polyols in particular behave in an
advant ageous manner in the activation.-ITRe H functional starter

subst ances can al so be chosen fromthe substance class of polyether
polyols, in particular those with a nol ecular weight Mi in the range

of from 10@ptessude, OBO rg¢pmlsure Po Ipyedariidy estilﬂisb@il bolpsssinfi io anainext tyas, | uclups, for
fromrecurrl | e uni t

preferr ed prpgefglf'tré%?n Hl%p eﬁsu e@gso?ut bgg% eﬁ?@ﬁ? %@g etwi%d%&%% toplroc%jﬁﬂi eﬁeérably
oxi de uni 169 m;bartbl&bdramﬁ prqﬂcrelﬂgrﬁa@)hgoammtmba Irompﬂntulmy Iﬁrefem:csanmadnﬂ@ﬂ the
% of prop ne oxide uni These e

copol ymer}s41 g‘ru%a ‘ernat I ng arter c%nilpouﬁ&c%%o ;ﬁr@? §£m?' Sc%e{)ﬁn?(gﬁ i teﬁ &‘g % ‘ﬁlafged at
pr opyl £neacendaturSuf f:rahll@o iffbtwh’iﬁﬁ@r atpesty@ics, potferhiily ﬂpeef tmem wale 1S rblan@ 10 bar

pDreSP%lpﬁgﬁ %)s hq%)c g‘%]rgcu?r{rl eI')[rQ Elgl ( (r)XItod%ggx/rg(lgli;s]o]C]?e; of Igfggr;ertl gaf I(I}lg( ogn}l) ora nobqe gas,
Bayf | ex( r yychBa\foadxbmple, eE’ﬁ)'EQ and ekl tippe inywedigely pusyquestlyoh wBhisel’S min the increased

Mat eri al Sgi ence. such as e 00Z hen(r
1900U, AcBIE i ‘rs)reG‘i&’% %)I apﬁ%olgﬁcgﬁ%‘?mﬁr ?‘ﬂ%s%% Fob ST aﬁ%%ﬁ‘i&?ﬁy preferred
Pol yol 106dbodinean) E(nrl)lerPg:isy(tnitrogéhl& a Aotdd fas) sueblay, dbr &@BPle, ApaQli{ passed into the

Pol yol, 1070,, Bayc D 0 Ba 489

PET(r;l 100K LT S“ﬁ %m%“ Ep@é’%?‘mﬁu Ere ?‘(‘!é%?? %/535938 @@Bd "*?4% Hg?ﬁfber?ereduced
oxi des ar p:esahmr(algmmrep loé fromH6 mbabtoFl00mital, (pafickaty adblf frddASFmbEr, to 200 mbar,
sui tabl e pson%r_ﬁ@ol ypropyl ene oxides are, for exanple, the Pluriol (r) P
brands of “BRSESE, and suitabl e nixed copol yners of ethyl ene oxide

and propyl ene oxide are, for exanple, the Pluronic(r) PE or

Pl uri ol (rg RPE brands of BASF SE. The H-functional starter substances
can al so be é osen fromthe substance class of polyester polyols, 30
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35  that the copolymerization for the preparation of the polyether carbonate polyols is advantageously

carried out at 50 to 150 °C, preferably at 60 to 145 °C, particularly preferably at 70 to 140 °C and
very particularly preferably at 110 to 120 °C. If temperatures below 50 °C are established, the
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In the case of a tube reactor, the activated catalyst and starter and the epoxide and carbon dioxide are

pumped continuously through a tube. The molar ratios of the reaction partners vary according to the
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20 Generally, alkylene oxides having 2 - 24 carbon atoms can be employed for the process according to
the invention. The alkylene oxides having 2 - 24 carbon atoms are, for example, one or more
compounds chosen from the group consisting of ethylene oxide, propylene oxide, 1-butene oxide,
2,3-butene oxide, 2-methyl-1,2-propene oxide (isobutene oxide), 1-pentene oxide, 2,3-pentene oxide,
2-methyl-1,2-butene oxide, 3-methyl-1,2-butene oxide, l-hexene oxide, 2,3-hexene oxide, 3,4-

25  hexene oxide, 2-methyl-1,2-pentene oxide, 4-methyl-1,2-pentene oxide, 2-ethyl-1,2-butene oxide, 1-
heptene oxide, 1-octene oxide, 1-nonene oxide, 1-decene oxide, 1-undecene oxide, 1-dodecene oxide,
4-methyl-1,2-pentene oxide, butadiene monoxide, isoprene monoxide, cyclopentene oxide,
cyclohexene oxide, cycloheptene oxide, cyclooctene oxide, styrene oxide, methylstyrene oxide,
pinene oxide, mono- or polyepoxidized fats as mono-, di- and triglycerides, epoxidized fatty acids,

30  C,-Cy4 esters of epoxidized fatty acids, epichlorohydrin, glycidol and derivatives of glycidol, such as,
for example, methyl glycidyl ether, ethyl glycidyl ether, 2-cthylhexyl glycidyl ether, allyl glycidyl
ether, glycidyl methacrylate, and epoxide-functional alkyloxysilanes, such as, for example, 3-
glycidyloxypropyltrimethoxysilane,  3-glycidyloxypropyltricthoxysilane,  3-glycidyloxypropyl-
tripropoxysilane, 3-glycidyloxypropylmethyldimethoxysilane, 3-glycidyloxypropylethyl-

35  diethoxysilane and 3-glycidyloxypropyltriisopropoxysilane. Preferably, ethylene oxide and/or

propylene oxide, in particular propylene oxide, are employed as alkylene oxides.



20s is 4 if X = halide, hydroxide, carboxylate, cyanate, thiocyanate,

| socyanate, isothiocyanate or nitrate,-ior suitable netal salts have

the general formula (XIIl1) 25MX)t(XI11) wherein Mis chosen fromthe
netal cations Mo 6+ and W6+ X are one or nore (i.e. different)
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0. Oleochemicals GmbH), Sovermol® types (Cognis Deutschland GmbH & Co. KG) and Soyol®TM
types (USSC Co.).
20
Monofunctional starter compounds which can be employed are alcohols, amines, thiols and
carboxylic acids. Monofunctional alcohols which can be used are: methanol, ethanol, 1-propanol, 2-
propanol, 1-butanol, 2-butanol, tert-butanol, 3-buten-1-ol, 3-butyn-1-ol, 2-methyl-3-buten-2-o0l, 2-
methyl-3-butyn-2-ol, propargyl alcohol, 2-methyl-2-propanol, 1-tert-butoxy-2-propanol, 1-pentanol,
25  2-pentanol, 3-pentanol, 1-hexanol, 2-hexanol, 3-hexanol, 1-heptanol, 2-heptanol, 3-heptanol, 1-
octanol, 2-octanol, 3-octanol, 4-octanol, phenol, 2-hydroxybiphenyl, 3-hydroxybiphenyl, 4-
hydroxybiphenyl,  2-hydroxypyridine, = 3-hydroxypyridine,  4-hydroxypyridine. = Possible
monofunctional amines are: butylamine, tert-butylamine, pentylamine, hexylamine, aniline, aziridine,
pyrrolidine, piperidine, morpholine. Monofunctional thiols which can be used are: ethanethiol, 1-
30 propanethiol, 2-propanethiol, 1-butanethiol, 3-methyl-1-butanethiol, 2-butene-1-thiol, thiophenol.
Monofunctional carboxylic acids which may be mentioned are: formic acid, acetic acid, propionic
acid, butyric acid, fatty acids, such as stearic acid, palmitic acid, oleic acid, linoleic acid, linolenic

acid, benzoic acid, acrylic acid.

35  Polyfunctional alcohols which are suitable as H-functional starter substances are, for example,
difunctional alcohols (such as, for example, ethylene glycol, diethylene glycol, propylene glycol,
dipropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,4-butenediol, 1,4-butynediol, neopentyl
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et hers, Er ﬁﬁﬁx“aﬁ%%‘é an%ew laérlwdaﬁ%&nee Oéeﬁ% YIERecoxk eﬂpr%l%erl% jrg, for
acid, pol Wadfpley the @ luaéHic- Mo P I CRBE biddds oPBAEAGEY! oni tril e, polyal kyl
acrylates pol yal kyl met hacryl ates, pol yvinyl nethyl ether, polyvinyl

ethyl ether, polyvinyl acetate, polyvinyl alcohol,

pol y- N- vi myd RO b 20 §Bor smta&ﬁ&&hcan éﬂ&b el dh¥deR Yofthd %@t@n&@t@%ﬁﬂolﬁsm polyols,
acid), polyvinyl nmethyl ketone 4 V|nﬁlphenolg pol y(acr

|
aci dct st i eaasplar Hiose ¥itp ﬁéﬂﬁe}efu}fw%gl Mo pdhs mpeepkiem 880 ﬁépig/ewhe#tdeast
and nal ei gifiglioHl F&?esfe@@ﬁ&le)’éﬁﬁﬂ@ed Qy%%(&tﬂagloﬁ,eh)bwbs@éepmﬁ preferably comprise

polyacetals or o %C|dg et hers, glycosi car boxylic acid
esters of alisFalipg ia‘ﬁétal'ﬂ ipoho]| wiRofeid cmpenesls|hchypre SIIAYed @8y g ssugginic acid,

am des t herRRf aci€ 6186 xhydrias, acﬂﬂ@sdaﬂoﬁaﬁt%alﬁ:oﬁmﬂm ;phfhalfc YO8 afsb’ﬁlﬁ{aﬁ'g acid,
carboxylic acid esters or ionic surface- or inferface-activ

conpoundswgﬁyﬁéﬂﬁﬁﬂr@Hﬁpﬁvm@#ﬂFEVéHmﬁﬁnﬁﬁ@mbﬂéﬁﬁhﬁkﬂ6ﬁm§ﬂwﬁﬁ@ﬂBWEamﬂ@ﬂde

35  or mixture of the acids and/or anhydrides mentioned. Alcohol components which are used are e.g.
ethanediol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, neopentyl glycol, 1,6-
hexanediol, 1,4-bis~(hydroxymethyl)-cyclohexane, diethylene glycol, dipropylene glycol



5 reacted in the presence of the organic conplexing ligand (e.qg.
tert-butanol), a suspension which cont-dabrs the double netal cyanide
conpound (e.g. zinc hexacyanocobaltate), water, excess netal salt and
the organic conpl exing ligand being forned. In this context, the

organi c CGnqtﬂtla/)kdlptgpdnb,@ytﬂrod;a;ﬂntb@ytbm@lsﬁ'nmxiufbstoflﬂ;'.e alqul&ﬂnjﬂetﬁmh&d]t Ifdifundtional or
t he net al

directly POOheiobtaBBRUSORT et A Bee & M ASnif oy giotiefie” S polets
met al cyawhith cmomtmmm dervt &s duatr prb@wmﬂs foo tlﬁ@r@dm&m afyhopdlydiieer Barkorategolyols,
aqueous solu |on sal t an f th C ide salt d
he or gante CuiRe ety SRNEhST PIVT Gob i “CEiTE: Ao SR €F shllpur R e
f or meds i npichaatidnred thepbBpstéretichpolydpt i onal |y treated with a further

conpl exi ng conponent. In this context, the conpl exing conponent is
preferably enployed in a 15 mixture with water and organic

conpl exi nBollytagtainate Mol el mfth@ﬁhomelielmﬁblcﬁ}eﬂ aea:‘r fuyictiogalodtdrtet baﬂasfahcreﬁtmsgaﬁiaular

i i ng. noBRET e PeREHFar T SFLPORaRG SiisroErt 07 Bkl PRurde Py 2500,

descri bedwhizh W0 phefdidd 328 8&mple, by rdantido e pheeitd disdeey] tdibonar| dieth{l cabonate or

t he c s f the ca st agcordj he ent isal ate
0t D < naPEt D gin 250 SR lierR Rl ati el oAl SEhsrer pRbR drdspls of
filtrati opolydaiboatpy &fes bedoaeteqdiifmERIA V3391 ZNtFor ieRandpld, Nhd Depicph@s'sC types of

step the oI| h. has ee |soI t ed uently. wa Wi t
Subous s MEIFGRIERE A5 gioh & S Gopiarise e o 38 ALDpamogheray 200! et Be (3 as
resuspendpﬂgm&mdmsdbsequent renemed isolation by filtration or
centrifugation). In this manner, for 25 exanple, water-sol uble

by- products, such as potassiumchloride, can be renoved fromthe

cat al y5t BCe dthen @nib@difnhr& dfhthe nivedtion, PoBE@erakityonate f@l)@[ﬁ)wﬂt beOEmployed as H-

organic c Lex i gan us, was n i s betwee
01 98 . CRIBYSH! ek e T bR SRS S L LB 1S BECMEED, e
further cpﬂaspésemcngincgqmmamnmms d@plﬁlbeﬁnﬁ}el dre adplegkdt Dhdsé polagihee @bonate polyols

W 0% Bas BRI LB LSl PR eE <F P BRaOT Gre A B b B rsction

t he sol i dstei ch has been isolated to be washed nore than once.
Prefe%ﬁbly, washing is carried out in a first washing step (Hi-1)

with aqueous solution of the unsaturated al cohol (e.g. by

resus p]endimg Haﬂ:iﬁlctﬁ:uzbs;esqtae E\Ibsﬂamewe@eﬁefeﬂ)lhatld @ﬁurﬁﬂoﬂaﬂltyt ial hdlibed Irof H3%toms per
centrifugat er t eno Qr ex ter-spol ubhl e

by~ br oducreleh s 5Ftve IPr ETRPGITERIonk PO et bRl i P e B
to the i nfaidnanstarter ibstntm ne emplBpddt it Bbividupityebessad mixtuteNd An@MNEvo H-
of unsatu ted aIcohoL i n the aqueous washing solution is between 40
and 80 wt (OKUGPAISIAGCLIOSENSES. Ty ho 't otal sol ution of the first washing
step.24n the further washi ng steps (iii-2), either the first washing

Ui mas. - | PR Ny BRaParn cobrprerensby o G el pnca %o T |

pr ef er abl e, homever to use a non-aqueous solution for further
washi ng operations, e.g. a nixtu# ﬁgﬁSﬁJ tion of unsaturated
al cohol, of organic conplexing | §éﬁ 2 5 further conpl exing (IX)
conponent s (preferably in the range of between 0.5 and 5 wt.% based

on the tot amunt of the shi ng..s utlon of st (111.-2)),

ool oy BBerERd BASHIHS 1851 T S PGP s prigbes Tom i 20G Elianlesafplohos

oRce olr Zw\fﬁrdaiﬁ tfr)] ifdTRSa (w)eérelemptleye gxpgce tabtthrelerm Rl aneﬁtaxae@ibmthmnediol, 1,10-

The soli [ a n.isola nd optio shed is then

dried, opf§Bi A wﬁr Fgﬁotfﬁr%rf ?darﬁtrr?re mﬁ%%e‘ﬁiearessu Ancep are neopentyl

gener al 2@1yc01 ]-tﬁﬁleﬂiyﬁl]iﬂoﬁzlﬂéj %tycabﬁ%%meeﬁhﬂtfol fré001 Hro@ebesfahe AcdhokREordifg to

nor nal eferred nmet hod fo |solat|n t he DMC

cat al yst s @6?8{ ]"t‘ocat’ﬁ’ r‘Eﬁ‘f“‘F‘r Uﬁfl‘thf’eOféﬂ@Eféﬂglip&Ra‘E?yw ¢-caprolactone,
35  reaction products of glycerol w1th e-caprolactone and reaction products of pentaerythritol with e-

caprolactone. H-functional starter substances which are furthermore preferably employed are water,



25t he pol yet her carbonate polyols to be used nust conply with certain
substance properties, such as, for exanpke, nolecul ar weight,

viscosity, polydispersity, functionality and/or hydroxyl nunber. -

24 - Exanpl es The wei ght- and nunber-average nol ecul ar wei ght of the

pol ynmer s ﬁﬁthﬁl‘]%de W86, digireylene qdlycdy damansiloforigel ap&rpaBatht0Polyols built up from
chr omat ogr aph ég%d The, rocedure was in accordance with DIN

555672- 1: recEgng Fregrid H]Fl&mat ography, Part 1 - Tetrahydrofuran as
the eluting agent”. Polystyrene sanpl es of knovvn m)l ecul ar wei ght

were used _here for the caljbration hydr oxyl nunber

was det er %E@?%O%@é@?ﬂéﬂ%ﬁéﬂnﬁﬁw Eﬂrﬁ\f@gliwr}%a 159?% iAYe 5 R@nﬁ%ﬁegeasfmm
the soj VethTe erO@PVeMBIsting 65&@;11611@@3&1 b%meﬁ&gllyanemlplr hedigol, TBIuRhdd), 1,4-
was carri t. with 10 5 nol ar et hanal poi, nt ‘det ecti on
by neans lrta ﬂt%nﬂéd%tew ol, éa%%twpramnem#laﬁlemnw&n&}é%o bs peierinsdioby 1.8-

certificab@ardctiol Td[e‘ﬂﬂ/&iﬁe @@c&lh@pfopﬁlbnesglw agny@eml Tﬁkﬁethlﬁbl ro§§rﬁ:t &d ahdtrifunctional
"mg/ 9" rel teStogj{rﬁ her ol yol ] or_stating

t he anpunPolyih ?re@ Fé %&Lﬂtw@ it Pyt d’fp %as%gf&ﬁ Soahgtaparter
of net al &%@nce%d%yﬁﬁ@@mﬂ@bﬁh|d\z’-eorttﬁ-HJﬂ.ﬁicﬁéiﬁISEt@r@%u@sfﬂﬁb@tpr@fyleﬁémﬁhé and
enpl Oi/ origi naél ng fromthe DVC caélgl yst, |s Iso i ndi cated. A

wei gh 0 ¢ ofthgpte edechiegrolyptherpalyolspreferably baveragpolgcy aémegpﬁ Mg 1n the range of from 62
subst ancetoanmu%melf armbﬁh&uoﬁantg bh ﬂ{)innﬂtoflf QHa thparfMiar Gah@bdidr weldht $n in the
was det erm ned y means. of  x- ra% uorescence analysis. On this

basis, 14FnEHeidForHMtocH0q et Byogaltp PRI &8P Jiccording to Exarrpl e

6 of V\DA 01/80994) contain a substance anount of cobalt of 0 26

nmol . 20 The content of CO2 jncorporated in the resulti n? yet her

car bonat e TRoPirBIratigqeft e PRIyt @roopsteopgivelnds eargbidty a8 ﬁﬁlﬂﬂélﬂlﬁ’étof carbon

car bopat edip@idy fld aB/e dLiHey Ixi th ﬂdfui%ﬁoﬁaaﬁ&elqﬁbs&ﬁmk@rthe @R?éxme iffQtion, "H
MHz; pul se progra @19%30 waiting tinme dl: s, 64 scans). The sanple

was di ssofipeiPrah iyerdesiogt éﬂmﬁ‘rfﬂ“@r G SRHbsr of gaf"é‘i’insc%eé &nolepplsof dheeiagtqr compound

I esonanceghich atehetivkHoNMRulkbaraen.on TM5 = 250 ppn) are as fol | ows:
cyclic carbonate (which was formed as a by-product) resonance at 4.5

ppm carbonate, resulting from carbon di oxide incorporated in the

pol yet her psgr EH@A]?&sefop@sle}{@ he @b@ﬁ@lﬂﬂ&@ﬁt@toﬁp&lae@ afk. @owm prlridﬁblee@&ﬁ &1 prior
PO with resgnance _at &rg o yet er polyo

i ncor por afe&ee £ ol %Il 0%94d St 3 &ofan s été‘fi 8Zlgtf’éi‘d lU%Api)llr?g Prd- DMC

1, 8- oct anggiipds, wmz;ﬁlzaweaine@h &g ik Us @ts ars er3, pplaemol o VBELA 783 093, EP-A 761 708,
30resonance at_ 1. mol ar content of the car bonate

Cncor por afgy pdioRs SuP,aBnBRR end” ERCOVATIR et oh | e abghl Sty in the

accor di ngh&rﬁbﬁo%’fﬁﬁbaﬁloﬁ 3t dpoRided Al lr@\Es pokdile f1RIptPudatich &lpbryemaq:tomnsat very low
being used: A(4.5) = area of the resqgnance at 4.5 ppm for cycli
car bonat eca(“é F%B‘Bﬁﬂ%ﬂst(%s " lascsbﬁ? ﬂ‘S@A@S“"'TLaI 4 1%1)0 longgr %%eﬁﬁﬁrytt%%eparate off the

I eSoNgCecadlysd bnfthd fmmﬂ %dlp.@l MRSy @arvemca:aﬁ%w%so@aeh alnEIHAamrm
for cyclic_ carbonate. = area of the rfsonance at

free, unr¥hchen apgion toz%doub metl eyagjsle compound gF2- HE h,ewsﬁwgmpélo %{?(HI)) and an

1.2-1. 0 ppihdi@rcorpleyigl hhnd .y OlertAlthnddy, lalP2dontai hegblRihel REIH £ SANBACR erage

at 1.6 to 1,52 ppmfor 1,8-octanediol (starter)
molecular weight of greater than 500 g/mol, are a typical example.

30  The DMC catalysts according to the invention are obtained by a procedure in which
(1) in the first step an aqueous solution of a metal salt is reacted with the aqueous solution of a
metal cyanide salt in the presence of one or more organic complexing ligands, e.g. of an ether or
alcohol,
(ii) wherein in the second step the solid is separated off by known techniques (such as centrifugation

35 or filtration) from the suspension obtained from (i),



Taking into account the relative intensities, the pol yner-bonded
carbonate ("linear carbonate" LC) in 5tlBe reaction m xture was

converted into nol % according to the followng fornmula (XVl) A(5. 1-

4.8) - A(4.5) LC=*100 A(5.1-4.8) + A(2.4) + 0.33 * A(1.2-1.0) + 0.25

* A(1l. 64. 58) whit¥in) if appropridibeinveeihgthtstepohe endid Which s, Bden dfolated is washed with an
pol ymer - bond r e C)..in the reaction m xture was,.

ocal oul at edicueily BBl noleahd (GG b8 Tl by GsulfRRcing and subscquent
A(4.5)]*102 thORedixAton by idratiah oreceftoifughliqn),denom nator” N) bei ng

cal cul ate ceordi formula (XVELLY).: 15 N= _ . )
s 10 ByP G558 19 b3 i S hiob s -l prysapion ois, oty gesd
A(l. 6-3.52) * fedperhtvecsf ddh @enct 20r € 519 1 arfdr ondet presssremob firotohin genébreic@ull autbar to
wei ghts of CCR | ecul ight 44 g/nmol) and that of propyl ene

oxi de (nol ecl %I%F&Eﬁsﬁrﬁt(ﬂggml%fﬁbl ), the factor 58 results fromthe

nol ecul ar aRDwbérgintinahe firsopigp @némmedigielyarfar theeprécpitation b8 Gier dabiletsetilrganide

t he nol ecul ar tght .of the starter enpl oyed, .1, 8-oct.anedi.ol. The

e gt conr o A Sop’ G Rl Skl GufiTine ot HoBRRY et G on e
m xt ur e wdsubbahaailcgiridt cacpourd), agd dmiohadlyrfudtier ¢othpigxingZonpahentsAfedadByd 102
*100%@@@0) the value for N being cal cul ated according to formula

(XI). Tn order to calculate fromthe values of the conposition of the
reacti on Fhxdanble mdie cgaifeasmpowks Staidze e the @MC haalpat yarendingas the fivention are

i sti f .pol | yol i bui | f .h
(cone st 08Bl Bl 48l AL R LS PR T

under CO2-free conditions, and pol yether carbonate polyol, built up

fromthe starter r opyl ene oxi de. and carbo i,oxi de duri t he .
neetvat ; ofvapante, i RS s anf e Rl GRIatEl bl dta Hipralgyanice
t he copol yakersuchats, dor) exatnple, potasspal yiesaryanotubbliad) eant poaksiih cek@gaiocahaltate is
m xture (i.e., cyclic propyl ene carbonate. and.a unreacted - 26 .- .
or opy | ene Bie0 i sty Eting o Tl B Pl Bl APISETRY o, S ifegnen zine
cont ent ohexabyenaabdiardisehaneddudro thg suspedsoniforntede pol yet her car bonat e

pol yol was converted into a weight content of carbon dioxide by neans
of the factor F = 441(44+58). The CO2 content in the polyether

car bonat eMeall yais whichtaedsu{tiGORr irgadpportiat efthe s@bleteal fegdridiongounds preferably
exarrp% S ﬁmvd I‘Iéabl e ljf%) iu§a andardi zed to the content of 5 the

pol ye LEMEATE BN nol ecul e which was forned during the

copol yneri zati on and, where appropriate, the activation steps in the
presence of CO2 (i.e. the content Q); t he pol yet her carbonate pol i

mol ecul e which results fromthe st )Fer (1,8-octanediol) and fro he
reaction of the starter with epoxide which was added under CO2-free
condi tions,was not taken into account here). . 10Preparation of a

pol yet herwg%{%onate pol yol in the absence of additives. (Conparison
exanpke 1M it4Hosegfraf tidrhea cBidas Eat' afey's NiX{,Mefharcdd Si*h sat crly Danda@n® \Whteterably
Exanpl e 6, of WO A»01/80994) and 51 g of dried 1, 8-octanedi ol
(starter)Mvalérzg 1%f§3l |0§1%I{ ntroduced into a 11 pressure reactor with a
gas net er Knge devarasore Tike diffeat) aniowsg prefiedilyeah atport choded(rdm ¢hia Graug rod dsleids (i.e.

i nert by eetg har gi W, & i frogen a ro.S%ar.and .
subsequantHER T e HPoRdGSaS Rl BEBHR: olnd RS nalp irogyprte
isothiccyanate, carboxylate, oxalate and nitrate;
30 nis 1 if X = sulfate, carbonate or oxalate and
n is 2 if X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate, isothiocyanate or

nitrate,

or suitable metal salts have the general formula (XI)
35
Mi(X)s (XD



15 out 3 tines. 25 g of propylene oxide (PO were netered into the
reactor at 130C and in the absence of @2, that is to say under zero
bar of CO2. The start-up of the reaction manifested itself by a
tenperature peak ("hot spot”) and by a drop in pressure to the

starting phessure (approx 1 bar) [activation 1]. After the first

drop in pressure, g of PO [activalion, 21 rgd then 19 g of PO were
metered i M‘fséb‘?sﬂ'}‘ ?"f[lg@t“il%tc?t&‘?s By, Als: @ r@¥fits of which in each case

a tenper akur& oREdkna0d. eadi@f'ef%ﬂt) laﬂlonszgrewrmﬁw ﬁnéxncﬂownrﬁ-&@ﬁlu fi&lg ofﬁmd%g (ie.
t he reactgor had been charged wt ressure 11 of
PO were nﬂP@fdédchl?fldPa‘HP’G}dﬁ Pdigeh hytroxide, &Lﬂlfateaﬁaraoqa s&Yapat’érfthmaéﬁeadso‘?yanate
t enper it UfBthRRHMnaR ok Abte AfxhBlc afd Wathie! Ng time of 33 minutes [tine

11. Fromthis point in time of the tenperature peak, the overal
pressure Fif%Aihe TREeGroPRTIR@*tgcastr ease. The pressure [pressure 2]
in the reagd orir was Y8841 13hRdids Uskodkiat, tBatb! BReinsieMAScYLRRL, 1%%}/@&% or
at the above-nentioned pressure 1 by regular nmetering in of 25CO2

After then&ét vation had taken place, the remaining propyl ene oxi de
(435 g) was punped continuously into the reactor at approx. 1.8

g/mn mﬂlethetamaaﬂuevmsImmmﬂto]ﬂSC[tamaauuellln
stepsi®f o witply metalsaltnhaye the genopgh dmpkdXHidi t i on of PO had ended,
stirring was continued (1,500 rpn) for a further 60 m nutes at 1050
under the above-nentioned pressure 1. The pol yet her carbonate pol%
prepared in this way is dlstlnguH§ﬁ€H by the following propertie$

30Cx2 incorporated [w.%, based on the part of the polyner forned
under CO2: 19.9 wt.% Select|V|ty stated as the ratio of cyclic
carbonate“@ﬂﬁ@e5|rable by- product) to pol yether carbonate polyol =

0. 21; 169H RiTBRIsefroth IR R ¥EIRAeMotatbapate: pol yol was 67.2 ny/g;
Polydlsper5|ty was 1.45. 27 - Preparation of a polyether carbonate
pol yol wi Krare B o1, Tus56 6o didferend Anigps, Brefegbhy arpandongehopan_frasy ths grapp 9h alies (e.
(Conpar i s@aforkaéadikrRie Brodiiie, BH]@&aﬁﬁfrbﬂ& Mﬁt&@ir’ﬁérﬁfé Oyhatk, Hh@%ﬂit@'amﬁ?anate
with the procedure in Conparison Exanple 1, but [pressure 2] was

bar . Afteﬁo@ﬁﬁy%é¥ﬂW&PFﬂﬁﬁﬁaﬂbﬁééﬁn@%?f|ed out, a mxture of 435 g of

PO and 31 g 290k 2suffaib, c‘hfbbﬂét@éxioﬁlh'ﬁe)éhd)hem' that is to say 461 g in
total, was netered in continuousl [Tenperature 1] was 110 C. The

pol yether s dafubratiafds, Juﬁrowép@r@dylﬁﬁ e¥snatentipcyasialgi BegvARA: Sriiogygnate or
the fol |l owkhg properties: CO2 incorporated [w.%, based on the part

of the polyrrer formed under CO2: 20.4 w.% Sel ectivity stated as the
ratio of cyclic carbonate (undesirable by-product) to polyether

car bonat e lQpaliy Rkl SRBINE e YRERARGRIaKIB. 21 (i.e. as in Conparison
Exanpl e 1). OH nunber of the polyether carbonate polyol was 69.1

ng/ g; Pol ydi spersity was poorer (1.65 instead of 1.45). Preparation

of a pplyether carbonate polyol imathe presence of a DMC catal ysixapd
an organi c 15additive (additive A and optionally a netal salt B
(general preparation instructions): 141 ng of dried DMC catal yst
(prepar edyhite@ccordance with Exanple 6 of WO-A 01/80994), where
appropriate an additive A (in the nature and amount stated in Table

1) [addi t Mg chasen from thepatal cotines Moappe 8bri ate a nmetal salt B (in the
nature angt RODANY, rﬁ'&r@-b%ddl'ffarelﬁlahlgns]-})re["é??otba&n 2o gl fdnPhe %&p%ﬂal%s (ie.
g of dried 1,8-octanediol (start eﬂ? were initially introduced into

11 pr ¥ sufleoridsaehiasidesiiromids, igdide), buiroradee sylfats, gubongis, cypruic.rthiggyapatc, m@yanate
heated upjsh@ictyiats; c‘%ﬁgx"jlﬁg%ﬁﬁg ahdEhteDy repeated charging with
nitrogen to approx ar and subsequent letting down to approx. 1

bar. Thi st7@éé$§ﬁSéﬁatmgb@@ﬁerqf@daléi@u@nq hree times [drying]. 25 g of

propyl ene; axi e x( E’%Imﬁr ?dﬁﬁhsr&%okﬂgt@ EABatt, emfowarna@t ls%éaﬁat@npotm&ym@e or
absence of CO2, that i$ fo say under zero bar of

appropri atﬂéfa‘tehe additive A was first added here as a solution in the

35
Examples of suitable metal salts are zinc chloride, zine bromide, zinc iodide, zinc acetate, zinc

acetylacetonate, zinc benzoate, zinc nitrate, iron(Il) sulfate, iron(IT) bromide, iron(Il) chloride,



35remai ni ng propyl ene oxide (435 g) was punped continuously into the
reactor at approx. 1.8 g/mn, while thegtenperature was |lowered to
105 Cin steps of 5 C per five mnutes. Wen the addition of -28 -
PO had ended, stirring was continued (1,500 rpn) for a further 60

m nut es atrork@H Hlowael %banttﬁa GhRpvE, Mﬂﬁﬁﬁ@yaﬂétéﬁﬁdk%ﬂl) Ril@RI8 kAL hiolel(@) nikate.
pol yet her carbonate poly in the presence of 61 nmg of 4-nitrophenol

(Exanpl e Bjixtusgs %‘@rlﬁ‘i‘sé%‘i‘léflfsc‘fﬁn%beceé‘mlqyéﬁ out |n accordance with the
general preparation instructions, 4- nitrophenol, as the additive A
being initially introduced into the reaction vessel together with the
DMVC cat al Ytal skapide SSItSo\‘EPl%é‘GlSBFabéestélﬂ’teeH’?paﬁ‘élo%ogﬁ’F|d8“'{1%HHFal Fpgide compounds

addi ti9on ?ﬂe]‘erab]_ﬂ%vé {@Bedepal FMRUAGKTHPOt under CO2 [activation 4] was 6
m nut es. The pol yet her carbonate polyol prepared in this way is

di stingui shed by the foll owi ng properties: 10CO2 i ncorporated [Ww. 9%,
based on the part of the pol ynegyy, ar@eg, wpder CO2: 19.3 wt. (XIV)
Selectivity stated as the ratio of cyclic carbonate (undesi rabl e
by- product) to pol yether carbonate polyol was 0.15; OH nunmber of the
pol yet her ,g&tionat e pol yol was 61.3 ng/g; Pol ydispersity was 1.40 15
Pr eparation of a polyether carbonate polyol in the presence of 61

4- Hi t r Bpifehoren aades oumorg sl Grticarofithe spuspruties okFdE) FE@;Ua rpilB n&)ﬂﬂ)
The pr epaggtn, Qf}(lﬂ@%f(ﬁy rM@(ﬁnogtnm le‘ﬂIBCRE@I@)n R@gryl Wiv E&ﬁ‘i @meﬁreferably M' is one
preparation instructions - ophe d

di ssol ved©i HoteHaeta paiipns %ﬁhep&relﬁw@ﬁétnwf&“é(l@s 56(I¥IbrFeﬁIHeF‘Z§BcFF(H9t %Gﬁé and

1, 2 and ﬁlﬁ d th| s solution being added accordingly in the
activation s additive addition A2, A3, A4]. The tine to the hot,
spot undel IE@E’ST 7. OBt PIGPPIE Puelphertipns R iin seup CPH%Stﬁélof/éli{ﬂbWtélaﬁ* pdatl K,

pol yols pr gpgugsaridlink Birth & éieSB@SMg%w*sbledBlath he foll owing
properties: CQ2 incorporate % , based on t part of the polyne

f or med undels ckesen fpg gng,pr m@rezaslgélls e the, royp enaistips a%hftlﬁlés kgt flaorgic, choride,
cyclic capRonit odidéhdgRidxaR! Sullye, RAGIMEL, JoyhiRited AhiyEhRRY, 1%§§@Qatls%thmcyzg1ate

pol yol was 0.19; OH nunber of the polyethér carbonate polyol was 65
nmy/ g; Pol %‘P%‘ﬁlﬁ%ﬂ“ﬂiﬂ Méatelor??rWepar ation of a polyether carbonate

pol yol i ng tNgdRy 28 Bieers OhBon Tl valuedfofta, 0l fHatd RDBRBEH suck B4AMP hiRtaPyanide salt
20 has electroneutrality; a is preferably 1, 2, 3 or 4; b is preferably 4, 5 or 6; ¢ preferably has the value 0.

Examples of suitable metal cyanide salts are sodium hexacyanocobaltate(lll}, potassium
hexacyanocobaltate(IIl), potassium hexacyanoferrate(Il), potassium hexacyanoferrate(IIl), calcium
hexacyanocobaltate(IT) and lithium hexacyanocobaltate(III).

25
Preferred double metal cyanide compounds which the DMC catalysts according to the invention

contain are compounds of the general formula (XV)

My [M'x(CN)yl, (XV),
30
wherein M is as defined in formula (III) to (VI) and
M’ is as defined in formula (VII), and
X, X, y and z are integers and are chosen such that the double metal cyanide compound has
electroneutrality.
35
Preferably
x=3,x=1l,y=6andz=2,



The preparation was carried out in accordance with the general
preparation instructions, 2.4- dinitrophenol, as the additive A
being initially i ntroduced into the reaction vessel together with the
DMC catal yst and 1, 8-octanediol (starter) as a solid [additive
addi tion TZn@Bﬁ\?éTDbCﬁ@I)PbNt(H)aaqdot spot under CX2 [activation 4] was
14 m nut egp —ThenR G HI fifat e pol yol prepared in this way is
di sti ngui shed g[g/l‘?t ﬁgﬁ 05\,1&{113 groperti es: CQ2 incorporated [W. 9%,
based on the part of the pol ymer formed under CO2: 18.0 wt.% -29 -
Selectivig 184 66 &8 kNS Rt 1@ pf I o] ( :
by- pr oductg(an% fif;et her %lgr bontgte &%qéy%cﬁnp%ﬁﬁéﬁoﬂgg?n Cdiigg ??%%Sec;%p%@e{% “me
pol yet her h@mmwacl@e(ﬁ& yasic bgxecydgofgmatelllly; aRb colditdpehexiatypnegabalthte(Ii). SFurther
Preparat i 1 BT bonat £4P0d ¥ r n f
of -t ort Bl HDSNASE BBlie SR RS Pipkighnds g 17 bR GSATEE B ULS T o2z
carried o(ﬂolum Sabc@rwaﬁébzwpﬂiwaﬁmogléd@#@m prrepenkatly pwfdrarbgtlrsml:tl ons,
4-tert-butyl (pyro)catechol, as the additive A being initially
introduced into the reaction vessel together with the 10DMC cat al yst
and 1, 8- odhanwaiiolcofiplexing gdndagdded swlticdprfradtion iof the oMt datatysial are diFdiesed, for
time U

E(ﬁer Cgll)”&geg 08 1‘3?%{ & p;ia?t? laY@&lh 64111ne¥‘@§o %%)r fsﬁ‘tslrhnziogﬁg%igse%sw 505,

pol ye nat e ared 1 n t
the foll oﬁ)ﬁﬂ@ﬁbﬁéi’;@d’bﬁ é‘@O 9@CEP1An'tﬁdr7Q8),rJat4eldS [ch 1%5 47‘@&&33@5}6& 7ﬂh@3|mdf\VO-A

of the pob‘/ g@{fﬁgf ?é)?%g%n%]%agal}%%fubljeg B%EXYE %ﬁlpé%d? %tjhvﬂege\{o ?{oﬁ‘{segkcﬁ as ox%gen

ratio of cy sira uct) to
car bonat enitr'sgwl, ylsisplwass @ sdl8rr, Wcheaniiem m‘mpﬂdxes with anetdhlé:ﬂe maﬂab@'amﬂecompound

pol yol Wag.. Ge%%oﬁ@@/ag or 91!: cgh‘lﬁﬁ%}'{glgll%xm\é’aﬁreigerrg %EQ%E)I%FEQ ﬁ% ?xﬁjs are alcohols

pol yet her car resence o
(Exanmpt e ?l)ielﬂfdeSThéorwﬁ,eqb@@mmtm anEdescaneas eltthlcﬂ,lsulﬁqlﬂsaod; owdams: thewpf. ﬂ?arttxhvdarly

gener al Lf%g%ﬁ-'é@tofgaﬁ'ic cﬁﬁ@@ﬂﬁé g:ﬂlﬁ% Igréﬁgl%tng 'eﬂélls §tch % ?ﬁe%a%v}/ﬁﬁﬁ %oluble

bei ng i ni tro fion esse
DMC cat al gliphaténalcoboB-(sch anediiol, ifoprapricdri-busioh 1ss>d:luradOI a@d:mtanvletert-butanol 2-

addi tion é%%%lﬁ%-[g%eﬁ SR P Z%Q]gbgtbu %toly%ﬂg % %l %lc}{%tb l?clth \Qﬁﬁ]anc or

short ened m nutes to er car ona
pol yol pr eystnabphaiin ethii gropsyani sliphiatic |hM@mmé rgecwpbpsutlhes ¢.pl dtigdnagglycol mono-tert-

ropesdie 2
Do oedd AR ORRN i, By S OB B ser g >
of cycli cmethybbaxstae{metidad). Cudnis mnnlﬁxmdrgm)dsmchiqb@kwmbﬁeref@mdtamgn from
| yol
ot 5" o S e IR o Rl P8 AL RARL ROl ol R
pol yol i nZ2pheé-mtledSrhutyner-olg@hyignealycplhamottiit-butyather azdifemefzhsl homnmedmnol
i n propyl ene oxide. (Exanple 8) The preparation was carried out in

accordance with the general preparation instructions, phenothiazine,
as t h#d adnt iovenge domipleging degorant(s)h&omnthe rrompéundr dpspése nl palyéthies, ugdgbsters,

for the 3§nﬂ§éaib\6ﬂ£ties9npgiyilﬁqgf-et igYﬁolads%ibtiljal?neﬁgl,' polyalkylene glycol glycidyl -ethers,
polyacrylamide, poly(acrylamide-co-acrylic acid), polyacrylic acid, poly(acrylic acid-co-maleic

acid), polyacrylonitrile, polyalkyl acrylates, polyalkyl methacrylates, polyvinyl methyl ether,

polyvinyl ethyl ether, polyvinyl acetate, polyvinyl alcohol, poly-N-vinylpyrrolidone, poly(N-

30  vinylpyrrolidone-co-acrylic acid), polyvinyl methyl ketone, poly(4-vinylphenol), poly(acrylic acid-
co-styrene), oxazoline polymers, polyalkyleneimines, maleic acid and maleic anhydride copolymers,
hydroxyethylcellulose and polyacetals, or of glycidyl ethers, glycosides, carboxylic acid esters of
polyfunctional alcohols, bile acids or salts, esters or amides thereof, cyclodextrins, phosphorus

compounds, o,8-unsaturated carboxylic acid esters or ionic surface- or interface-active compounds

35  are optionally employed in the preparation of the DMC catalysts according to the invention.



The tine to the hot spot under CO2 [activation 4] was 7 m nutes. The

pol yet her carbonate polyol prepared inzphis way is distinguished by

the followi ng properties: -30 - CO2 incorporated [w.%, based on

the part of the polynmer formed under CO2: 17.8 w.% Selectivity

stated asplf@atl@tin ﬂlf:erstCs)@lfal ih %ecaéﬂaﬁhﬁaﬁ o (i msdesichalle a&%rdﬂ{gol‘éuﬁé hvérfion, the
pol yet her carbonate OH nunber of the polyether

car bonat e2@spyrarlufiens ce“ahegnetérsélr gﬁ‘@ﬁ §B‘é chleride)ygaployed o W@ﬁlaiaraﬁtrla Rragss (af least
pol yet her 5¢ a{om na&a ROhY Rktal §ahiae s, ERERGE sBf at FhstTnSlhir RHS epfﬁaal aﬁ 10 metal
(Exanpl e 9) aratlon vias carried out in accordance with the

gener al pa@ﬁalraaﬁl? Bh22h& FOtand 98 thegprddl xaidenslt (a8 Rotassiyy diexacyanoppbaltate) are
bei ng § ni {daabd Yo th@tﬂr&@bt‘éedi th@Bﬁgaﬁlb%oﬁlﬁlé%hg %@adﬂe(%%e Eer&%ﬁ:ﬁeﬁ stErﬁm‘hh%lch
DMC cat al yst 10and oct anediol (st f) as a solid [additive

addi ti on mqalnSFh%dqwbi?éan% cvfﬁlefiewe{np@aét(e amrhewarpa@ﬁw@t VEr gycesaretal salt
21 m nut egng thD6rgR¢ ¥R Iinga meﬁ&@bﬁ@hyol prepared in this way is

di stingui shed by the follomﬁng properties: CQ2 incorporated [W. %,
based on the part of the polyner forned under CO2: 20.8 wt.%

Sel ecti vi thlﬁtcaﬁt@)g RS orlghtc &a&mal@fhgsy&éah% Fé&&@ﬁQE&aq(lbﬁh‘J@&htﬁcﬁltﬁf%e metal salt
by- product) to polyether carbonate nber of

the pdlyefmir of &wnmﬁ%{t%a%a Splb| or\ieis a%d ﬁlrﬁijl/ygo ﬂm}lépam%qae‘rbéqmegi afgrepracipitgtion

Prepar at i gnyef adibRGheta! (akiaé ARARRLCIRAL YRLvcl Mo bR GIPEESERRS OhixbH
of 5o, E il AR oA ehaed ngé@m-toxywvelzxo TGRS0 o Hnix e Bifucous

prepar at i &Hutigas of thermelal sglitangd qf &@cré@taia%@dw&lhaqdﬁbe GeEpRip apmplexmg ligand with

preparati 91%01'09§ EtfrH 'ﬂ@%us nsfonBfofredt ﬁttﬁ@-ﬁg@ Qt\éﬂ) B REY bﬂloﬂﬁlylfréa@ﬂl with a further
(TEMPO), as the additive K being initially introduced into

reaction 9@@@@11“& @;@@m@}t Tni % qoEXDNIS eomRii g commgnent gs B@fea%dp@ployed in a
(starier) ;asu@ wilhiats Ejaﬂ@l{gmlef&)ﬁﬁﬂ’é}tﬂg 128ndNA] ﬁefyi’é?i Ihéﬂm foPed el thS BRE step

under CO2 [activation 4 m nut es. he pol yet her car onat e
pol yol préﬁaﬂ@dprpwretwnsofway Sp@e@ﬁl@t)uﬁgair@%@at BYPIoHaE faomixng Aepzle, particularly

properti eﬁrefe%én’iﬁ%’I%QIJ@ttcﬁg)eisWas%scm@eﬂﬁf?W@@ digspart of the polyner

formed under Selectivity stated as the ratio of
cyclic carbonate (undesirabl e by-product) to polyether carbonate

pol yol wag, fle 3ond X thaREd q% tﬁ@Eteﬁ.lsdf%tf hﬁrcaﬁgeMaaaag ROINY Ghvelfesh) BlisSated
ny/ g; 30Po|yd|sper3|ty was reparation o é%t er carbonate

pol yoP0 i nfreldhgrugnsasiencbydmops t%bma#es,tsrlah@ cemﬁfug@twgtoyﬁ don. (Exanpl e 11)
The preparation was carried out in accordance wth the general
preparatlon instructions, trans* 35nitrostyrene, as the additive A

bei ng i ni I aiprsferradt eehedisnsat v#tant tihe hidoracey siepsiielsolichyaichdias eemhisplpied is

subsequently washed with an aqueous solution of the organic complexing ligand (e.g. by
resuspending and subsequent renewed isolation by filtration or centrifugation). In this manner, for
25  example, water-soluble by-products, such as potassinum chloride, can be removed from the catalyst
according to the invention. Preferably, the amount of organic complexing ligand in the aqueous

washing solution is between 40 and 80 wt.%, based on the total solution.

In the third step, further complexing component is optionally added to the aqueous washing solution,

30  preferably in the range of between 0.5 and 5 wt.%, based on the total solution.

It is moreover advantageous for the solid which has been isolated to be washed more than once.
Preferably, washing is carried out in a first washing step (ili-1) with an aqueous solution of the
unsaturated alcohol (e.g. by resuspending and subsequent renewed isolation by filtration or
35  centrifugation), in order to remove, for example, water-soluble by-products, such as potassium
chloride, from the catalyst according to the invention in this manner. Particularly preferably, the

amount of unsaturated alcohol in the aqueous washing solution is between 40 and 80 wt.%, based on



DMC catal yst and 1, 8-octanediol (starter) as a solid [additive

addition Al]. The time to the hot spotasnder CO2 [activation 4] was

19 mnutes. -31 - The pol yether carbonate polyol prepared in this

way is distinguished by the follow ng properties: CQ2 incorporated

[W. %, bazestaaslutibeoMns tirsOfashing s LY MR fukiRF WRmhindReBE (100K citHed 1 it wAkhing
Selectivity stated as the rati o, of cy carbon e (undesi rabl e

by- pr oduc#¥P t‘%reﬁﬁﬁtiﬁet"??@roré&}’%ﬂrf&’t@ B@E‘fﬁ’ffy e RS - OIYABRIRE Qperating. or
pol yet hepregitpgnat RilpgRl .y alis We®rbi2, Rwilédio uSoh M&H rﬁjﬂ&fu% sdIMtioNarsr firtile? washlng
Preparati on of a polyether carbgnate polyol in the presence of 52

of 2, 2'- dPRFFEs se(gaeﬁnalafﬁwﬁépléyon (’%R%Sﬁ?dméed1§§°1@b?ﬁ€f%5‘ﬁ’ép°£%qx@ﬁ lwagd and

carriegl oglrtheMeARAGIAIAER oMt pleR@aBE e kanBé 8PBERENANS bitPS KH.GE, lb@ﬂaﬁ on the
2,2 - dithiobis(benzothiazole), as the additive A _being initiall

i nt r oducetPtdl AmEULRt 196 the sashing,spltjion ebster GirdDrisployet S 1R @’amg Ltan, y&s&g the solid
and 1, 8- octaReg @ith thiloasd @ kdvetbtiBesS Plelethblyddldt td iMRe adel tb@porthds. The
tinme to the hot spot under CO2 [activation 4] was 9 minutes. The

pol yet her carbonate polyol prepared in this way is distinguished by

the fol | ophdghRWARAMAS 8%h isbRfeddnd %@hﬂ?@s% i& Wen icd, BaRBE1YOI Rt B@verization,
part of the polyner fornmed under % Sel ect|V|ty stated

as t h&0 r aft tempmatpips pf ia 2ensrtl GRat 80 {Gidedreransrsairey ot fiagyingeyergl. | mbar to normal
pol yet her peaRqetsenhe) yol was 0.18; OH nunber of the polyether
carbonate pol yol was 64.6 nmg/g; Pol ydi spersity was 1.17 20

Preparati on of a polyether carbonate polyol in the presence of 52 ny

of a-met hyl ﬁ&%&%ethé%fahﬁﬂe @W@Eit@ly&@lccordm@h@ HRIBRANGH #OR theSspension
carried out in accordance wt he gener al prepar ation instructi ons,

anmet hyl st Yy Blyation, &aghing of dhyi ffliey eakpandglsying isidsseribed WOt $163984d i nt o

the reaction vessel together wth the 25DMC cat al yst and
1, 8-octanediol (starter) as a solid [additive addition Al]. The tine
to the hoifh%peivethﬁméﬁbowp?lm PRraiPRthh b3 fhenggcesnaqepidingds thepfpention have a low

pol yet her c&nb@n 8§-BroR@tY Md QhORArEssed wilkb$t P6Berhs lﬁbé{lémmysﬂasa%pmm di-
the foll ow ng propertles CQ2 incorporated [w.%, based on the part

of the poRiMr PHEFIRENalERAEY eeppolypyetbangy, v, patiquige tflexibls pglme@anea@apﬁe For
ratio of gy rbﬁa&%aomyeeheé Uﬂgﬁﬁierp%i%ﬁ “h]yal%&a;u@&&n atnq{-ﬁ&!:tY&Efk%rter compound

carbonate 3 yol was nber of the polyet her carbonate
pol yo? wa¥h rpg hgs ﬁ-d"yng:tloqta@pyaﬁ ajd@sghagp Digkeraplyjemployed. The polyether carbonate polyols

obtainable by the process according to the invention can furthermore be used in uses such as
detergent and cleaning agent formulations, drilling liquids, fuel additives, ionic and nonionic
surfactants, lubricants, process chemicals for papermaking or textile production or cosmetic
formulations. It is known to the person skilled in the art that, depending on the particular field of use,
25  the polyether carbonate polyols to be used must comply with certain substance properties, such as,

for example, molecular weight, viscosity, polydispersity, functionality and/or hydroxyl number.,



Di scussion of the results Exanples 1- 13 (Table 1) 35As can be seen
fromthe results of Conparison Exanpl e22- no significant inprovenent

is found in the context of the invention by using a sterically

hi ndered 2,4,6-tri-tert-butyl phenol in an anount of significantly

nore thanExamplssst a 10-fold nol ar excess. -32 - If the organic
additives nentioned in Exanples 3-12 are added, the tine to the hot

spot under carbon di oxide [activation 4] is sonetines shortened

si gni fi calt$ yeighp atnﬁammlbersas'eltagqr@dm@@r weighipednthe palymgrsripinryg were deteenined by
reaction. nf%:l;n &fhgel%e 't18n %ﬁixq tafo L lfé()a':fﬂle ocgdu]rg “'iagnﬁoﬁ\égorﬁﬂge with DIN

selectivity I c/ 11 near va ases) lead to po
car bont e5 ylo | "eh nenn@twmwhpmamragbae r Bart )} AEbMah&tda@el@m sdsyt the Seluting  agent”

hi gher in i il . rsioftl SO
achi eved ?\n&? ﬁ%c egaglg 9%’?‘%’3{3"%2‘%@%@% W%}é)usg{ﬁe tg?)%%%%ﬂeﬂrég?'gani o
subst ances, such as, for exanple, a-net hyI styr ene (Conparison Exanple

13) are nefe ggrntg%? retth{lcf%xﬁﬁngﬁe}% tﬁﬁm%ﬂ ift Eco?ﬂ%ﬁ&rﬂ IrigliNtﬁ%H(?% ényridine being

i nventi on. on-of a er car onate po
presence bfed4Q3hersplvnt, d@W@i'ea,mnstt:@a@faﬂéF/(r@hmm cllondeEldrapbe whs parfipd out with

prepag@t i 813 s c?lﬁ'fl&icel@Oﬁ%nq %l&c&%&%ﬂlgﬁmg\ﬂnts %f %ﬁtgnt%e%%)alcaf?r %1 with an OH

prepar ation 1 nstructions ca um st ear
bei ng i ni nmabdry%pfrcrﬁqddﬂwetﬁcatntfmcubmdraeahft fegrsubtase| Theogatshitnd ini"mig/of’ hielates

DMC cat al ﬁg ]&ﬁfeﬁ&%ﬁﬁtkpﬁg&?rter) as a solid [netal salt

addi tion time to t spot under CO2 [activation 4] was
15 m nutes. The pol yet her carbonate polyol prepared in this way is

based on | her ik, hEmbElhdd BRABEIGEE e S (IRE SRALALLAOME ofbucnl sl

Sel ect? vi epployaitreldtivego thft@ubsami:foarmuntqf@bbadt sowidyoh atigingtingdsi tha PMC catalyst, is

by- product, nglcgtg{gyﬂ,la Hﬁod}%o ofgzlom'%)(m cgfoél@a&cﬁ%%%hensldﬂé?ﬁ{ce Qhiount of
ol yo

t he pol yet er car onat I spefsity was
1.37. Prepenlitariginaigig ﬁorpdhey@ﬂ\i@rcatelaﬂb@matv@s pbtcymhed by mivenspeies e cibiopfscence

390 ng of lﬁall)"gm Bﬁ HiY tﬁiglgalﬁﬂn% o@%%%%@&nﬁéféﬂbﬁa&é& ac&%@ﬂg to Example 6 of WO-

preparation was carried out i n accordance ener

pr epar at i 61P1{89894) gentaiv asybsaheeramonnfral selakicf 8o mamlthe metal salt B,

bei ngognitially introduced into the reaction vessel together with the
DMC catal yst and 1, 8-octanediol (starter) as a solid [netal salt

addi ti on Bhg coferd ofi 6@ irsowhrtetioin tbp aesulimd grolyeder [carbenateapdlprl atll thagatio of
19 mnute

di st ngut CRBYEES, Afeh R B ler CRALEARNKE bl FRBEAR bbb ARKNR ke
based on PHK 4}99;400@(1{% relsperbgrrmze3ibh matids timddi: 10GR64 28ns). The s@gple was dissolved

Sel ecti vi denitePh &R EOHI? il ?z{'gh%aé?-:f The/ elV%ntq'QSrOpig‘l@%Sﬁ tﬁi ﬁ%}{ ?BL@? (%nhTMS =

by- product) to po yet er carbonate po
pol yeZher O ppmbonat ellpyd:yol was 63.3 ng/g; Pol ydi spersity was 1. 86.

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),
unreacted PO with resonance at 2.4 ppm, polyether polyol (i.e. without incorporated carbon dioxide}
with resonances at 1.2 to 1.0 ppm, the 1,8-octanediol incorporated as the starter molecule with a

30  resonance at 1.6 to 1.52 ppm.

The molar content of the carbonate incorporated in the polymer in the reaction mixture is calculated
according to formula (XI) as follows, the following abbreviations being used:
A(4.5) = area of the resonance at 4.5 ppm for cyclic carbonate (corresponds to an H atom)
35  A(5.1-4.8) = area of the resonance at 5.1-4.8 ppm for polyether carbonate polyol and an H atom for
cyclic carbonate.

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



-33 - Preparation of a polyether carbonate polyol in the presence of
88 ng of phenothiazi ne and 405 ng of cabkcium stearate (Exanple 16)
The preparation was carried out in accordance wth the general
preparation instructions, phenothiazine, as the additive A and

cal ci um sherr-abp= aks ot 116 reiade 5 811, BopnbRE Pelydtitr bbigdll y i nt roduced
5into the reaction vessel together with the DMC catal yst and

1, 8- oct anéi-&l->¢kT #F efrthe ’&?sonén%eéﬂ Btq Lo 196 1.&waieeqdit (SBrteand net al

salt addition B1]. The time to the hot spot under CO2 [activati on 4]

was 7 mnutes. The p et her carbonate polyol prepared in th .

di sti ngui Spldee iBip ﬂchfémY %‘F FORNVR ipsibipe theipalynictlyndpdieanhqnale 4 tliogpr [Cﬂb‘”"?c}e LC) n
based 9on e RAtmRfurd V& RANNEB ] Q6 19PLHIBE Fo HER110% g Fortul X VI

10Sel ectivity stated as the ratio of cyclic carbonate (undesi rabI e

by- product) to pol yether carbonate pol on was 0.09; OH nunber of the

pol yet her carbonate pol on was 5 oI ydi sper sity was 1.27.

15Pr epar at i on Léf=a_pofyethe A%Sl 4@_&45 theprestide of 81 (XVI)
ng of 2,4-dinitro i~ ) : J
The preparation was carried out in accor dance with the gener al
preparation instructions, 2, 4- dinitrophenol, as the additive A and

cal ci um stBuateat copent K& Wé?"éIOfé"&lﬁneBbO’}ﬁlé‘il r?@rleIPﬁtec () ¥ thet TeRRYgR gpixture was
into tdhe gatdddmcording @l fol@gethemn W th the DMC catal yst and
1,8-octanediol (starter) as a SO|Id 20[ additive addition Al and netal
salt addition Bl]. The tine to the hot spot under CO2 [activation 4]

was 7 mnutes. The pol yethej_gaybgnat Iﬁpl on prepared in this way is
di sti ngui shed by the Lfv"}c/ﬁ { eeiiice 106 i ncorporated [w.% , (XVI)
based on the part of the polyrrer formed under CO2: 20.4 wt. %
Selectivity stated as the ratio of cyclic car bonate (undesirabl e

by- pr oduc her caranat e nber of
t he pol ye{hl)ﬁ Valu%g)ﬁn b‘y (ﬁ etngmma i % was éﬁ'ﬂﬁtea’acf Ol)é/anﬁo(f ﬁla?as’ | iij was

1.24.15 Preparation of a poI yet her car bonat e poI on in the

presence f t t
(Ecanpl o RE1ATH Brearair A el PO o ies R TR B v
general preparation instructions, 4- nitrophenol, as the addl tive A

and cal ci TRl al. .salt, B, bei N tia ntr. e
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salt %jdl %vleiggt c%l ]]r)r'opylene oxide and the factor 146 results from the molecular weight of the starter

employed, 1,8-octanediol.

The weight content (in wt.%) of cyclic carbonate (CC') in the reaction mixture was calculated
according to formula (XIX),
25

cC'=

W £100% (XIX)

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

In order to calculate from the values of the composition of the reaction mixture the composition
30  based on the polymer content (consisting of polyether polyol, which was built up from the starter and
propylene oxide during the activation steps which took place under CO,-free conditions, and
polyether carbonate polyol, built up from the starter, propylene oxide and carbon dioxide during the
activation steps which took place in the presence of CO, and during the copolymerization), the non-

polymer constituents of the reaction mixture (i.e. cyclic propylene carbonate and any unreacted
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part of the polyner fornmed under CO2: 20.4 wt.% -34 - Selectivity
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20  pressure in turn occurred. After the reactor had been charged with 50 bar of CO, [pressure 1], 50 g
of PO were metered in rapidly [activation 4], as a result of which a temperature peak occurred after a
waiting time of 33 minutes [time 1]. From this point in time of the temperature peak, the overall
pressure in the reactor tended to decrease. The pressure [pressure 2] in the reactor was regulated
such that the pressure was kept constant at the above-mentioned pressure 1 by regular metering in of

25  CO,. After the activation had taken place, the remaining propylene oxide (435 g) was pumped
continuously into the reactor at approx. 1.8 g/min, while the temperature was lowered to 105 °C
[temperature 1] in steps of 5 °C per five minutes. When the addition of PO had ended, stirring was
continued (1,500 rpm) for a further 60 minutes at 105 °C under the above-mentioned pressure 1.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:
30  CO, incorporated [wt.%], based on the part of the polymer formed under CO;: 19.9 wt.%;
Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol = 0.21;
OH number of the polyether carbonate polyol was 67.2 mg/g;
Polydispersity was 1.45.
35



Selectivity stated as the ratio of cyclic carbonate (undesirable

by- product) to polyether carbonate 30p&iyol was 0.16; OH nunber of
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Pol ydi spefBigtoy dies1,8-02dnediol (starter) were initially introduced into a 1 | pressure reactor with a gas

20  metering device. The reactor was heated up to 130 °C and rendered inert by repeated charging with
nitrogen to approx. 5 bar and subsequent letting down to approx. 1 bar. This operation was carried
out three times [drying]. 25 g of propylene oxide (PO) were metered into the reactor at 130 °C and in
the absence of CO», that is to say under zero bar of CO,. Where appropriate the additive A was first
added here as a solution in the 25 g of PO [additive addition A2]. The start-up of the reaction

25  manifested itself by a temperature peak ("hot spot™) and by a drop in pressure to values close to the
starting pressure (approx. 1 bar) [activation 1]. After the first drop in pressure, 20 g of PO
[activation 2], which contained the additive A where appropriate [additive addition A3], and then
19 g of PO, which contained the additive A where appropriate [additive addition Ad], were metered
in rapidly [activation 3], as a result of which in each case a temperature peak and a drop in pressure

30  in tumn occurred. After the reactor had been charged with 50 bar of CO», 50 g of PO were metered in
rapidly [activation 4], as a result of which a temperature peak occurred afier a waiting time [time 1].
From this point in time of the temperature peak, the overall pressure in the reactor tended to decrease.
The pressure in the reactor was regulated such that the pressure was kept constant at the above-
mentioned pressure 1 by regular metering in of CO,. After the activation had been carried out, the

35  remaining propylene oxide (435 g) was pumped continuously into the reactor at approx. 1.8 g/min,

while the temperature was lowered to 105 °C in steps of 5 °C per five minutes. When the addition of



25Preparation of a polyether carbonate polyol in the presence of 81
ng of phenoxazine and 390 ng of al um nizgm stearate (Exanple 23) The
preparation was carried out in accordance with the general
preparation instructions, phenoxazine, as the additive A and
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Polydispersity was 1.4

15
Preparation of a polyether carbonate polyol in the presence of 61 mg of 4-nitrophenol, added as a
solution in propylene oxide. (Example 4)
The preparation was carried out in accordance with the general preparation instructions, 4-
nitrophenol, as the additive A, being dissolved in the amount of propylene oxide used for the

20  activations 1, 2 and 3 and this solution being added accordingly in the activation steps [additive
addition A2, A3, Ad].
The time to the hot spot under CO, [activation 4] was 7 minutes.
The polyether carbonate polyol prepared in this way is distinguished by the following properties:
CO; incorporated [wt.%], based on the part of the polymer formed under CO,: 18.3 wi.%;

25  Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.19;
OH number of the polyether carbonate polyol was 65.5 mg/g;
Polydispersity was 1.22

30  Preparation of a polyether carbonate polyol in the presence of 81 mg of 2.4-dinitrophenol.
(Example 5)
The preparation was carried out in accordance with the general preparation instructions, 2.4-
dinitrophenol, as the additive A, being initially introduced into the reaction vessel together with the
DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al].

35  The time to the hot spot under CO, [activation 4] was 14 minutes.
The polyether carbonate polyol prepared in this way is distinguished by the following properties:
CO, incorporated [wt.%], based on the part of the polymer formed under CO;: 18.0 wt.%;
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Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.16;

OH number of the polyether carbonate polyol was 59.3 mg/g;

Polydispersity was 1.17

Preparation of a polyether carbonate polyol in the presence of 74 mg of 4-tert-butyl-(pyro)catechol.
(Example 6)

The preparation was carried out in accordance with the general preparation instructions, 4-tert-butyl-
(pyro)catechol, as the additive A, being initially introduced into the reaction vessel together with the
DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al].

The time to the hot spot under C(}, [activation 4] was 17 minutes,

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO; incorporated [wt.%)], based on the part of the polymer formed under CO,: 19.8 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.18;

OH number of the polyether carbonate polyol was 65.1 mg/g;

Polydispersity was 1.38

Preparation of a polyether carbonate polyol in the presence of 88 mg of phenothiazine (Example 7)
The preparation was carried out in accordance with the general preparation instructions,
phenothiazine, as the additive A, being initially introduced into the reaction vessel together with the
DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al].

The time to the hot spot under CO; [activation 4] was shortened from 33 minutes to 6 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO; incorporated [wt.%], based on the part of the polymer formed under CO,: 18.6 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.15;

OH number of the polyether carbonate polyol was 57.8 mg/g;

Polydispersity was 1.30

Preparation of a polyether carbonate polyol in the presence of 88 mg of phenothiazine, added as a
solution in propylene oxide. (Example 8)

The preparation was carried out in accordance with the general preparation instructions,
phenothiazine, as the additive A, being added in the amount of propylene oxide used for the
activation 1 [additive addition A2].

The time to the hot spot under CO, [activation 4] was 7 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:
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CO, incorporated [wt.%], based on the part of the polymer formed under CO;: 17.8 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.19;

OH number of the polyether carbonate polyol was 64.9;

Polydispersity was 1.19

Preparation of a polyether carbonate polyol in the presence of 81 mg of phenoxazine. (Example 9)
The preparation was carried out in accordance with the general preparation instructions, phenoxazine,
as the additive A, being initially introduced into the reaction vessel together with the DMC catalyst
and 1,8-octanediol (starter} as a solid [additive addition Al].

The time to the hot spot under CO, [activation 4] was 21 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO; incorporated [wt.%], based on the part of the polymer formed under CO,: 20.8 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.17;

OH number of the polyether carbonate polyol was 56.7 mg/g;

Polydispersity was 1.40

Preparation of a polyether carbonate polyol in the presence of 68 mg of 2,2,6,6-tetramethylpiperidine
1-oxyl. (Example 10)

The preparation was carried out in accordance with the general preparation instructions, 2,2,6,6-
tetramethylpiperidine 1-oxyl (TEMPO), as the additive A, being initially introduced into the reaction
vessel together with the DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al].
The time to the hot spot under CO, [activation 4] was 15 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO; incorporated [wt.%], based on the part of the polymer formed under CO,: 19.0 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product} to polyether carbonate
polyol was 0.16;

OH number of the polyether carbonate polyol was 61.8 mg/g;

Polydispersity was 1.23

Preparation of a polyether carbonate polyol in the presence of 65 mg of trans-B-nitrostyrene.
(Example 11)

The preparation was carried out in accordance with the general preparation instructions, trans-3-
nitrostyrene, as the additive A, being initially introduced into the reaction vessel together with the
DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al].

The time to the hot spot under CO, [activation 4] was 19 minutes.
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The polyether carbonate polyol prepared in this way is distinguished by the following properties:
CO, incorporated [wt.%], based on the part of the polymer formed under CO,: 19.5 wt.%;

Selectivity stated as the ratio of cyelic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.15;

OH number of the polyether carbonate polyol was 62.6 mg/g;

Polydispersity was 1.42

Preparation of a polyether carbonate polyol in the presence of 52 mg of 2,2'-dithiobis(benzothiazole).
(Example 12)

The preparation was carried out in accordance with the general preparation instructions, 2,2'-
dithiobis{benzothiazole), as the additive A, being initially introduced into the reaction vessel together
with the DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al].

The time to the hot spot under CQO, [activation 4] was 9 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO, incorporated [wt.%], based on the part of the polymer formed under CO»: 19.0 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.18;

OH number of the polyether carbonate polyol was 64.6 mg/g;

Polydispersity was 1.17

Preparation of a polyether carbonate polyol in the presence of 52 mg of o-methylstyrene.
(Comparison Example 13)

The preparation was carried out in accordance with the general preparation instructions, o-
methylstyrene, as the additive A, being initially introduced into the reaction vessel together with the
DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al].

The time to the hot spot under C(, [activation 4] was 30 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO; incorporated [wt.%], based on the part of the polymer formed under CO,: 17.2 wt.%,;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.22;

OH number of the polyether carbonate polyol was 70.5 mg/g;

Polydispersity was 1.47

Discussion of the results Examples 1 - 13 (Table 1)
As can be seen from the results of Comparison Exarople 2, no significant improvement is found in
the context of the invention by using a sterically hindered 2,4,6-tri-tert-butylphenol in an amount of

significantly more than at least a 10-fold molar excess.
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Exanpl e ( datnme rda6idnO @l tBe 6rganid ddditives of Examples 3-12 improve the selectivity (cyclic/linear

value decreases) and lead to polyether carbonate polyols with a low polydispersity. Advantageously,

5  a higher incorpeoration of carbon dioxide into the polymer is also achieved with the additive
phenoxazine (Example 9).

Other organic substances, such as, for example, c-methylstyrene (Comparison Example 13) are not

suitable for achieving the object according to the invention.

10 Preparation of a polyether carbonate polyol in the presence of 405 mg of calcium stearate
(Comparison Example 14)
The preparation was carried out in accordance with the general preparation instructions, calcium
stearate, as the metal salt B, being initially intreduced into the reaction vessel together with the DMC
catalyst and 1,8-octanediol (starter) as a solid [metal salt addition B1].

15 The time to the hot spot under CO» [activation 4] was 15 minutes.
The polyether carbonate polyol prepared in this way is distinguished by the following properties:
CO; incorporated [wt.%], based on the part of the polymer formed under CO,: 20.2 wt.%;
Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.10;

20  OH number of the polyether carbonate polyol was 64.3 mg/g;
Polydispersity was 1.37.

Preparation of a polyether carbonate polyol in the presence of 390 mg of aluminium stearate
(Comparison Example 15)

25  The preparation was carried out in accordance with the general preparation instructions, aluminium
stearate, as the metal salt B, being initially introduced into the reaction vessel together with the DMC
catalyst and 1,8-octanediol (starter) as a solid [metal salt addition B1].

The time to the hot spot under CO; [activation 4] was 19 minutes.
The polyether carbonate polyol prepared in this way is distingnished by the following properties:

30  CO;incorporated [wt.%], based on the part of the polymer formed under CO,: 23.1 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.15;
OH number of the polyether carbonate polyol was 63.3 mg/g;
Polydispersity was 1.86.
35
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Preparation of a polyether carbonate polyol in the presence of 88 mg of phenothiazine and 405 mg of
calcium stearate (Example 16)

The preparation was carried out in accordance with the general preparation instructions,
phenothiazine, as the additive A, and calcium stearate, as the metal salt B, being initially introduced
into the reaction vessel together with the DMC catalyst and 1,8-octanediol (starter) as a solid
[additive addition Al and metal salt addition B1].

The time to the hot spot under CO; [activation 4] was 7 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO; incorporated [wt.%], based on the part of the polymer formed under COs: 20.1 wt.%;

Selectivity stated as the ratio of cyclic carbonate {undesirable by-product) to polyether carbonate
polyol was 0.09;

OH number of the polyether carbonate polyol was 65.5 mg/g;

Polydispersity was 1.27.

Preparation of a polyether carbonate polyol in the presence of 81 mg of 2,4-dinitrophenol and
405 mg of calcium stearate (Example 17)

The preparation was carried out in accordance with the general preparation instructions, 2.4-
dinitrophenol, as the additive A, and calcium stearate, as the metal salt B, being initially introduced
into the reaction vessel together with the DMC catalyst and 1,8-octanediol (starter) as a solid
[additive addition Al and metal salt addition BI].

The time to the hot spot under CO; [activation 4] was 7 minutes,

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO, incorporated [wt.%], based on the part of the polymer formed under CO;: 20.4 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product} to polyether carbonate
polyol was 0.09;

OH number of the polyether carbonate polyol was 63.2 mg/g;

Polydispersity was 1.24.

Preparation of a polyether carbonate polyol in the presence of 61 mg of 4-nitrophencl and 405 mg of
calcium stearate (Example 18)

The preparation was carmried out in accordance with the general preparation instructions, 4-
nitrophenol, as the additive A, and calcium stearate, as the metal salt B, being initially introduced
into the reaction vessel together with the DMC catalyst and 1,8-octanediol (starter) as a solid
[additive addition Al and metal salt addition B1].

The time to the hot spot under CO, [activation 4] was 7 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO; incorporated [wt.%], based on the part of the polymer formed under CO,: 20.4 wt.%;
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Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.09;

OH number of the polyether carbonate polyol was 63.7 mg/g;

Polydispersity was 1.23.

Preparation of a polyether carbonate polyol in the presence of 88 mg of phenothiazine and 390 mg of
aluminium stearate (Example 19)

The preparation was carried out in accordance with the general preparation instructions,
phenothiazine, as the additive A, and aluminium stearate, as the metal salt B, being initially
introduced into the reaction vessel together with the DMC catalyst and 1,8-octanediol (starter) as a
solid [additive addition Al and metal salt addition B1].

The time to the hot spot under CO; [activation 4] was 10 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO, incorporated [wt.%], based on the part of the polymer formed under CO,: 21.7 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.16;

OH number of the polyether carbonate polyol was 66.9 mg/g;

Polydispersity was 1.40.

Preparation of a polyether carbonate polyol in the presence of 81 mg of 2,4-dinitrophenol and
390 mg of aluminium stearate (Example 20)

The preparation was carried out in accordance with the general preparation instructions, 2,4-
dinitrophenol, as the additive A, and aluminium stearate, as the metal salt B, being initially
introduced into the reaction vessel together with the DMC catalyst and 1,8-octanediol (starter) as a
solid [additive addition Al and metal salt addition B1].

The time to the hot spot under CO; Jactivation 4] was 12 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

C(, incorporated [wt.%], based on the part of the polymer formed under CO,: 23 .4 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.16;

OH number of the polyether carbonate polyol was 66.5 mg/s;

Polydispersity was 1.66.

Preparation of a polyether carbonate polyol in the presence of 61 mg of 4-nitrophenol and 390 mg of
aluminium stearate (Example 21)
The preparation was carried out in accordance with the general preparation instructions, 4-

nitrophenol, as the additive A, and aluminium stearate, as the metal salt B, being initially introduced
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into the reaction vessel together with the DMC catalyst and 1,8-octanediol (starter) as a solid
[additive addition Al and metal salt addition B1].

The time to the hot spot under CQO, [activation 4] was 12 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO, incorporated {wt.%], based on the part of the polymer formed under CO;: 24.1 wt.%;

Selectivity stated as the ratio of cyclic carbonate {undesirable by-product) to polyether carbonate
polyol was 0.13;

OH mumber of the polyether carbonate polyol was 61.5 mg/g;

Polydispersity was 1.61.

Preparation of a polyether carbonate polyol in the presence of 81 mg of phenoxazine and 405 mg of
calcium stearate (Example 22)

The preparation was carried out in accordance with the general preparation instructions, phenoxazine,
as the additive A, and calcium stearate, as the metal salt B, being initially introduced into the reaction
vessel together with the DMC catalyst and 1,8-octanediol (starter) as a solid [additive addition Al
and metal salt addition B1].

The time to the hot spot under CO, [activation 4] was 8§ minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CQ; incorporated [wt.%], based on the part of the polymer formed under CO,: 18.3 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.13;

OH number of the polyether carbonate polyol was 62.3 mg/g;

Polydispersity was 1.24.

Preparation of a polyether carbonate polyol in the presence of 81 mg of phenoxazine and 390 mg of
aluminium stearate (Example 23)

The preparation was carried out in accordance with the general preparation instructions, phenoxazine,
as the additive A, and aluminium stearate, as the metal salt B, being initially introduced into the
reaction vessel together with the DMC catalyst and 1,8-octanediol (starter) as a solid [additive
addition Al and metal salt addition B1].

The time to the hot spot under CO, [activation 4] was 8 minutes.

The polyether carbonate polyol prepared in this way is distinguished by the following properties:

CO, incorporated [wt.%], based on the part of the polymer formed under CO,: 19.8 wt.%;

Selectivity stated as the ratio of cyclic carbonate (undesirable by-product) to polyether carbonate
polyol was 0.18;

OH number of the polyether carbonate polyol was 60.3 mg/g;

Polydispersity was 1.22.
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Discussion of the results of Examples 14 - 23 (Table 2)

Examples 16 to 23 of Table 2 demonstrate the advantageous effect of the simultaneous use of an
additive A) and a metal salt B). Compared with the process without these additives (Comparison
Example 1, Table 1), a more favourable selectivity, a shorter activation time and at the same time a
high content of CQ, incorperated in the resulting polyether carbonate polyol are achieved. The
combination of 4-nitrophenol or 2,4-dinitrophenol with calcium stearate or aluminium stearate

(Examples 17, 18, 20 and 21) proved to be particularly favourable.
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Z -39 - Cains 1.Process for the preparation of polyether carbonate
polyols fromone or nore Hfunctional -3%3-starter substances, one or
nore all cyl ene oxi des and carbon dioxide in the presence of a double

nmet al cyani de catalyst and in the presence of at |east one additive

A), characterized in that (a) the Hfunctional starter substance or a

m xture o{yAls! east two H-functional starter 10 substances is
initiallyrntroduced into the reaction vessel, the DMC catal yst being
added to the Hfunctional starter substance or the m xture of at

| east two;Hfu

activati ofi o Dartamyns pRERRireIRhRERfrborpi polyols SPbes 8 mbl Bt fungpiona
al kyl ehe 150xi &@@réﬁ’gﬁt@y@d oo mreaa,lkylwmxai@s and C@b@oﬂmiée iity #ei nsf:ts)en@rof a
one or nore al

otep (a), it DolREMEBOARE pRARALD bplRoTb HaR hERM I I i pibrccd n
al | cyl ene oxi déhabptionally to be carried out in the presence of CO2,

and the tenperature peak which occurs due to the subsequent

exot herm ¢ chem cal reaction and/or a drop in

pressure in thé)rdac-dmeti¢nah siariereqbtiansase Hwixtere et ek, th-ﬁmctiahééG’tarter
bei ng,@Opossi bl e g@l;taéaesg ikilidlly h@dAERHMEL AU VAR HEDMI TSyl Gling adde
t he actl vation, yl ene oxi es an carbon P de

are added to the 9 the ﬁrf@nqt@gqﬂstartggsubﬂm ot the nfiz@ye of at least two H- functlonal starter
("copol yneri zati ogphn bei ng possible for the al kyl ene oxi des

enpl oyed for the copo?yrrerl zation to be identical to or different
fromthe al kyl ene oxi des enpl oyed in 25the activation, wherein the
additive A) is %dﬁf%e’ a{ltl%t Ez?‘t Muﬁp(\%ogéaf PQ&I t'of?jp% vt Q—Hh@ amount of alkylene
substance or t m xt ure o east unctional start

subst &hces and/ or oxifies cagtbiyed méh@m)ctlv@loadrdh@polmmsm@por()f039metcm ntohmalisndme oxides
anount of one or I

Step (a), 30and whera bk FRRsPH-0ERs iom G, @) UG SRSt fin of s
chosen fromthe gpaupnawhef Skileg oaideopkenialiald ke qoredivhdigheprephene] €0», and
catechol s, pyroca LAZINRS

benzot hi azol e, oxglg?n E%IE %ag%@@noggﬁpg?%ogh%;b gﬁaﬁ%rtlrtr%%ﬂflﬂ C%ﬁemlaal reaction
1- oxyl and mtros@lW@ﬁeiSOp in preg@Qre-in the r@xctye s ingacoeadé hfgng&t)vadbthand 113180 being
uher eh Lhe |Pr ePabakibilol e (Rfb bethell o Ry bBRTRLASARERY Mlick DM
catalyst and in t resenc cast one additive ) and in the
presence of at | east one netal salt B), characterized in that wherein
the additive Aﬁ( i §nea&%‘;e £1Q¥1§1{e909 d(e@AndtcgrbBHﬁ1 Ftdrs Hf%%héa{lé‘ he%ﬁ1%}e%sultmg from
substance or t Sm xture o [east unctional start

subst ances, and/ osten (B ("sofiliniopigatih')i ¥ bad@letdmbh feitthpalkylene OdeGS employed for the

copolymerization to be identical to or different from the alkylene oxides employed in

25 the activation,

wherein the additive A) is added in step () to the H-functional starter substance or the
mixture of at least two H-functional starter substances and/or the additive A} is added in step
(8) to the part amount of one or more alkylene oxides to the mixture resulting from step (a),
30 and

wherein the additive A) is at least one compound chosen from the group consisting of
sterically non-hindered phenols, catechols, pyrocatechols, thiazines, phenothiazines,
thiazoles, benzothiazole, oxazines, phenoxazines, 2,2,6,6-tetramethylpiperidine 1-oxyl and
nitrostyrenes.

35



(i) to the part amount of one or nore al kyl ene oxides to the m xture
resulting fromstep (a), wherein the ngbal salt B) is added in step

(a) to the Hfunctional starter substance or the m xture of at |east
two Hfunctional starter substances, wherein at |east one conpound
chosen frémt hBrogcss apcordings icstlaimgl,oF hesdie thecatpayationis birnicteedn the presence of a

i azoles, benoul el SAPEIhER of o ARG Rl AT e gigtncs gt oo

nitrostyrenes Dmreﬂmsaiyﬁucmmtdmacaddhml ve A), and wherein at |east

one conpound ch sen ons f kal i ne earth nme
ol | des”al kal FRECRARY ATHARSA ECHBed T SR L0 TP o Tl CurRbapp e e e
is enp oyed asmixae ﬂéﬁt&éasﬁwbﬂ{-ﬂhcnoﬁﬁ sBrteRubgtasss, aciho it additivoArisadded 2y step

wherein 4-nitr nd o dinit henol is.enployed .as the

oG Sive 2y ancD P Rt o lond st SARICRes e PR B fRe 1 siep
consi sting of whgmasthmmeatmhaB)eLs adéddmmwmpa(a)atoamleH fimgvasl stes bebathideeyr the
cal ci um st ear at e .and k_llrr%usteara e ishsqu?l oyed as the netal salt

B). 20 4. Pr chlggurggg%}taﬁftr{ao By piagprn “to 3, characterized in

that in step (ahertinet Hadt unne: témpoahd slica¢ #om ﬂ‘lﬂ:bﬁd&@l’tﬁ)ﬁsmfng af Bepidally @o@hindered

at least two Hfu ctlon start .ances | n|t|aII i.ntroduc
o TRL | eoct PiBE L Mol potR b e WS ab iy e ot B PG B tes,
and/ or reduced2 pmﬁstsmﬁmtl(ylpipeﬁdmg Doxyl dne nMyfeaésaJ; sejloyed Aethaddditivevs), Ay

and optlonally salt 25B el ng. ed to the Hf i.onal
starter substan 3'318?? ﬁ‘“r?ét MexCHPet fen ?“et HBIHEoF iR ﬁ%g%]éﬂhne carth metal
starter subst ahaidss, aidabiicecemth xaéthledsarlidagladﬁ i AmiHum RafdoefdfcaiCaliglbyed as the
to one of clains i 4, wherein for the activation according to step
(3) (31) in a PFPLY %&ivation step a first part amount (based on the

t ot al I;:nount of the anount of 30 aI kyl ene oxi des enpl oyed in the

activation and,co rrerl on r r | ene o IS
et ¢ o Tha oPRERS e PElRE HaBT b ierel S onheo] gk L RS & qrpfoved as
this addition ok atidivepay ﬁndaatmnaﬁttonafcomlbduﬁy kleen fuh die: @pip @nsibting df@na@ﬁesmm

d out bl t he abse
G, and the B SOCPE (el robise Bpur ST St PR RO i

subsequent exothgoyalas tkeantat adlt B)eacti on and/or a drop in 35pressure

in thg,reactor then in each case being awaited. - 41 - (2) in a

second activation step after the tenperature peak reached in the
precedi ng4act i Pratdsoacedtday, to@ns efeiiths patb 8, &{ﬁmdfa:hze(dhﬁ?d&d irDdtept (a8 tHeQH-Ainctional

t of th t. of al kyl th t t
and copol yrmor i JHEY Ny UBFE B8 "B CHD P STt ey ek AR Rt el

m xt ure resul tinrgdicedinté ke r}ﬂlitﬁ@ﬁdrbﬂ?.g adt watat is @ﬂn@ute&my dldvata@ ité¥@perature and/or
possi bl e for thi j

ddi tiop th .all eyl ene.oxjd
ot onal 1yt o BAREAPIFULE baomen: PRETT sdBNhetts s At opi-gr ey Seppal sl
i n thes absenceBpbeipaddednd thd¢l-fuacpasladtaicg spiesadicd ohale |\aire bf whieaft two H-
occurs due to bse t ex erm cal reaction and/or a
drop in pressu%uggtfor‘ﬁt E?étg?sél %?I’S?q{ Eoé?lor a%‘elétgﬁﬁ]ry@ﬁse bei ng awai t ed.
Process according to claim5, wherein for the activation (3) in a
third actpvati nste r furth activation.s s after
t enper at ullse pe rlgcgsagg gﬂiglt%oq 2015}-‘1&16%?‘“}31?%‘8{‘&‘{}2& |38W’a§f’1éf)°°°r§]ln§;5° AP
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35 pressure in the reactor then in each case being awaited.
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11.

step, a second part amount (based on the total amount of the amount of alkylene oxides
employed in the activation and copolymerization) of one or more alkylene oxides is
added to the mixture resulting from the preceding activation step, it being possible for
this addition of the part amount of alkylene oxide optionally to be carried out in the
presence of CQ,, but preferably in the absence of CO,, and the temperature peak ("hot
spot") which occurs due to the subsequent exothermic chemical reaction and/or a drop in

pressure in the reactor then in each case being awaited.

Process according to claim 5, wherein for the activation

(63) in a third activation step or further activation steps after the temperature peak reached
in the preceding activation step, step (82) is repeated once to five times, this addition
of the part amount or these additions of the part amounts of alkylene oxide being

carried out in the absence of CO,.

Process according to claim 6, wherein for the activation

(B4) in a further activation step or further activation steps, after the temperature peak
reached in the preceding activation step, step (83) is repeated once to five times, this
addition of the part amount or these additions of the part amounts of alkylene oxide

being carried out in the presence of CO,.

Process according to claim 7, wherein the particular part amount of one or more alkylene
oxides which is employed in the activation in steps 81 to £4 is 2.0 to 15.0 wt.% (based on the
total amount of the amount of alkylene oxides employed in the activation and

copolymerization).

Process according to one of claims 1 to §, wherein the amount of the additives A) employed
is from 0.2 to 10.0 [mmol of additive A)]/ [mmol of Co].

Process according to one of claims 2 to 8, wherein the amount of the additive A) employed is
from 0.8 to 4.0 [mmol of additive A)] / [mmol of Co] and the amount of the metal salt B)
employed is 0.8 to 4.0 [mmol of metal salt B)] / [mmol of Co].

Process according to one of claims 1 to 9, wherein as the additive A),

sterically non-hindered phenols according to formula (IT)
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12. Process according to one of clains 1 to 11, wherein the

H functional starter substances enpl oydd-are chosen from at |east one
of the group consisting of alcohols, amnes, thiols, am no al cohol s,

t hi oal cohol s, hydroxy esters, polyether polyols, polyester polyols,

pol yester 25 etdaimes pobdrjinksq fopoilly Célnbaphtexpiicy edcordiqgab femhia(VIb)

car bonat e pol yol s, polyethyleneininesm)polyether-anines,

pol yt etrahydrofitrans, polyether thigls~ polyacrylate polyols, castor
oil, the nmono- or diglyceride of ri i “gfid, nonogl yceri des of
fatty acids, and chemcally nodifie , & and/or triglycerides

of fatty acids and Cl-C24-al kyl fatty gcid esters which contain on
average at |east 2 OH groups per nole e. - 44 - 13. Process (VIa)
according to one of clainms 1 to éé wherein the_double netal cyanide
catal yst enployed contains at |e¢e L one double(ﬂﬁgaj cyani de conpound
chosen fromthe group consistingop O
zi nchexacyanocobal tate(l11), zinc
hexacyanoferrate(l11) and cobalt( hexacyanoecobal tate(ll1). 5 14.
Process according to claim 13, wherdi n thhe doUbl e metal cyanide

cat al yst enpl oyed additionally containsRit |east one organic (VIb)
conpl exing |ligand chosen fromthe group consisting of aliphatic

et hers, et hanotherpigdipthesasesit then-beraaimes according kathe frsmulag ¥ ia) Shesg aw also be the
tertbusanol, 2ZzdRkibmhing1RUWxeRaE 2Rlor 2388104 - 3- butyn-2-ol , ethyl ene

gl ycol mono-tert-butyl ~10ether, diethylene glycol nono-tert-butyl

et her, tri propyhesia igihy ebyvempnbonsd igrmulseher and 3-

met hy1- 3- oxet ape-grgthpanpy . 15. Process according to one of claims 1

to 13, which is. carried out in a tube reactor, stirred tank or |oop
reactor. 15 R' represents an amino, bromo, chloro, cyano, fluoro, iodo, methoxy, methyl or nitro

(rrr), zinc

group, preferably a nitro group,
10 R/ represents an acetamido, amino, bromo, n-butyl, iso-butyl, tert-butyl, chloro, cyano,
ethoxy, ethyl, fluoro, iodo, methoxy, methyl, nitro, iso-propyl, n-propyl group,
R* represents an H or a C, - Cyalkyl group, preferably H or a methyl, ethyl, iso-propyl, n-
propyl, n-butyl, iso-butyl, tert-butyl, hexyl, cyclohexyl group,
R' represents an H, C; - Cyp-alkyl group (for example methyl, ethyl, iso-propyl, n-propyl, n-
15 butyl, iso-butyl, tert-butyl, hexyl, cyclohexyl group), acetamido, amino, bromo, chloro,
cyano, ethoxy, ethyl, fluoro, hydroxyl, iodo, methoxy, nitro group, or wherein the
thiazole and/or the benzothiazole fragments are linked to one another via disulfide
bridges,
and/or

20 a-nitrostyrene or G-nitrostyrene, are employed.

12, Process according to one of claims 1 to 11, wherein the H-functional starter substances
employed are chosen from at least one of the group consisting of alcohols, amines, thiols,
amino alcohols, thioalcohols, hydroxy esters, polyether polyols, polyester polyols, polyester

25 ether polyols, polycarbonate polyols, polyether carbonate polyols, polyethyleneimines,
polyether-amines, polytetrahydrofurans, polyether thiols, polyacrylate polyols, castor oil, the
mono- or diglyceride of ricinoleic acid, monoglycerides of fatty acids, and chemically
modified mono-, di- and/or triglycerides of fatty acids and C;-C,s-alkyl fatty acid esters
which contain on average at least 2 OH groups per molecule.
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Process according to one of claims 1 to 12, wherein the double metal cyanide catalyst
employed contains at least one double metal cyanide compound chosen from the group
consisting of zinc hexacyanocobaltate(Ill), =zinc  hexacyanciridate(Ill), zinc

hexacyanoferrate(IlI) and cobalt(IT) hexacyanocobaltate(ITI).

Process according to claim 13, wherein the double metal cyanide catalyst employed
additionally contains at least one organic complexing ligand chosen from the group
consisting of aliphatic ethers, ethanol, isopropanol, n-butanol, iso-butanol, sec-butancl, tert-
butanol, 2-methyl-3-buten-2-ol, 2-methyl-3-butyn-2-0l, ethylene glycol mono-tert-butyl
ether, diethylene glycol mono-tert-butyl ether, tripropylene glycol monomethyl ether and 3-

methyl-3-oxetane-methanol.

Process according to one of claims 1 to 13, which is carried out in a tube reactor, stirred tank

or loop reactor.



