MVETHOD FOR PRODROEZNGOLYETHER POLYOLS The present i nventhCovEmel246@92
to a process for the preparation of polyithercarbonate pol yol s from
one or nore H-functional starter substan one or nore al kyl ene

oxi des and carbon dioxide in the presence of at |east one double
nmet al cyani de catalyst t he polyethercarbonate ponoIs having a m xed
bl ock of at IMEFHORFORBRGB 2O A Rel Be chain, and to
flexible polyurethane f oans obtalnable therefron1 The pr eparation of
pol yet her carbonate polyols by the catalytic reaction of alkylene

oxi des ( epoxifRSreRNMin%ai A ek b $eprblest & RE %?@ae%oﬁrofeeféemeea%naw
H functional starter substances (starters) has béen studie

i ntensivel y fpotyohofrent ham od Mngre diguriciiogal dtalrtﬂnesub!stames, one or more alkylene

Copol yrneri zati opn of Carbon Di oxide. and Epoxi nmetallic
Conpounds; D%“p?ék%nénﬁ%ﬁ’é?ﬂééd‘?e@?é’rﬁ ce 9 @tyz% 011693915136 TH7al cyanide
reacti on, n QRQ
dlagrannatlcal 3%Fn&%c %%ﬂ%@§%&$ﬂgfeﬁég{§§gﬁgorga%ﬁ%l%% |§g% sﬁ? tgg
al kyl , al kyl aiflerer ozityd ,at eae hendf ofihhe ltheian aatis dlexjbid pelynediemeatoans
such as 0, S, SI, etc., and e and f are integers, and where the
product showrPbfEnabIs thersiae (1) for the polyethercarbonate polyol is
only to be understood as neani ng that blocks with the indicated
structure can in principle be found in the pol yethercarbonate pol yol
obt ai ned, butTHeh@tpdritnsetipepaBercarboies palpdlsitengt ka@fytic headibs i illanshe
t he OH functlonallty of the starter can vary and are not limted to
the pol yet herailes dAaxadesd 9o (cadrp hoxife s&ﬁl@r@eﬁwe oTHiosence é thl-dpnctienal
Schene (I i.cal 0}

(1)) s?ax%f QR G ('héért&%ﬂ Xa@ﬁ%‘éﬁ@hﬁ%@ 1er8?$818‘1‘$1%0}@ th%ﬁ&&?gé}]&

t he conversion o greennouse

carbonate shqusud & aﬁcpegs@yxﬁbﬁza&@n @f Q@fbmwb]eﬁﬁle cad @paﬂf&ie wHer o@anolﬁ):ﬁl)hc
is formed as a further product (actually pr oduct Activation

in terms of t%pwéﬁtDleMalemaol@k@prqCﬁhqmpéﬁg éllf)rE@ti )oii"htsmachon e.g.
al kyl ene oxi de. conpg Qna [ese

fo T he Ve cabmeATPAecRR LEAR, oipoled 0 sRETR SR thately af SeBRED:
i's then intergnipé R4s ardr@MR) dbicalnsueh as alkgl, andyeajn or\éﬂncacﬁ@ﬂuﬂhﬁml:ahms@
hot spot, is observed due to a subsequent exof her ni ¢ chemi cal

reaction, andomppsebetgioatogisopch as Ché, Pbaitt oandj sashEaevetggdsantd ovhenethe

f d d i | T
cotivation t oY s Gk R SREmE DR e HolsrBirshbRett RESRT ;s S e

al kyl ene oxi dgdeRfRA WA dndRidch®aDMockettth Bd inddRtddofialchire ki h‘hﬁnnmple be
presence of CO2, up to the start of the evolution of heat. In

general , the faend ipathe @niygthe{pawnatbeoopmé@b@mdblyutah@ttbp sfquenagy wmgercﬁnd

t he DNC cat al.yst, a naI evat ed tenperatur
and/ or reducé%“%}? gﬂt}ﬁ gfocgshf”% %‘F‘yaﬁggﬂ"’ﬁ Bg? SnApdr ProfarY AR are “not
activation stgpidditd @k BolRihdr&i@bdHaBS S ol sﬂl\b%t inOScheffee( {)Ol‘fﬁﬁt B8R (cf.
copol ynmers from epoxi des (e.g. propyl ene oxide) and carbon di oxi de

has been knowithéme (B) [somlqgmﬁy vVEhusdvahbgeasaepiuse iUSpABE0Y Gk conversion

descri bes the co nmerizati o f car on di oxi de,.and. propyl ene. o i.de
Ui DVE catdibBeeations FRnke bl Thdvaet SOt BroBhdl o in'Serche
substance anqy) clj( :2pibpyiRie cifBhate ‘P(fr REQRY })EIE‘ Forfeti 98 o fﬂrtﬁer e;ﬁ@tﬁk? {acHRd§™
a carbon dioxi'de presSure of 48 bar, 71% of the propyl ene oxi de was
converted af thgrprd@udiours at 35C. OF the 150.5 nmol of propyl ene oxide
converted, 27 nmmol (18% reacted to give propylene carbonate, a
general |y unwanted by-product. WO A 2008/0589%% Ioses a progess
for the prepa§§g¢@mgq/4poﬂﬁgthepeapbonﬁhg f A Rl 0fd
pure allcyl ene oxi deRUnits, especially a bl ock of pure ropyl e

oxide units, at the end of the chain. However, WO A 2008/ 058913

not disclose olyethercarbo at e polyols haV|ng a m xed bl ock_ of
| east two al KYFRBODM HEQSA tﬁ@l\@ﬁﬁ@%ﬁslﬁﬁéepcwawhw ha, aﬁmne%ﬁ&sfalmew

oxide compound, optionally in the presence of CO,, is added to the DMC catalyst

and the addition of the alkylene oxide compound is then interrupted; an evolution of



It has now be&ed2f1euedi4 surprisingly, that flexible polyuPeTHRAI20661S
Wi th an increased conpressive strength agd an increased tensile
strength result from pol yet hercarbonate pol yols having a m xed bl ock
of at least two al kyl ene oxides at the end of the chain ("term nal

m xed bl ock"”). The present invention thus provides a process for the
preparation &fatpothje ket é@ﬂb@nat@twét, yis| absopipd up stocﬂna?l%@éﬂ@li Z&gthpymic

that (i) in a.firs yetherca bonat redfr m
one or tor 6 RPPTISEL FERT e pRF Eop eBune aneal. Tanaedf it PeRrRy KEhab e
oxi des and capbhefsith OXhMteleh® okine aﬁﬂ%@ﬁ@@a@lmoat Th@@ﬁice@rg@epmﬁcmanon is
catalyst, and (ii) in a second step the pol yethercarbonate polyol

chain is ext émapetiod eftirae dioxt theeiddftloatoflt §acttwfoﬁik3rlaree¢wdapwp@m to

mxture of add DR “tlSpPrereBRi AR ree: SR Bedt o T Br bt

step (ii) is o@h’%&tXtI‘rlrgi‘:n&%mﬁé 8tA LB @ﬂéﬁ c@ﬂ%e%édé@edgyo)i s HRYh L he
oxide (EC)) in a nolar ratio PO/EO of 15/85 to 60/ 4 The presen

i nventi on al SaMpr catalgtetsaral ppiwedly therstdrtee ghradehatdi empefatdre esvidlyir ereduced
pol yur et hane foans ¥\1/n ein the s artln% terial .used is a %ql%ol
Corponent edrparint” 8 A RS FB0I) B R U 8RS B he present
obt ai nabl e by, &.REQcess which is characterized in that )in a first
step a pol yetﬂercar bonat e polyol is prepared fromone or nore

H functional starter substances, one or nore al kyl ene oxi des and

carbon dioxide in the presence of t |east ,one DMC cataly éi
(i) in a secOWafosmapen vé BPYECHe 8 FBNAIE b yBPPLARH ﬁ’“i dg) and ittt

with a mxt ur(ﬁo fe s ﬂe%ﬁ% OIdé [ofn " 'gllnﬁy k&@aﬁ?%d% 45@0’9(ﬂ?descr1bes

presence of at east one cata I'n tha e mxture of
| east two di fthecepdlymatriaatienef @xn‘bdﬁshms@ajanmpﬁobgleseomd using[:DMG ¢ata1§sta
m xture conprising propyl ene oxide POE and et hyl ene OXI de é in
nol ar ratio PB/HE efse) Ergexampleoyith, a startgr substansg g il *%r‘%}'ﬁf’l) of

from 20 kg/ \Y ngo

DIN EN | SO g%’é%&i i n%epeggtﬁgélﬁ f on %d%‘%f&@%%?%m&%?%ga %at élg bihe
def or mat i on agfrb@flert bxidy 6¥ae) conSeegl aidr 4Theupr epaseat i @f thé 1506 mmol of
pol yet her car bonat e pol yol according to step (i) .is preferably carried
out by addi ngnr@mée@ro EOTHIERGE, demaal dEX 0 A FRACied rth @Y edTORYIERE carhonaffe 2

presence of en r%ﬁ‘? n@ﬁiﬁe %%E@lj yst, on to one or nore H-functional
starter substances Ccopo rirzation"). For exanple, the process for

t he preparation of polyethercarbonate polyol according to step (i) is

characterized in that a the Hfunctional starter substance or a
m xture of atWKbés?tOOS ¥ diselosesnmprosessr fos the ppembier o1 inolyetiesinangte

optionally wate )EOI gwg okﬁgﬁ(ﬂl}oﬁﬁ &%/},?én%t&{ﬁe%g{r{%g%éﬁgaalﬁrg Hl&ﬁp}ﬂfgure

by raising tHe era ure an

the DMC cat alptspylael axgdadsied at Getde offtiidigiein. ORalveSdraM®IA Z0I330589CE d0Es
the m xture of at |east two Hfunctional starter substances before or
after dryi ng,not disclose polyethercarbonate polyols having a mixed block of at least two

alkylene oxides at the end of the chain.

The object of the present invention was to provide polyethercarbonate polyols that
produce flexible polyurethane foams with an increased compressive strength and an
increased tensile strength. In practice, a flexible polyurethane foam quality
mmproved in this way has the technical advantage that said foams have an increased

mechanical load-bearing capacity.



(3)for activa¥PaW2/183%4 acti on (based on the total anmount P&A/ER2RAZ06HE2
oxi des used in the activation and copol yserization) of one or nore

al kyl ene oxides is added to the m xture resulting fromstep (a), it
optionally being possible for this addition of an al kyl ene oxi de

fraction to take place in the presence of CQ2, the hotspot that .
occurs due tdt 1A% 198h LYy Ende sBIEEIEN: tBHe Pl PRlNEEITGRE dRgneVith an
pressure drop,l e i.ng.al. t MDS L te
al so being pg%dglgag[a% ?O(Ii)lsraﬁ ?%gfea%t?%lffdgﬁ S elpk)l&%ﬁ%dt %ng%g) %ggl(r?%t lég%gllljﬂtt from
several tinegolandrafnate podyds BhKyd emgixeX biieR odndlasrhonlkylond cdday
added to the mxture resulting fromstep (1), it being possible for

the al kyl ene tesenseaf theelepin ('tesmésnl pyxed Joge')i dhapiesant IFvenkien diup Provides a

fromthe al kyl ene gxigdes used incs | 3). o . -
2012) 1630a4P R R B S0 Bt 3toh B BoBcAopafiponls which it sharatised in
sel ected fronnithe group conprising ethyl ene oxide, propyl ene oxi de,

1- but ene oxi de, 2, 3-butene oxide, 2-nethyl-1,2-propene oxide

(i sobut ene oxi de) [(i)1- péntachust giep e poletbersahpriie pokioliés prepared from one or

2-nmet hyl - 1, 2- but ene oxi de, 3-.nethyl.- - but ene oxi de, 1-hexene oxid

2. 3 hexene oxi de. 3, 4. EES TGNl Sk AL b pr ot pfien® 9,
4-met hyl -1, 2- pent ene 0Xhd@arbdn ld¥de i 1 EIABEoLHIER: onkr IDORY &RRyst, and
oxi de, 1-octene oxide, 1-nonene oxide, 1-decene oxide, 1l-undecene
oxi de, 1-dodecene (oki den alsataadistapethepolyzihdesarbonatpmelye! oswmoisi axésnded with

I t i de, | oh id A h id
vl obetent oxi de. | st yreRB bR AL 9oL Y LLSRaRBX ST WoRe ResEFoRe, o

mono- or pol yepoxi di zed; {@tsm@PMRNQralysfli - and triglycerides,

epoxi di zed fatty acids, Cl-C24 esters ‘of epoxidized fatty acids,

epi chl or ohydrand,in ghay chelohixtugl gfcitdedst ther difterént atkybaneroxades meedyd the second
gl ycidyl ether, ethyl glycidyl ether, 2-ethylh | gl ycidyl eth .
STy ol yei dyreodtner s SR SRR E R P i O s s 2
al koxysi | anes,SYCR8P I8 G k% 19Xy RKoPY! tri met hoxysi | ane,
3-g|ycidyloxypropyftriethoxysiIane,

3-glyci dyl oxypropyl tri propoxysil ane,

g:g: ;g: g;: 8§§ rggggsgﬁhg‘%g&l&nﬁy}gé%ﬁ)ﬁﬁgg gﬁqd)rocess for the production of flexible
3-gl yci dyl ox | FSAR QRGP hANEid Abty| /B8 9Xh Yyt SEthdoRent
step (i) ar e%%?e ée%béa@: l{;édgr'%gh;Ep/ul%ene ox?ge zlan%?rcl)r propy?elne Xi‘de, polien
especi al | y priopyparat OXi denprSing abpeydthdroarbodnann ablyst abtaiiabiubygtapoesss
whi ch can be used. are conpounds with H atons that are active for

al koxyl at i on. ViEghisrha@ctsrizet §dBd with H atons that are active for

al koxyl ation are -6H, - I I P LNES)
"t and - 02k - o and PSR £p 3R bons gl S SRR AR or
preferred. Exanpl es of mhbkuddtinaipahl sthadt e@bstants) ane es muwedillaiencomeades

or nore conpounds selected fromthe group conprising nonohydric or

pol yhydric al cohol's, polisades digwidiad thepesanse pf & ledst W%PIVﬁFrP%%)‘Ysts and
al cohols, thio al ol e r S,

ol yol s, pol yest entd her™ Sabuieteit 3F FePruPRaEhaR ool H0i is BRLIER Vil
pol ycarbonat e pol yol s, @lipardfanadaestwddifitanhylkeleat kides in the presence of
pol yetheram nes (e.g. so-called Jeffamne(r) from Huntsman, such as
D-230, D 400, D 2000, TikostompBYecagalyst- 5000, or corresponding
products from BASE h.. h i 3 0Q.,. - T403
T5000), polyte rlgﬁ%ﬁg% mlgtﬁrseoé)tle%/tg%asgé\? é/nﬂji}lﬁe(r% E%Yé%%g%é?:e%gg% ik gh% se8dnd
Pol yTHF 250, @% isL 9 @0x tudOMprishiidBop 8O0 e 2A00And ethyléne oxide (EQ) in a
pol yt et rahydro urgm_ar ni nes ( BASF prodagzlt pol yt et r ahydr of ur anam ne
1700), pol yettheler ritio| P&/ ERaitylaciSytp #0&0pol yol s, castor oil, ricinoleic
acid nono- or diglyceride, fatty acid nonoglycerides, chemcally
nodified fatty acid nono-, di- and/or triglycerides, and fatty acid

The flexible polyurethane foams according to the invention preferably have a gross

density according to DIN EN ISO 3386-1-98 in the range from =10 kg/m® to



The H-functi dMaR0S{18¥%€ér substances can al so be sel ect ed HGlgHzp 060102
class of substances conprising the pol yegter polyols, especially
those with a nol ecul ar wei ght NA ranging from200 to 4500 g/ nol. The
pol yester polyols used are at |east difunctional polyesters and
preferably consist of alternating_acid and al cohol, units. Exanples of

D8 - acid compdhk#ms. Rigisebiy Bomyze kg e 170 ke A rmpTRivE drength
anhydri de, adi.piG: acGi i nh | de, .. I & PE

i sopht hal i c g‘c??“gamgce\tbg%ﬁfﬁgﬁ?tg B8 Sk ?f%hlﬁgé]%g‘ﬁﬂmﬁkg% g =20 kPa (at
t et r ahydr opht4oed il cfomhiodrafides™ bexghydr opht hal i ¢ anhydri de or mi xtures
of said acids and/or anhydrides. Exanples of al cohol conponents used
are et hanediol, 1,2-propanediol, 1,3-propanediol, 1,4-butanediol,

1, 5- pent anedié%(la .neopentyl glycol, 1,6-hexanediol,

1, 4- bi s(hydr ‘hyl') cycl ohexane, diethyl ene glycol, dipropylene

gl ycol, tri metheyjrepRiapesehe goleticfarbopdtRefoy bbédréial @ ktefi(liv pesteably
said al cohols. |If dihydric or polyhydric polyether polyols are used
as the al cohcﬂaﬂiﬁdr’r@dné‘ﬁtﬁlﬂdiﬂj\élWs@lemﬁ@ﬁkwey@liéesaﬁ@ ehiban nisekidhi @hthe
can al so be used as starter suhstanc for preparing th .

ol yot her car BRSPS BhID AT off Tty FaRgrabrat; B, 56 TP yadimstiopd) yaie
of M, = 150 sh@st%@@@(‘%?@&mbﬁza@ibﬁmre t he pol yesterether polyols.

O her H-functional starter substances which can be used are

pol ycar bonat e pol yols (e.g. polycarbonate diols), especially those
with a nolecular weight M, rapging from. 150, t 00 g/ nol, .
b ef ey ably. f oInesP Lol Syt g e HRPERIAY of B EFebetely befyol according
reacting phosgens.()d dBtlvdicaibaaat e, diethyl carbonate or di phenyl
carbonate with di- "and/ or pol yfunctional al cohols, polyester polyols
or pol yet her (pbl ychs H-fixaiqlaé stagtr pdisiaose boaatistuypo bl of kast dwoldé-fiminodal
e.g. in EP-A 1359177, anpl es. of pol y-car bopat e di ol ich.can be .
used are various t%@%%srt%@%ptﬁ]é%(? d eptiqna g&%@“@fﬁﬂﬁél@%ﬁ@@me
AG such as DesmORBgRidCarblAfhRied B8 MRARENGE JeGpd2Qf ahdofRRIREH:
enbodi nent of the in ent(ilson, pol ygt%fcar b%nat eelp | yol sacag be usegd ©
as H-functional stmedser (SdigsipdndesDMIhentgdpsitbeingedded toahatefupctignal starter

obt ai nabl e by the process according t t?e i nvention descri bed here,
after step (i), stW¥pstioe) ey of fit leask tyye ld-Thnptigagl platierapubstances
These pol yet her car&@&gbfaﬁgl hg used as H-functional starter

subst ances are previously pr‘%%a ‘ed for this purpose in a separate
reacti on step) ThefoHadtivation,enfthct®mhabised oauhs taacasowe né nkklleyie baides ased

functionality (i.e. punber of H atons per polecule that are active
for polymerizatiori} B apfptign adeqogpiaBieizgion adrong orpRererplkylprg pofas is
starter substance I L di A/ I L, X

east two Ffunoti'sng (RE PRk Reuldit A RD () X o Rp B bhE pEestlc s
H-functional st ar ttars sldbhasfcasalayenabebdratiofn tgesermhcd iarthulpaesehde) of
HO (CH2)-OH(11) where x is a nunber from1l tg 20, preferably an even

nunber from 2 to 200 eharhetwst drat Aeewrdius tof theoyubsraent) gyothgraic chemical

et hyl ene gl ycol, 4-hut i 6 i ol = i 0l .
1, 10- decanedi ol a#ﬁacﬁaﬁ agg)g)g&gé%sﬁegi(%?Qﬁggf]%grrgécg#re? énr ?eelgg IE—F%%% |%1r[?5]1de’
starter substancesndriealeedp@ppyksilglk Yeiothe attivaieh RbBploda@esied out several
gl ycerol, pentaerythritol, and reaction products of the al cohols of
formula (11) with tveepe®l actone, e.g. reaction products of
trimet hyl ol propane_w th_c-capr.l n | Of oduc f_ql 2r.0]
wi th Ecaprol a@foneongnc{ ‘Pé%e@?@%negg%@ﬁsg%‘ I%J g%%p%%%)géﬁl?%r |dfdg‘? t(\)Ni %ﬁ'gxtgre
c-caprol actone. Qgailtik fr@ﬂiogtélp@,l it BEiAE poEsiblY 7oL B GlglanBioklieRsed in step
preferably used are water, diethylene glycol, dipropylene glycol,
castor oil, sorbit@to @ndel}j@av@mérffqmt%nsthmlw opfdep aprsaniskeg (B)-
pol yal kyl ene oxide units. Particularly preferably, the H functional
starter substances are one or nore conpounds selected fromthe group

In general, alkylene oxides (epoxides) having 2-24 carbon atoms can be used for the

process according to the invention. Examples of alkylene oxides having 2-24 carbon



The DMC cat al YRPZP¥ 46t ai ned by a process in which (a) FGTERQIFI6PLR

step, an aqueous solution of a nmetal saltsis reacted with an agueous
solution of a netal cyanide salt in the presence of one or nore

or gani ¢ conpl exi ng Iigands e.g. an ether or alcohol, (b) in the
second step, the so

" arated 0 suspensi on obt ai ned iq
Y Chy fnonn 41485 bl of IR SRR PR A BE Bt BRPBRTE Stigfene
optional 'y, idkide, tftbpfeid 6Ride! NDutctR! Bigd 39!butknk SoM@&S r@ﬂw‘!ﬁy‘l-ﬁ 2hropene
aqueous sol ution of an organlc coaneX|ng Ilgand (e.qg.

resuspensi on exnde tikdntene- osdd)at insntehy oikide 2 p@mermromée;wr infetiyhd j2emjtene
and (d) the soL'd obt ai i S then dr opt i, after

pul veri zat i or?* %’W%@’Pigd?'i cg®HeFa 1%9’“3? %8‘3 aﬁlé Shggogfe, 3,4-hexene
pressures ger@mé Izym%ypl b gihe toszldéoaqﬁéthﬁrﬁ@%uﬁt@né 5043, ?igg{ge.é,zgsr}ﬁem

or nore organi c conpl exi ng 'l i gands, preferabl’y’in excess

t he doubl e neixade, ¢ lmpicde omdnpbuctdl)e omdd lepdnicon ekidy, lotdvene oxidp) leundegene
conmponents, bei. added in t step or, immedi ately after the
precipitati orPX(’J =t1hg %ﬁ‘fiﬂﬂ 8}‘12’%1% ﬁ%%oéﬂﬁpéﬁﬂﬁ’@nﬁ’ JBeusfles ccyplppentene
For exanpl e, EoHE: AR AL tyOlondilife GRUAT LARIRLEEIADI N oxide,
excess, base n t e neta cyaﬁlg salt, e.g.” potassium

hex acyanocobahethyle()yr@nabxpm aisheloxidexaoyanegobabbatized fas a8 x@foqnrid and
or. tert-butanol (preferably in excess, based

di met hoxyet hane, (g ]

on zinc hexac,i?g}ﬁﬁ%lﬁ%’ésl earEized fHgn2adr ei-fer teﬁ'@fss:%p@%f%df Sithye @cids,
Met al I

e 2 SR AL TR U 0

sel ect ed fromlydiéylmethat, CathydnsyZrglycifhg” ethidk, 241lylMalycidob ZetherSERd  GRcidyl

Pb2+ 2+, M preferabl bei ng Zn2+, Fe2+, Co+_or N 2+ and Cu; X are one
or nore (i.e Mghagyp nta)ldam%}‘r@n%%ﬂﬁeal&%yyﬂws Pl s seEleidyloxypropyliri-

h Iq
;[ ogi g ;;) tjphf,g;méit}l%g}gﬁa% ﬂ glg'éldglox%%o%*lﬂ%ﬁ%oggsﬂat%g nghj]dcef)%(?{ﬁg%%éjyﬁhpropoxy-
i socyanat e, isslahd)i 08yshvadEoxyRaPYENMthAtBrectRNabiddmR, a 1@1:{515,1@;{@%0?},15&3@1_

when X = sulfate, carbonate or oxalate; and n is
hydr oxi de, céff %ﬂ@?é’ﬂd@yﬁﬁ‘éﬂﬁéoxmpmé%m@OXV%b@Qaﬁb@ alkylene oxides used

:c 2?tmjh: gczli’:l{l/)atlﬁ SPeE) (B'atré &Ie?erab?)r/ eéﬁ”ehg glu%e qg&/%r prsc)%lyltel%e Q}%\c/ie, egpecnalﬁi propylene

oxide.

Suitable H-functional starter substances which can be used are compounds with H
atoms that are active for alkoxylation. Examples of groups with H atoms that are
active for alkoxylation are -OH, -NH; (primary amines), -NH- (secondary amines),
-SH and -CO;H; -OH and -NH; are preferred and -OH is particularly preferred.
Examples of H-functional starter substances used are one or more compounds
selected from the group comprising monohydric or polyhydric alcohols, polybasic
amines, polyhydric thiols, amino alcohols, thio alcohols, hydroxy esters, polyether
polyols, polyester polyols, polyesterether polyols, polyethercarbonate polyols,
polycarbonate polyols, polycarbonates, polyethyleneimines, polyetheramines (e.g.
so-called Jeffamine® from Huntsman, such as D-230, D-400, D-2000, T-403,
T-3000 or T-5000, or corresponding products from BASF, such as polyetheramine
D230, D400, D200, T403 or T5000), polytetrahydrofurans (e.g. PolyTHF® from
BASF, such as PolyTHF® 250, 650S, 1000, 1000S, 1400, 1800 or 2000),



M (X)3(1V) wheP&IW(HF¥4%el ected fromthe metal cations Fe'tCTAR2012(8§0102
and Cr"- X are one or nore (i.e. differemt.) anions, preferably an

ani on selected fromthe group conprising halides (i.e. fluoride,
chloride, brom de, iodide), hydroxide, sulfate, carbonate, cyanate,

t hi ocyanat e, | sot hi ate, car e oxal .at d

i trarenr PO fualind BEXEE M Bonretni i dratidit 47085 poty
is 1 when X Zaligthidle, pdhadiaxe dRlydtar Qewy loftt @icifotddakR, mbhb-o6Y an@®@ride,
i socyanat e, isothi ocyanat € or nitrate, or suitable netal salts have

general for mfhity (a¢)d MM)gb(cwdmheqhemmalls wellidiet ethttyr eerdt tionoret di and/or
cations M4+, e di fferent %f—) ni.ons
e

- X ar
SRRDMRRAET) At L L R ek AT Y RS R ARG ARG TP
fluoride, chl®fiftepsHepHoiRuld Otltees AWEEP%EAR, - @gqlaﬁlﬁg%steﬁ%%ﬁ%l%’an

cyanate, thi ocyanate | socyanat e, |sot ocyanate car boxyl at e
oxal at e and ravtragt ef asldast Zzomgmuz(s pesmbicatle, are acthorat @lyoavadxiadt pta@iucts

and s is 4 when X = hali hydgoxi d C boxyl at e, \
thi ocyanat e, S'§bdFahdtrancl; 5 ffeocgy)%gﬁef\g ﬁw%t%@ewﬂ%ﬁﬁg&ﬂf’% (Hebam

salts have geBElHentiiMhbr)VakouMgPes GY'Shvermol® (Cognis Deutschland GmbH &
Co. KG) and various types of Soy01®TM (USSC Co.).

Monofunctional starter compounds which can be used are alcohols, amines, thiols
and carboxylic acids. The following monofunctional alcohols can be used:
methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butancl, fert-butanol, 3-
buten-1-0l, 3-butyn-1-ol, 2-methyl-3-buten-2-0l, 2-methyl-3-butyn-2-ol, propargyl
alcohol, 2-methyl-2-propanol, 1-tert-butoxy-2-propanol, 1-pentanol, 2-pentanol, 3-
pentanol, 1-hexanol, 2-hexanol, 3-hexanol, 1-heptanol, 2-heptanocl, 3-heptanol, 1-
octanol, 2-octanol, 3-octanol, 4-octanol, phenol, 2-hydroxybiphenyl, 3-hydroxy-
biphenyl, 4-hydroxybiphenyl, 2-hydroxypyridine, 3-hydroxypyridine, 4-hydroxy-
pyridine. The following monofunctional amines are suitable: butylamine, fert-
butylamine, pentylamine, hexylamine, aniline, aziridine, pyrrolidine, piperidine,
morpholine. The following monofunctional thiols can be used: ethanethiol, 1-
propanethiol, 2-propanethiol, 1-butanethiol, 3-methyl-1-butanethiol, 2-butene-1-
thiol, thiophenol. The following monofunctional carboxylic acids may be
mentioned: formic acid, acetic acid, propionic acid, butyric acid, fatty acids such as
stearic acid, palmitic acid, oleic acid, linoleic acid and linolenic acid, benzoic acid,

acrylic acid.

Examples of polyhydric alcohols suitable as H-functional starter substances are
dihydric alcohols (e.g. ethylene glycol, diethylene glycol, propylene glycol,
dipropylene glycol, 1,3-propanediol, 1,4-butanediol, 1,4-butenediol, 1,4-butynediol,
neopentyl glycol, 1,5-pentanediol, methylpentanediols (e.g. 3-methyl-1,5-pentane-
diol), 1,6-hexanediol, 1,8-octanediol, 1,10-decanediol, 1,12-dodecanediol, bis-



where Mis saF@etds¥ dm the netal cations M6+ and We+; PETAFE013H&0147

nore (i.e. different) anions, preferably7an anion selected fromthe
group conprising halides (i.e. fluoride, chloride, bromde, iodide),
hydr oxi de, sul fate, carbonate, cyanat e, thiocyanate, isocyanate,

i sot hi ocyanat car bq ate, oxal rate; when X =
sulfate. car BB ?wﬁfﬁ@a@gbaﬁﬁ% i€ BT ro e stz

car boxyl at e, C \Y e
nitrate. J@% p%ﬁaeﬂ?}gt&o SUI b%%ngf@;éﬁk giasi P ?Q%ﬂryé&%l %2&%% 127??13 é(?ne
zi nc brom de,gl;mohciaaimfoplﬁenez glyco]a,cdtbmntyéenezghycolaqnetyjahafmbogm@és), iiilmyeiric

benzoate, zinc nitrate, jron sul f iron(l| bro iron(ll)
chloride, ir&Honpks)( %N&me&%‘fgolewa%@ Vserelh|t8§iYéégxye% 1§06V4r5urate castor

thi ocyanate, JhCkabildi. ﬁgqlﬁ) cﬁ &?%?%ﬂ%a%%t Ff)l g%lygl'c&@ gef g ! dordif ahé{?toi,

possi ble to usé&€ m xtures cyam

sal ts suit ablsecibsd, garepaktanth hb@ro@&bﬁb& ece‘mﬂ@le @ylaﬂbstbe hgmg@aquhydroxy-
preferably have general formula (VII1).: ( MO (CN)b (ai)c(VIl) where
MO is sel ect ddndtiosahizsddaisrangwils, %@@camllyb% %I%l),fqné (Y o e products of the

R e G e

preferably being one or nore netal cations fromthe group corrpri si ng
Co(ll), Co(lll), Fe(Cll), Fe(lll), Cr(III% lr(Il1l) and Nl@ﬁﬁﬁ Yis
sel ect ed fr orklerfactional starest ambsta@@@c)m atsodin seleeteg dipupthe E‘mb@tances

Bese, noo. canprSigentie ittt it BRPGRIE T PCuRTTL RelEhE Sl One
fromthe gr ou@ngi%r%msl(ﬂgtohm(]odgﬁlo( | PRferfddusdlydiier pohioly drf€hosb m@aﬂed@, of

i odi de), hydroxi sul fate, carbonate, cyanate, thiocyanate,
i socyanat e, |rsmahhg)@§halﬂa@ @md@aanlddxym@r@ oxadd wits, predtrally veifhda prapedios: of

da, b d t h
fhat i he oot s @y Bk el M Bl ERe Farfy Ry Retaro B s BRTRALSGH
preferably 1,502 fOO% of; rtﬂ:y‘lélemﬁtﬁeeﬁﬁ@ YTﬂey SarPbe BandemPEHoBMARS, Verhdent
the value 0. Exanpl es of suitable netal é;}r;@de salts are sodi um

hexacyanocobabopelyaers p) altgroetans pufmifnétx@w s)bﬁleﬂafd@(el oHijle apdtraspylens
et B LS PR ARCAE G SERES LD o
and/or ethylene oxide units are the Desmophen Acclaim®, Arcol®, Baycoll®,
Bayfill®, Bayflex®, Baygal®, PET® and Polyether® Polyols from Bayer
MaterialScience AG (e.g. Desmophen® 3600Z, Desmophen® 1900U, Acclaim®
Polyol 2200, Acclaim® Polyol 40001, Arcol® Polyol 1004, Arcol® Polyol 1010,
Arcol® Polyol 1030, Arcol® Polyol 1070, Baycoll® BD 1110, Bayfill® VPPU 0789,
Baygal® K55, PET® 1004, Polyether® $180). Examples of other suitable homo-

polyethylene oxides are the Pluriol® E brands from BASF SE, examples of suitable
homo-polypropylene oxides are the Pluriol® P brands from BASF SE, and examples
of suitable mixed copolymers of ethylene oxide and propylene oxide are the

Pluronic® PE or Pluriol® RPE brands from BASF SE.

The H-functional starter substances can also be selected from the class of substances
comprising the polyester polyols, especially those with a molecular weight M,
ranging from 200 to 4500 g/mol. The polyester polyols used are at least difunctional

polyesters and preferably consist of alternating acid and alcohol vnits. Examples of



- 14 - pPrefer¥@dddet¥e netal cyani de conpounds conpri sed GHERHE/6RAG2
catal ysts are conpounds of general formulga (VII1): M[MO xo
(CNy]z(VITl) where Mis as defined in formulae (I11) to (VI); MOis
as defined in formula (VII); and x, x0 , y and z are integers and are
chosen so that. the doubl e tal cyanide copnpound is electronically .
neutral . Pr erGHgRongts uged 5§ sudeiic pcid, gra Qg 3l gy, ffpacia
Fe(I'1), Co(l Iphilic Ninbldad MO i 0kbitmalichedd | ekephftlatik ! dclq, Abtranydro-
bol 1) . Exanplr)[els of su#’taﬁ’?ﬁggubl e Heta c%/{'gniﬁge’ coergpognlds a%’ are” 0
zi nc hexacyamphdabal teatie(fetrbhydraphticalice xabydaiie] r hakahglrophthalicz i ambiydride or
hexacyanoferrate(ll1) and cobalt (1)) hexacyangcobaltate(lll). O her

. (

exanpl es of JUKiUE & aslasids angtoransiaided L tampI U R cahahc PSS dised e
in US 5 158 0 U ek 29 1- 1t is LGl anl .
preferable t %%ﬁagé&gil’ n%g?g%égﬁ%’cog’gl%rgfggf ?ﬁ’) .1’4i:ﬁg{ag%dgi§hi é :Stpentanediol,
conpl exi ng | ingapshsylagides!, iin6-h&anpdiepar, athisghydadxynhehDdocloas ahy s Uktiai@e
disclosed e.g. in US 5 158 922 (cf. especially colum 6, lines 9 to
65), US 3 40&hrob dipygprdespelysysirmghdopropagaglyemlapadeprghgtol ppojxtpges
708, JP 4 145.123, . ) E
exanpl e, wat gorf js %@ﬁ&%@éoﬁggﬁ%‘%& SEE%@“@ %v?l%? ﬁeﬂﬂegﬂ e oasécg‘r?régéget%%ﬁ% %Ié: ofd!
oxygen, nitregepongRopEbestatsther psiyblkUire oBaiek wiaigh foak MieorPLEeSs Whiltdt
t he doubl e netal cyanide conpound are used as organi c conpl exi ng

| i gands. Pr efsebstenges dofaprepacegnphe ppivgthpicgdanate 0d$. cdhat preferable to use

| dehydes, k h S , ' e ur ptril l.fi,d
and mxtur es TORNRTRGPRAR Ol M2 10 SRR ef Falo drGRy P bblvpn Eimepbrioites

| i gands are aliphatic ethers (such as di net hoxyet hane), water-sol uble
aliphatic alcohols (such as - 15 - ethanol, isopropanol, n-butanol,
i sobut anol , débetiangionat gatterrybstaades vhigkecdnybe Bsedtare galyRarbpnaiggolyols

2-net hyl - 3-bytyn-2-0 bot h_al i tic.
cycl oal i phat it EeRer a0 R AN e e ot Byt uiisbr B rfeitt from
et hyl ene gl ycgh 15300 tehbl; Brérthbietieh s0dit@bbyd gﬁl%lﬁ{w}ﬁﬁtﬁ'are prepared e.g. by

nmono-tert-butyl ether, tripropyleéene glycol nononethyl ether and ,
3- net hyl - 3- oxeacting phodyana|dmetiy sarlnate, digtta kyrbpnas¢ er diphierodl ganhbmate with

conpl exi ng |igan ar el ected from ane or e Cco unds. fromthe

ar oup. compr | S HEEHBRy BOHE o ReP R B ABICI or Poediar potyols” Brariples
2- et hyl - 3- bufrepiveaonaté- Lar BetRZe. 8l in Eh-AY] $9879! ¥x@khples of poly-
nono-tert-butyl ether an - met hyl- 3- oxet anenet hanol . Optiagnal ly, one

or nore conploastiongtecidotpoviacit sanf bonsetvee Faidwevyreg ofIRsseshaf® Cdmpo Bags

ol yest ers. PORSRASEaRG G Bhiey Meghee gt 4 bl or Rubob e g 2
pol yal kyl ene gl ycol glycidyl ethers, polyacrylam de,

pol y(acryl am de-co-acrylic acid), polyacrylic acid, poly-(acrylic

aci d- co- nal eils aactheh) embaliyact off thaiitventien, qodteftedréaybonater pdlpdlesan be used as
pol yal kyl rmet hacryl ates, pol yvinyl t hy her, pol yvinyl eth

et her, pol yvilﬁ%ﬂcﬁe’alﬁa&ﬂ SEPSACH | Taeas ﬁ}eﬂﬁa‘?%ﬁ%ﬁih@gwmﬁled%&e
pol y(N-vi nyl <l ] = co-ackvl g i d) \
Dol Y( 4 vi nyl poscal JC-ORERE R 1RE flenfioR Blitlne R Y e B HieR, (0P Hep G
pol ymer s, polayalhdedlie peitichilaesThesalpelyethamiathoand poblob wednhdfunddonal starter
copol yners, hydroxyethyl c¢ellul ose and pol yacetals, or glycidyl
ethers, gl ycosbyignges prgpenousixriseagd futhis UROSHE 3 epafatcreaqtionisisps
gallic acids or their salts, esters or am des, cyclodextrins,

phosphor us conmpounds, (0-unsaturated carboxylic acid esters or ionic
sur f ace- act i VEheddfptiodsl. stdrtee kabspdiicys génrdllfehalé afinaioalitgf(i.é. iimber of H
preparation of the DMC catal ysts, .the aqueous sol ution of the netal

salt (e.g. ziaRmepirerolaayic thasan achvefosipelmsrartiqr oéx dedspretratleaki ond
mol % Dbased thetl-li]—%r?le%gél s‘f’e%%? 'sg?estq%%!est z%re El?%%eiﬁﬁgpﬁ{dg\gslﬁaﬁg & agfa 1y {u\?\% Eat

salt to netal ‘cyani salt eas reacte
least two H-functional starter substances.



- 16 - The orv&%ﬁ?%ﬂg%’%l exing ligand can be present in tﬁgTéFd)ﬁ%%(?gomz

solution of the netal salt and/or the ag@eous sol ution of the netal
cyanide salt, or it is added i mediately to the suspension obtai ned
after precipitation of the double netal cyani de conpound. It has been
found advant O M. X ut | It and
motal oyant ddrated Bl a B EP el St B ol TR B8
agitation. Optionally, the suspension forned in the first step is
then treated with anot her conpl exi ng conponent, the latter preferabl 3/
being used in a mixture with wat d&O4aH2)erfani ¢ conpl exi ng i gand. All
preferred procedure for carrying out the first step (i.e. preparation
of the suspension) involves the use of a mxing nozzle, particularly
preferably ajile di SPEMBIbASAHESICHd RO phdferblyAud bl 39883 berd RokNe to 20.
second step, the isolation of the solid (i.e. the precursor of the
cat al yst accdidimpiest of aheholavehforonia f(Hprare kéhydanspglnedlon .4-butefiddedt deb-
by known techni ques.sugch as ntrifugation or filtration. |ln one
pref erred en&@ﬁ?ﬂﬁg’r‘l’g’,l’ ﬂ@tapgfg&aﬁég‘%gweglql §n‘5 ﬁéh 5%@8&0¥'n8@ef Prefegred
process step,yWiddlofl R ABstERY bidR 0161560 ARMEHSRIMPLEAIN Glycerol,
ligand (e.g. by reguspensi on Sandet hen ?ﬁ{einiyo%a)&gn by fc’ligjlnl?rgt ieo% yc??ro
centri f ugat i grhtaerftiirgolpedods raattigpo gsodalces ef ghe tabcahelsove fomtda -($101 with ec-

by- products, such as potassiumchloride, fromt catal yst.
Preferably, tHE© t °dF TGRE BrdyRp) %@(it%‘@g‘]llw@gﬁﬂpqnﬁ %’Hﬁ sGRREBlastone,
wash sol ution.ls. .he 4 : b t . i on.
Optional ly, gﬁéoc'?lﬁgr fJ1\(,:(\%% egf ﬁ%g%eg%p%?nt%@agﬁg?cg%a%%di irjiéatél l%égégg%&y of
between 0.5 grdtabryitrio] Wals edapoldctoaet Glthdr F-Ginetibnal startsr sauddedcdsoviibieare

aqueous wash solution in the thjrd step. It is npreover_ advantagequs
to wash the idefFRbboissdaravaishaligthranoaiyecl, mipenyieas gjycoh cpstpipil, sorbitol,
washi ng step - i I L sQl:yt | of the
unsat ur at ed fl%ggé?}'le{h%reﬁ%&&gg& rd gg g&%f‘@%%ﬂ%ﬁ%?ﬁ O?Jé&bltﬁsng ation by
filtration or centrifugation) in order e.g. to renove water-soluble

by- products, such as potassiumchloride, fromthe catalyst according
to the i nventhagiculashy prefgrabin yther Briwneinnal stMter o phsHOCesT are opp or more

unsat ur at ed [ e S df j

wo based oncatids SreE ARG DaRE Sutcle IREIE PR AR
ot her washi ng,spapanddol2)l,3-Bithkaiol} ha-thitartiohas Bipagtasédipl, 2smepeaipate-
one or nore tines, preferably one to three tines, or, preferably, a

non- aqueous sed-didl.oneopeniyl ghycal. xt.tnbexwediph| diethylenefelysedadiprapylege glycol,

al cohol and t her l.exin 0 ngnt ref Ly in r

pet voon 0.5 ani-Etu iRt e B Rt By R o
step (c-2)), pobyetteGoddl Hamgasde §pldftd 8N 2nd-Hifensiohaldsthrter aBHekLe and
therewith one or nore tinmes, preferably one to three tines. The

i sol at ed and roppilensaeige @as edosti-Hafupetiqnak ptader slstangss ipsrpadang oxidecgnd
pul veri zation,, at tenper [es nerally of .20 to 100C a t .
pressures gendé]?yi?r}eyo’é e'OﬁHWS}ﬂﬁ] '§S kyr‘%ﬁ Pbef"éFg‘élH?%a"% 10 i@q%t‘)lgarr) We};&h t M,
preferred pr %@?ﬂg &ofi062 ks M5 LAd] LHE a BiketRahiak BT S0 3¢ esfedialy alifolefgar
invention fromthe suspension, by filtration, filter cake washing and
drying, is desdgitdderangingdrom 62 1B80MYg/mst efunctipyality of Btosdh (i1) of a
preferred enbodi nent of the invention, a mxture of ethyl ene oxide
(EQ and propyl ene oxide (PO is used as the mxture of at |east two
di fferent al kylepQyaxedeSondtd§olRlAkd ?febﬁ’re&) @ @eu&ﬁﬂgﬂid‘ a8di8Bn (dfl darbon
being from 15/85 t0 60/40, preferably from 15/85 to 40/ 60.

Preferably, tdiexifokyédtlketaparaoizaton tpdiyaiciond stdrter sgbftansas. strefpmhs iof the
conprising a termnal_nxed block of EO and PO, haye a propartion of
o Tty 06 grBUBGoBs HouEgas ol vitepiind Burmeeipd e r el T ot sBons e

50 nol % The ﬁ&@&lé@@ﬁ%er@og{pgﬁnm%?%e%%(ﬁr Qlksaﬂlaécﬁﬁst t wo

di fferent al kyl ene oxi des, pared in step (Il I's preferably 2.0



Preferably, the2p3{¥¢er carbonate polyol s resul ting frofdBOE009102

conprising a mxed block at |east two al kyl ene oxi des, have a

hydr oxyl nunber of 20 ng KOH g to 80 ng KOH g, particularly
preferably of 25 ng KOH g to 60 ng KOH g. Step (H): Optionally, the
process accorgl to the-.inventign tor the preparatian of ) .
ol yet her car BovGe s B ofes Eh e, Rk, b@lnobuBAERRR b, Beles miretapym in
(iii)the chaiptinefpld FonPahy efhier sRERORAL RfPOfoY AUxaMipld) USIATE Bak 109 Xed-A
bl ock, resulting fromstep (ii), is extended with an al kyl ene oxi de,
preferably wix¥29108pliSend Bhli e amd 634y F emROBRI daViCpeutalystudienctibed e.g. in

i do. bl ook Aoy S FETSEREA (P ofO ST RHaTS: ymBa BBHE, Ry 8aE0se,
oxi de units, wWaydg/rgaliar kid PHed 86abb ke 3:8vé’rlyk31‘ﬁ£f‘eac9¥iit}deinu@li1é Shomo-
based in each case on one OH group of the polyéthercarbonate polyol.

The reacti on mboontianog D esdxeqes(dndi gnabrrpdieticamolyets @ube pregared wittheery
presence of I?IVC caiyal {Osts or. el gﬁ_ in the Rres,ence of acidic catal ysts
(such as BF3)O¥°2B5S} LCERIEANPRT 2RIV AT K85 )iROHT Brepgighy no Jngeppegsisgty to
t he reaction i ol ) il e At gl :

of a DMC cat §I S@g@g@%@gﬁgp@g} Hgn%%%ﬁ%o@g?dé %Eﬁi ﬁ\%%??%%fﬁ%gﬁ Ehly
al so provi desaciied PMAO exatadyskodacabablny BPsA d00P49 swhghairt edditicrato mdoabie
bl ock of at |east two_al kyl ene oxides, preferably a tenninal m xe

d |
bl ock of et hylgfle B3R ¢astouad d(%$ opyice hexasxaweohatieye(lp} gy 4p| greanic
the nolar ratj L EO L Sh A / 4 f :
to 40760, 1| n STByE i [GE ek, Ao tmyBicE; £pBhEe! WA 4hiiber
pol yet her car hoaagenptdcyiat sreipbnprchtet thgn 300 @mmlnal m xed bl ock of EO
and PO have a proportion of primary OH groups of 10 to 90 nol %
particularly preferably of 20 to 50 nol % Preferably, the invention
provi des pol Hﬁf@lr I.Si a termnal m xed bl ock
of at |east %/ﬁ}tg al Ky aga%%f)%gg@’n%g% (r:él C éé:'lrs?sfzne 1?’1?1 that the nean
| ength of thea) ennhafitst Bieyesh Blueoks aflutdin dbasital valt i dehaid Mithahkiuens
oxides is from2.0 to 20.0 al kylene oxide units, particularly _
preferably fromspluiopooi @ metyl igyraide )i We thenpresencaefeans w1 azele erggnic

on one OH WO 2cht’é{%%’?’g%ﬁgﬁ%h%g%ér%éh%?%l%’ﬁo 19 - group of the

pol yet her car bona er carbonat e pol yol s accordi ng

to the invent(bprneeychsd BEgpahdkxadisticpakte@ifroai tHea@siention obtdiyedanei) by
oxi des have a hydroxyl nunber preferably of 20 ng KOH g to 80 nyg

KOH g, parti cul dgioyngedmitugh(spucyfs camtuiysuon qf satdsm)ny KOH g.

Optional ly, these.polyether.carhonat e. ol s ;according.,to the .
Thvent on ca bomsPrAE i SURE SRRThEisBRlsEale B SRRt ddfowroottion
chain, said bl oclf #adigarié b@lﬁp]ékﬁlrgq{g”ahh Ye.8f bypf kbdiéh &d then Qé-isolation by
et hyl ene oxide units, particular preferably of propyl ene oxide
units. The nean fileagemonofengifegatignpané al kyl ene oxi de bl ock at the end

f the chain f | .tq 30, al kyl i.d its.. ticularl
oretorapty 5 @b BESHFL Gathed is sd Sty Lo RS ANF P et iR b ghbHa
group of the pol gea&ﬁagjg A pnat mepohyPht piesqtedbenpalyy bf otinagr ft@%f%ﬁm

Preferably, the 1nvention provides a process for thé production o
f1 exi bl e pol yur grbssne (10BIwbai)t h a gross density according to DIN EN

| SO 3386-1-98 in the range from 10 kg/ to 50 kg/ nB r ef er.ab
from 20 kgl neP g ST0° RENE, HRRIPATE SHpGs BIGEPLY MuRgch: weltror 15 doyble
DIN EN I SO 33i§eﬁallty9c§1idenc&ﬂ§odrﬁ§‘,g§ncf TR KIR Bﬂeggoﬂﬁﬁ%xfn%t cRPBnents, being
deformation after 4' cycle) by reacting conponent (pol yol

formul ati on) addepin gienfjrst step or immediately after the precipitation of the double metal

cyanide compound (second step).

The double metal cyanide compounds comprised in the DMC catalysts are the

reaction products of water-soluble metal salts and water-soluble metal cyanide salts.



Al 100 to 10 p¥P2R1Z093%%&i ght, preferably 100 to 50 parts RFRER2GHY060102

particularly preferably 100 parts by weight (based on the sum of the
parts by wei ght of conponents Al and A2), of polyethercarbonate

pol yol having a m xed bl ock of at |east two al kyl ene oxides at the
end of the chain, characterized in that the term nal m xed bl ock
conprises a mxture of propylene oxide (PO and ethyl ene oxide (EO

in a molar rqioirQxﬁ%l@%ﬁq@é&is’%‘éhﬁﬁn@@&ﬁ@1chl%%geYﬁe%@ab@}afntéccps}é, MREGBY the
preferably 0 to 50 parts by weight (based on the sumof the parts by

wei ght of conpdaleatasidal salipd.gARplasoimcomegnnoabaltatpoinde pitessipolhevhcyano-
conponent A particularly eferably being free qf conventi gnal )
pol yet her polcg?giﬂ,tate -arezé‘%l‘ ‘#36551?‘?‘8%9@’5&?%@5{%59" ?rgfﬁ'{‘b%?%ﬁe@%?rﬁbiﬁ il
to 5 parts by, i d ad : i

conponont s Al and A SEFRGLPI ARG i e RRchE: I S0GRbn Prmed.
A40.05 to 10 parts by weight, preferably 0.2 to 4 parts by wei ght

(based on the squ of the parts by weight of cogigonents Al and A2), of
auxi | i ary sub¥fiahsals swiiablsdar prepaang thendopbleynetelcxgnjdy sompgunds preferably

surface-acti | rd1 650 ) pignents or flanme retardants, and ASO
to 10 parts \gg‘“{%g%{gﬁl pr"g?gpzbly 0O to 5 parts by weight (based on

the sum of the parts by wei ght of conponents Al and A2), of conpounds
havi ng i socyanat e-reacti ve hydrogen atons with a nol ecul ar wei ght of
62 -399, with conmponent B conprising pé{¥ksocyanates, the preparatiBh
taking place at an index of 50 to 250, preferably of 70 to 130,
particularly preferably of 75 to 115, and

where

M is selected from the metal cations Zn*", Fe**, Ni*", Mn**, Co**, Sr**, Sn®", Pb**
and Cu®*, M preferably being Zn*", Fe?*, Co®" or Ni**;

X are one or more (1.e. different) anions, preferably an anion selected from the group
comprising halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate,
carbonate, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and
nitrate;

n is 1 when X = sulfate, carbonate or oxalate; and

n is 2 when X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate,

isothiocyanate or nitrate,
or suitable metal salts have general formula (TV):

M(X)s IV}
where
M is selected from the metal cations Fe3+, Al i Co*" and Cr3+;
X are one or more (i.e. different) anions, preferably an anion selected from the group
comprising halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate,
carbonate, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and

nitrate;

ris 2 when X = sulfate, carbonate or oxalate; and



all the parts}N%&O%Pﬁﬁ’f of conponents Al to AS in the pr é’%ﬁ‘i"zf?ﬂé{“&%‘"

application being scaled so that the sum>»f the parts by wei ght of
conponents A 1+A2 in the conposition is 100. Preferably, the

pol yet her car bonat e pol yol of conponent Al is obtainable by the
above-descrihed p rati ye. pr ..accor dj t h OV i
Component Al e SEE o8 LR BFER5iBCRROLARe BehE b PR dseovpase
and (ii) and ggeiec@nig ok aiteed,i onal step (iii) has already been
illustrated above in connection with the process for preparing the
pol yet her car bonat e pol yols. Conponent A2 The starting conponents of
conponent A2 are conventional polyether polyols. In ternms of the

i nventi on, cé’ﬁ@'élm%?eolﬁga} i?gtls%‘ffg%‘?%f?g?%ua@e under st ood as meani ng
conpounds that are al kyl ene oxide addition products of starter
compounds with - 21 - Zerewitinoff-active hydrogen atons, i.e.

pol yet her polyols with a hydroxyl nund¢Xaccording to DI N 53240 of (35
ng KOH/g to 5 80 ng KOH g, preferably of 20 ng KOH g to .5 60 ng

KOH g. Starter conmpounds with Zerew tinoff-active hydrogen atons that
are used for fihg. conventi onal polyether polyols usually have
functionalities of 2 to 6, preferably of 3, and the starter conpounds
are pref er ablM ihseadectedyfrdru ot metabtationx Mudf, 88" afid W/dr oxyf unct i onal
starter conpqunds are propyl glycal, ethylene glycol, diethylene
gl ycol , di pr op§i%eié %WEBB;G- %!}%rmf%% B‘fe?eri"ﬁé% Qﬁéﬁi?‘"&?‘!} Trom ¢ group
1, 4- but anedi : i@l ,; pe @rq@% [ s 3- - e I.0

1, 12-dodecangg}ngp,gfﬁgln@%fedrgé)l(T'Qt ?Pmet y g‘?“pdr%bﬁ‘?{g?%t h%‘%eﬁhﬁg@%ﬁ'ﬁ’e%wlfate’
pent aer yt hri toathonster tjanhetk, thinegaese isdeyaltacy Usottdoean iy, acatxgting loxalate and
resorcinol, bisphenol F, bisphenol A 1,3,5-trihydroxybenzene, and
condensat i on P¥H&uct s of fonnal dehyde and phenol, nel anine or urea
whi ch conpri oL i e l e to use gl ycerol
and/or tri net%ﬁ?/Fg}fﬂp%{ggar%gfféa%g’p%%ﬁbe(hétteg?{)géﬁgb&n%gund. Exanpl es of

sui tabl e al ky 8N wixhd€s- Asledechhdoatie, oxboeylatpy opyihienthiaxaskee, idoRanate,
butyl ene oxide or 2, 3-butyl ene oxide, and styrene oxide. Preferably,
propyl ene oxilgrhigRYANate Ry MEFdC.oxi de are added to the reaction mxture
individually, as a m xture or successively. If the al kyl ene oxi des
are netered in successively, the products prepared conprise polyether
chains w th hireekat$d metl sulehavPsartut ttemwid (VgL hyl ene oxi de bl ocks are
characterized e.g. by increased concentrations of primary end groups,
i nparting an advant ageous i socyanate reactivity to the systens.
Conmponent A3 Water and/or physical bll\\glwﬁ{npg agents are used as V1)
conponent A3. Exanples of physical blo g agents used are carbon

di oxi de and/or highly volatile organi c substances. Conponent A4

Subst ances used as conponent A4 are auxiliary substances and

addi ti ves suchH®® a)catal ysts (activators),

M is selected from the metal cations Mo®" and W6+;

X are one or more (i.e. different) anions, preferably an anion selected from the group
comprising halides (i.e. fluoride, chloride, bromide, iodide), hydroxide, sulfate,
carbonate, cyanate, thiocyanate, isocyanate, isothiocyanate, carboxylate, oxalate and
nitrate;

tis 3 when X = sulfate, carbonate or oxalate; and

t is 6 when X = halide, hydroxide, carboxylate, cyanate, thiocyanate, isocyanate,

isothiocyanate or nitrate.



- 22 - b) surf 282 4&% e additives (surfactants) such as TR L

and foam stabilizers, especially those with | ow em ssions, e.g.
products of the Tegostabe LF series, and c¢) additives such as
reaction retarders (e.g. acid-reacting substances |ike hydrochloric
acid or organi i i c e S ( raf f -fa

al cohol s or Qil )%é@ﬁéfﬂopﬁc}ﬁ%%ﬂ?gégﬁle%gt% a;;)ei %ﬁé%bgﬁﬁa’yéggB¥@flg’f%}é€§dlée’ ekt
retardants (escgtatel zimer aeyladehvsehair) ber2gte NGind Ndtrive airbe(ll) N@ifate, iron(ll)
stabilizers, plasticizers, fingistatic and bacteriostatic substances,

fillers (e. g bromideurios(iix shleridki semiIhuRblorige.aeabalFDnehlpEde egbR) 1Bnthio-
opt | onal 1y t ¢RIk R af PR GRUR WEH WP B g

389, pages 1&fdifZdtent@hdigrsapxanpl es of auxiliary substances and
additives that are optionally to be used concomtantly according to
the invention, and details of the node of use and nobde of action of

Kunat st of f - HAVUBLEH o e Pble o TEQISg G GBp{Forotl cyihide compounds
Car | - Hanser - {p¢fea8ly MBigeRbral3odn@divirpn, 1993, e.g. on pages 104 -
127. Preferred catalysts are aliphatic tertiary amnes (e.g.

trimethyl am ne, tetranethyl butanedi am ne), cycloaliphatic tertiary
amnes (e.g. 1,4-diaza(2,2,2)bicy oct ), .aliphatic am no ether
(e.g. dinethylam noethyl ether ar{gA)aoMﬁ égﬁb (A (S\/H)
N, N, N-tri nmet hyl - Nhydr oxyet hyl bi sam noet hyl ether), cycloaliphatic

am no ethers (e.g. N-ethylnorpholine), aliphatic am dines,

cycl oal i phat iwheaen di nes, urea, urea derivatives (e.qg.

am noal kyl ur ;.cf_, for exanple, EP-A 0 176 Q13, especially, .

(3- di net hyl amoﬁr%wesr#%)oaﬁ ORYIOTR J4t4lreaBgRS T)R the @Eowp comginng Fe(HD.
oxi de, di but vty @bdBuUEats). dir B : [ M r
catal ysts are eg)lz’r ead, I§’urgg )der |t9é1g|§ @egﬁl@’OW?g?’aWﬂggsﬁ lgaakggrllﬁ?fomm’
et hers each CcdiY)y asd M{Va Minptdfenbly lginupnd amoreacts catham tahltie wddp

t he i socyanate. The functional group is preferably a _hydroxyl grou
or a primary SORPEEESIRANY COMTROTeRb BT HeTE) PRk Gy > 23 -

preferred catal; V, f i ki ti : .
reduced ni gr LY St @ﬁﬁégﬁgﬂ&bﬁﬁ%ﬁgﬁ?w% ?g’h i ﬁawrrg@ﬁlhﬁmg alkali
nmenti oned as metalpl.eLibfNgaktj Rbil) and wikatied exttedeait @byBe™S: Mg™*, Ca®*, Sr¥°,
(3-di met hyl ami popr opyl am ne) urea, 2-(2-di nethyl am noet hoxy) et hanol ,

N, N- bi s( 3-di R Hy| am nopropyl) - N-i sopropanol ani ne,

N, N, N-tri nmet hyl: t hyl hi i [ d .. . :
3 i met ! am Aabr Sor ar . ook SRR ARGES HionF P brfeomprising hlides (e
as conponent fABridayehlatidd, easmidepiodido Waaixate ealfhte)V earbyithi€o8anat Otfo-
and a nol ecul ar weight of 32 to 399. These are understood as neani ng

conpounds  haViyARfthyCYsaAe. EioBupRyaniel oozl 2o pslatarad ot tratei s
groups and/ Ora, 8%58 9@@ inf, 81%?%\/8{1{%5 & & l%l e?ﬁd%clﬁpn%&g§ nhs \C/I_th}QhQ Xlg{a?)@gnide
grou&s, | chal ex% en

groups and/ or’am no ch serve as ers or

crossl i nki ng sagentisctroiesy wArpoUnsprofatr@l 1l v, Raye; B ik ?re&eraﬂﬁzeﬁ 8ra;
2 to 4, isocyanate-reactive hydrogen atons. Exanples of conpounds

whi ch can be Hzi%fé@bb/shaéébﬁ)tﬂi%g AS are ethanol -am ne, diethanol ani ne,
triethanol am ne, sorbitol and/or glycerol. Oher exanples of

conpounds of conponent AS are described in EP-A 0 007 502, pages 16 -

17. Examples of suitable metal cyanide salts are sodium hexacyanocobaltate(ITl),
potassium hexacyanocobaltate(Ill), potassium hexacyanoferrate(Il), potassium
hexacyanoferrate(Ill), calcium hexacyanocobaltate(IIl) and lithium hexacyano-

cobaltate(III).



Conmponent B ‘%?Jﬁ?%%?%“‘fool yi socyanates are aliphatic, cycIng(FiPﬁ 1a2{0|6%1102
aral i phatic, aromatic and heterocyclic pbdyi socyanates such as those
described e.g. by W Siefken in Justus Liebigs Annal en der Chem e,
562, pages 75 to 136, for exanple those of forrmula (IX): Q NCO"(IX)
where n = 2 2 .- and, d L | G..h

radi cal haviggegmgf%éa%ggfﬁﬁ%?y%ﬁﬁﬁera.*@ﬁng&%bg%fg{gﬁ%?ggg%%&ﬂgg are
cycl oal i phat icompyaiidsedboaralrfagheiakviigving 4 - 15 C atons, preferably
6 - 13 C atons, or an araliphatic hydrocarbon radical having 8 - 15 C
atons, preferably 8- 13 C atons. - 24 - Exanples are polyi socyanates
such as those described in EP-A 50 pages 7 - 8. Preferred

pol yi socyanates are nornally thoggg§%%éﬁ&gﬁ§ﬁ§eadily avai l abl e ir{VHD
i ndustry, e.g. 2,4- and 2,6-tol uyl ene diisocyanate and any desired

m xtures of these isoners ("TDI"); pol yphenyl pol ynet hyl ene

pol yi socyanat#igrsuch as those prepared by aniline-fornmal dehyde
condensation foll owed by phosgenati on é;crude MDI"); and

pol yi socyanatMds #lglingd delopsales pilldéo gfldups, uret hane groups,

al | ophanate gr, i apurat.e oups, urea groups or biuret groups
("rmodi fied pgv@ﬁgg%?g%% é%?r?m%gag@igﬁfy nodi fi ed pol yi socyanat es
derived fromx,d-, anhdor afe Bntch@b Uinkiean® Ehok&P ey afal theOdoibld Mctal4Eyanide
and/ or 2,40 -di phenyl nethane dii socyanate. Preferably, the

pol yi socyanatcéﬂmg‘efd;/iwleﬁtmmé@@tﬂ@ﬁ‘@ .conpound sel ected fromthe group
conprising 2,4- and 2, 6-toluyl ene diisocyanate, 4,40 -, 2,40 - and
2,20 - di phenyl net hane dii socyanate, and pol yphenyl pol ynet hyl ene

pol yi socyanatpgeferapg) ynucl ear MDI"). Particularly preferably, the

pol yi socyanate used is a m xture conprising 4,40 -di phenyl net hane

di i socyanat e x 2340 =di,prrehydrerRane dii socyanate and

pol yphenyl pol.ym i.socyanate, To produce the flexible
pol yur et hane }%g‘;ﬁ%tﬁ%@fgg@)ﬁﬁ%ﬁ ¢ 8¢ cact ed by the one-stage
process knowper cggln), Het1el, ¢pi9r iEghani cal devices, e.g. those
described in EP-A SQS)OOgﬁmDetaplg of “processi ng devices which are

al so suitable for the invention are described in Kunst st of f-Handbuch,

I Vi, it by, Vi. Hocht | en,.. Carl - Ha -Verl.ag,, Muni ch
1605, e g o EGS dasATSEatoleESE] exitie CHBPYURE: Hale FOAME RO
be produced agpiiRaqIIPuld H&?ac%nofrmfe(ﬁi)pe%ﬁ%- héﬁa@yahﬂfé%%e'(mz drldeEShAlD

provi des processes for the production of flexible polyurethane foans,
t he fl exi bl e Ippdopanebhaite(flbans Qithaodesadpley thesgalde odeddesmetahecyanide

fl exi bl e pol yuret hape foam_bl ocks or_ flexib ol.yur et hane .f oa .
ol di ngs. pr SHTPEE A BE Sk B GebS 3 1S e CGHUTR S 118K 281 0 00). It is
poIyurethane%%gﬁﬁﬁﬂggﬁagg@kggngghbggmggmﬂﬁgﬁgﬁﬂgﬁi_and t he noul di ngs

t hensel ves. e flexi'bl e pol yurethane ans obtarnable according to
the invention have e.g. the followi ng applications: furniture

uphol stery, textile padding, ttresses, car seats, head su ts
armrests, séﬁwg%@m&ﬁ&ow#%%ar&gr% ed in thy nren%@lqnn@xgwei ﬁgf@aﬂ@ws
the percentage. raldfegf e ke, 3i@YN53ehy | RPCYHIRLA a-S&lb%' ¥ UR&d o @ e
stoichionetriceannunf, ?éé. ?ﬁ% anount g? iggkya%ate CO) groups v
cal cul ated f drS 8di¥a08, ol/Saf 82h8050H EHGIMAIA] . HPRAE094D ( alPuAt7cdi708,
i socyanate used) ; (calculated anmunt of isoc anate)y 100 (X) WO
2012/ 163944PGT/ 3 36D G20 813, EP-A 743 093 and WO-A'97/40086). " For example,
water-soluble organic compounds with heteroatoms, such as oxygen, nitrogen,
phosphorus or sulfur, which can form complexes with the double metal cyanide
compound are used as organic complexing ligands. Preferred organic complexing
ligands are alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles,
sulfides and mixtures thereof. Particularly preferred organic complexing ligands are

aliphatic ethers (such as dimethoxyethane), water-soluble aliphatic alcohols (such as



- 26 - Exarrplvgg 201?(113396? esent invention is illustrated in P&Té%‘?zglrm“mz

detail with the aid of the foll ow ng Examples, in which the materials
and abbrevi ations used have the foll ow ng neani ngs and sources of
supply: A2-1:a trifunctional polyether polyol with an OH nunber of 48

g KO g, Prenahell i bRgPFRGaRA %@oﬁgﬁﬁ&k%&t&gﬁa“te%-ggt'fagﬁg%S)I'Wﬂﬂyﬁﬁ

a m xture of propylene de and et e oxide in prop

89/ 11, and WiuteraPpl fid 2-GheiBll B 0ftyPRloMRbYd E8thBREP Soffrisind BEIAAPRAID or
B 2370, a preparation of organo-nodified polysiloxanes from Evonik

Gol dschmi dt  AXclpeliphaéie sttler1 g@ups rind ndliphatia thaitispayl Erowms Risei reghiderice glycol
Ad-3: Addocat 8_SO . a ] talyst fro eincheme TDI-1:a.m xture
conpri si ng 8(3119/&%0%? b‘Eﬂﬁﬁ%{r &?ﬁﬁyﬁ@eﬁ@g@%%@?@ﬁﬂ IBerigRIgpylene” glycol
2, 6-t ol uyl enanéhidr adiRdreandvs Inhletidf- NGt R AeBRhoIPf *4&?3@\9&8(915'; preféred
m xture conprising 65 W% of 2, 4-toluylene diisocyanate and 35 W % of
2, 6- t ol uyl eneorginie sepaleaing, ligindh azn spladed drene vhe of M@ cTompaumite from the

| f d as.foll ; i ' ity. MCR 51
hoomstor 11 R hEGHPREE SrRQPYOEREnD: g LB S5 S oRgh 2-methyl-
number : accorylyiign hoyl st @I’%ﬁ%{éé N1 SARA0-INBuB O8BedeNR W mBBSI-3-oxetane-

determ ned according to SO 3386-1-98
methanol.

Optionally, one or more complexing components from the following classes of
compounds are used in the preparation of the DMC catalysts: polyethers, polyesters,
polycarbonates, polyalkylene glycol sorbitan esters, 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-vinylpyrrolidone-co-acrylic
acid), polyvinyl methyl ketone, poly(4-vinylphenol), poly(acrvlic acid-co-styrene),
oxazoline polymers, polyalkyleneimines, maleic acid and maleic anhydride
copolymers, hydroxyethyl cellulose and polyacetals, or glycidyl ethers, glycosides,
carboxylic acid esters of polyhydric alcohols, gallic acids or their salts, esters or
amides, cyclodextrins, phosphorus compounds, «,S8-unsaturated carboxylic acid

esters or ionic surface-active compounds.

Preferably, in the first step of the preparation of the DMC catalysts, the aqueous
solution of the metal salt (e.g. zinc chloride), used in stoichiometric excess (at least
50 mol%, based on the metal cyanide salt, i.e. a molar ratio of metal salt to metal
cyanide salt of at least 2.25 to 1.00) is reacted with the aqueous solution of the metal
cyanide salt (e.g. potassium hexacyanocobaltate) in the presence of the organic
complexing ligand (e.g. fert-butanol) to form a suspension comprising the double
metal cyanide compound (e.g. zinc hexacyanocobaltate), water, excess metal salt and

the organic complexing ligand.



The conpr essiVve ¥ &Rt h was determined according to DI NTEN§RY2/060102

3386-1-98 (at 40% deformation after 4th-tycle). The tensile strength
and el ongation at break were determ ned according to DIN EN | SO 1798.
The proportion of CO incorporated in the resulting

pol yet her car bonat e pol yol was determ ned by 11-1-NWVR (Bruker, DPX
400, 400 MHz, pul se program zg30, wait tine dl : 10 sec, 64 scans).

Al'l sanpl es vmfea)rgarﬁcsebmpréxing 1hand ealabegre@&{t%Qﬁ@aqﬁeoﬂshﬁ)hﬁtejneaftatmb metal
resonances in the 11-1-NWR (relative to TMS = ppm are as foll ows:

- 27 - cycli st andlontreaqpeassselitian 0§thwn§iﬁb@@mdﬁ swit,tcﬁ lfrlégdq&ﬁw@énqhately

4.5 ppm car a resu om.car on di e .inco r at in th
ol ot her car B M s Biop i A PR SRR B e S SRR G AR confholne.
unreact ed PO WhihbdeBSORaN G adtagdorts tBRATx tﬂ@'ab[@éd%@rsollﬂﬁbﬂé)bf fhle -18etal salt and
Wi t hout incorporated carbon di OXI de) with resonances at 1.2 to 1.0

ppm 1, 8-oct an@@lh oyanfdensdt pod ahe cdbrganis tcampéaxinglligend eviihi ngorcaseaglwwn

W th resonanc 6,to 1.52 pp The I r.oportijon

ol yrer < neorRPEELY B BORESERT RTPRG T dBE TS ot G Iretedvth apatber
as bel ow ?CC%Hi’PW@tlﬁ an%dﬁ@h@ch&er piSfeR81yf Bidnd Qéehqwa@ﬁxture with water and
abbrevi ations: F(4. area of the resonance at 4.5 ppmfor cyclic
carbonate (c mlgzeslqacmﬂlﬂeXmg dlgmcH Alpmﬁ:rrﬁ Broteddir8ior camyieg oof the Hiest step (i.e.

resonance at 5.1-4 gqfor thercartﬁ%nate ol yol and one H, a{o
for cyclic cé’rr?f%?ﬁ%‘c"é‘ %? ea5useengiy 1Yoly fetheedinaing anizingonopz sy martymlarly

free, unr eaCt rgfa(% &s%erg&aidésrcﬁge@anAh(ﬁmgglce at 1.2-1.0 ppm

for polyet he = area of e resonance at 1.6 to
1.52 ppmfor 1, 8 octanedl ol (starter) if present Taking the relative

intensities |nt account, the po] ymer-bound, carbonate ("I|inear
car bonat e" ‘Bﬁ TR g5t [5nispte gg?%roé E‘grﬁ\‘féf thegpriegurien 9h the catalyst

s 18 ALY o sy Do g

*F(1.6-1.52) such as centrifugation or filtration.

In one preferred embodiment, the isolated solid is then washed, in a third process
step, with an aqueous solution of the organic complexing ligand (e.g. by
resuspension and then re-isolation by filtration or centrifugation). This makes it
possible e.g. to remove water-soluble by-products, such as potassium chlonde, from
the catalyst. Preferably, the amount of organic complexing ligand in the aqueous

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

Optionally, another complexing component, preferably in the range between 0.5 and
5 wt%, based on the total solution, is added to the aqueous wash solution in the

third step.

It is moreover advantageous to wash the isolated solid more than once. Preferably, a
first washing step (c-1) is carried out with an aqueous solution of the unsaturated
alcohol (e.g. by resuspension and then re-isolation by filtration or centrifugation) in
order e.g. to remove water-soluble by-products, such as potassium chloride, from the

catalyst according to the invention. Particularly preferably, the amount of



(XI) The pré%%??pgﬁxﬁ§ weight (in W% of poIyner-boundlﬁgpggﬂ5¥%0“n
(LCD ) in the reaction m xture was cal cutated according to fornul a
(X11): [F(5.1-4.8)- F(4.5)] *102 LCO -*100% (Xl 1) -28 - the val ue
of N ("denom nator™ N) being cal cul ated according to fornula (XI II)

F( 1 = { Fg- 50)1* 4. g_g}%qgu% egigﬁdhﬁ* loéefqg‘gf) SV}afH(]?g%‘QP? : % getxf:%%n ? 8;%(1 80 f@ f) based

resul ts fromdnhge aiﬂans@funbh@fmlfﬁ@tuh@,mg@tqhtlﬁ 110 oth&LBy s g%fe;p‘s% 2), either
wei ght 44 g/ nol) and propyl ene oxi de (nol ecul ar weight 5 )

factor 58 redh¢ fisstfwaght gw&epmﬁlrawtedronmrgmredﬁnqw r@biﬁ oomt@léhrafnames
the factor 146 re ul.t.s fromthe nol cuI ar wej

ht, of )
18- oot aned o SRLPEUR: BBy LLaiE o e Fort FORNEY ofepgprated
(in w% of %Y(S%Jhb?affﬂ%n@ﬂfé@%&nfw %coin'ﬁoﬁéh@ (lfér@ﬁﬁ;éﬂloypﬁl ik ¥z$ E%e%%n 0 5 and
cal cul ated according to fornu 100% XI'V)
5 wt%, based on the total amount of wash solutlon of step (c 2)) is used as the wash
solution and the solid is washed therewith one or more times, preferably one to three

times.

The isolated and optionally washed solid is then dried, optionally after pulverization,
at temperatures generally of 20 to 100°C and at pressures generally of 0.1 mbar to

normal pressure (1013 mbar).

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

Step (ii):

In step (ii) of a preferred embodiment of the invention, a mixture of ethylene oxide
(EO) and propylene oxide (PO) is used as the mixture of at least two different
alkylene oxides, the molar ratio PO/EO used in step (ii) being from 15/85 to 60/40,
preferably from 15/85 to 40/60. Preferably, the polyethercarbonate polyols resulting
from step (i1), comprising a terminal mixed block of EO and PO, have a proportion

of primary OH groups of 10 to 90 mol%, particularly preferably of 20 to 50 mol%.
group p YPp Y

The mean length of the mixed blocks of at least two different alkylene oxides,
prepared in step (ii), is preferably 2.0 to 20.0 alkylene oxide units, particularly
preferably 2.5 to 10.0 alkylene oxide units, based in each case on one OH group of
the polyethercarbonate polyol.



t he val ue of Wﬁgizﬂ&”é‘éll cul ated according to formula (XI IPIC)T."EP'Fgw060102
cal cul ate the conposition based on the ptd yner conponent (consisting

of pol yether polyol, synthesized fromstarter and propyl ene oxide
during the activation steps taking place under CO2-free conditions,
and pol yet her t esi from start opyl ene

oxi de and car%%ggﬂg;ﬁ%g)%%ﬁe%cﬁ er%‘éga @%@gtlf}%u(r?lmﬁ téf%lsn t%%?i @é} g‘%é%@gg?% @

the presence mikedbbcRAd st tivdhIEOER] dkI®RS] Bl aibrdxyP iihbe oflougs K/ g
the conposition of the reaction m xture, the non-polynmer constituents

of the react ito80maK e (parteculaglyqireferaphyorfyASang K€t dm 49 exelh@Bany
unreact ed propyl ene oxide present) were arithnetically elim nated.

The proportion by weight of carbonate repeating units in the

pol yet her car bpgaati®:pol yol was converted to a proportion by weight of
carbon di oxi de by nmeans of the factor F = 441(44+58). The data for
the CO2 cont éptionflly,ltbe puicysst dvermlarghionthe envpotigo forghe prapaiatiah iof @dlyether-
the proportion. of the | yet her car bonat e pol yol nolecul e forned
during the 0&6{909WEP99§?%%H aggﬁtfog’ﬁf]?%ﬁgi“idft‘?%?hﬁﬁq vation steps in
the presence of CQGi\(i .tRe cidEoPMERBTESRaHonkRDoR! ¥ahhEHARIRARAS Block
pol yol nol ecul e ?g;lt}l ti negcf ro(r)n t h@ sjteartgr O?l, 37-0%- 29 - octanedi olo,C ’
if present) and from t hesultgacfromstepf(ii}, heexgeadeti evithnrnt dikdpoxddés, padfeiatly
under CO2-free conditions, was not taken jinto account here). X
Det ermi nation of the ot PRPHISEF ORKIE %feﬂafl?%wgmagf%‘fw Prg{praghiith
(Bruker DPX 400, deut erpqgéyla{eqjxpdem: To determ ne the content of
primary OH groups, the "polyethercarbonate sanples were first

peracetyl ated. The foll ow ng peracetylation m xture was prepared for

this purpose:_9.4 g of c?tic anhydride p.a. 1.6 g of acetijc acid

p.a. 100 nm &heﬁqudma% V& & pursoilkilgee %Q%E@Wﬂ’éﬁtﬁa@ﬁ ip siept(iinds E@fﬁalﬂi’z
pol yet her car I : I: i —

7| Snrmyer 110k aRgeXdlactii NECARA, ppl PRy S L IRl 0RO SRS based
t he OH nunberinadach hasqoh yeich©HC grdapnat thet golixehgredsrbeeity balyell, Theerefdtion
nunber of the polyethercarbonate pal yol being rounded to the nearest
tens digit (&g sigpkiigsarbeparned guiste. poiipdrerenecifMst @tabits g ose
10 mM of per i L XEur .

Accordingly. Fose s oPul el (BT o PARGbrRRE: kTl hiHes Ko qu or
to the 10 g sayOH)e Rtfepadly ehdadaciadrbaseaidendool &l (il isRagied Qot Dtk @kesefice
45.1 ng KOH g. After the addition of glass boiling beads, the
ground- gl ass Céﬁl@ﬂﬁ?e%ﬂéquslt-l ask was provided with a riser tube (air
condenser) and the sanple was boiled for 75 mn under gentle refl ux.
The sanple m xture was then transferred to a 500 m round-bottom

fl ask and volmilvdtier&ahsdatd papdls (essentially pyridine, acetic acid
and excess acetic anhydride) were distilled off over a period of 30
mn at 80C antheligvemsion thabalee prevjdesodyethosearbongta privelespapesing g temainal
treated with 3. x 0, m. of cycl ohexane (tpluen s used _as_an
alternative irﬁlx(%%ib gos(:kv%feér%elezt‘sﬁg’v%iagﬁyﬁnﬁa f‘%ﬁ’ prgge[r%[ﬁ% alg]lielaniﬁ%a)ltmaﬁeg sb(%?c\}{e()f
i n cycl ohexangiyl@fbxd @0)l8d peRsidnt bRMeIPOS! Brot@amly ate hflar ki PO/ED is
80C and 400 nbar gabsol ute). Volatile constituents were then renoved
from t he sanpkanflof5enéOdpregerabigdonamd/83co #o40. (albguweiered embpediment of

det ' th | ar,. ti i d dary.

aroups i t na ol iR REP YR SR BBRy PO Pl GOTTEIe pPEpEr S tpef
was di ssol vedeq) Andl @ BrRtestosdttioh OF prifaANAHARBLYSEA % JoHRDIWR particularly
(Braker, DPX 400, 400 MHz, pul se program

preferably of 20 to 50 mol%. Preferably, the invention provides polyethercarbonate

pelyols comprising a terminal mixed block of at least two alkylene oxides,
characterized in that the mean length of the terminal mixed block of at least two
different alkylene oxides is from 2.0 to 20.0 alkylene oxide units, particularly

preferably from 2.5 to 10.0 alkylene oxide units (based in each case on one OH



- 30 - zg30, V21 a1 - 10 sec, 64 scans). The rel evarftC YRIS8IARE0S
inthe "HNW (relative to TM5 = 0 ppm-&e as follows: nethyl signal
of a peracetyl ated secondary OH end group: 2.04 ppm nethyl signal of
a peracetylated primary OH end group: 2.07 ppm The nol ar proportion

oromer 1o 5800 B AT SRR TS0 BB oo bt
F(2.07)) * 100%e0Avenpti@iPeshp@dingdh mixe®idek@f £N6ass oy R0 mve a
F(2.07) / (F(2.04) + F 2.07?2 * 1009 XV1) In fornulae (XV) and (XVI)

F represent s hydeoxyl emogfer t preterabdpridnée amg KOBL popndbrmg K@ H fgpmarticularly
Preparati on of polyetherca te pol -1 by copol yneri zation of
PO and C2 fﬂ%f%??é o?t}}%l\%ggﬁ%%)}%pgtﬁlgbﬁ%d according to Exanple 6
of WO-A 01/80994) and 160 g of an anhydrous trifunctional

pol y(oxypropyl ene) polyol with an OH nunber of 235 ng KOH g were
pl aced as FI -@pinoeilpndiesst porlyghersubstancedydln acording rte free sswentiae dean

heat ed to 13GCTRRA PORHLHBHTETCe BPoKiS e PuL il aBE B4 Plhe spnsising
nitrogen to r : _
1I bar.g Thi s 3?%%?? %?%cp neg %ﬁ?@%ﬂt&?{%esrﬁ ‘%@éﬁr“g?gﬁé opy aerr?gpge%&g@ of

(PO wer e rapiropyenvaixedethiisnt Bhet tnearr eagthart sath 130fe dkyenenotitie bbkande

of CO2. The start. of the reaction_was signalled by a hotspot and by a
nd ot RRUGRIY 15 FETeraY 249 30 afl?%en(é&medaaﬂsap%amlﬁﬂme&rahlné

pressure drof

first pressung l@raﬂﬁylg&: S8t WhR ar%gec‘lt ﬂl:ér]acﬁ%a& of 0599@% rgﬁog@ﬁ&étﬂ!a?ﬁggether—

metered in, each time causing a furt ot spot an

After 50 bar cafbofi@® phhdl.been applied to the reactor, 50 g of PO were
rapidly netered in, causing a hotspot after a further wait tinme. The
carbon di oxide (CO2) pressure started to drop at the sane tine. The
pressure was ggdifle rdifasych @ way that fresh CO2 was added when
the pressure et value. Only then was the remaining

propyl ene oxiltefe(sB87 e im@htien paropidds COProdEdd Uk yiheNp@duton @dctierible
at approx. 1.8 g/mn; after 10 mnutes the tenperature was |owered to
105C in st epobfurglmangfgpms tither gropue@sity perording o RRYEN 159 3386ppo%ir the
conpl ete, stitrj 15 wa 3n 60 d 3
at 105C and trﬁ%éegi?%réw?@ kp o e s g%eﬁ‘%%r%bgf’ |ﬁf§’,n{ %igﬂ%m\/g? %ﬂ.bﬁsﬁ i,
consti tuent s angreecsgpagshteatdrehgircthding Ldum ENYISO 13%6avaP af Blel rafige from

Anal ysis of the resulti n(_?( pol yet her carbonat e polyol Al-1: Hydroxyl
number: 54. 9 &S kBritgy<20KkPa (at’'40% deformation after 4™ cycle) by reacting
component A {polyol formulation) comprising
Al 100 to 10 parts by weight, preferably 100 to 50 parts by weight,
particularly preferably 100 parts by weight (based on the sum of the
parts by weight of components Al and A2), of polyethercarbonate
polyol having a mixed block of at least two alkylene oxides at the end
of the chain, characterized in that the terminal mixed block comprises
a mixture of propylene oxide (PO) and ethylene oxide (EQO) in a
molar ratio PO/EO of 15/85 to 60/40,
A2 (0 to 90 parts by weight, preferably 0 to 50 parts by weight (based on
the sum of the parts by weight of components Al and A2), of

conventional polyether polyol, component A particularly preferably

being free of conventional polyether polyol,



Dynam c vi scgg?ggl:ylﬂ?ﬂ' nmPas (25C) Content of incorporat S Tedph1 250192

w% I1. Preparation of polyethercarbonat2)polyols with term nal
al kyl ene oxi de bl ock Preparation of polyethercarbonate polyol Al-2
(PO/EO = 100/0 Inol/nol]) (conparison) 403 g of polyethercarbonate

pol yol Al-1 were ceg 4 t ; vV .

nitrogen at rmspherlg{lag,a1 hg)a% g)dfst ]%ar%ﬁyép éa{%@t ? %e\éeﬁg@%?ﬁééel% rt\l%\n%g' ﬁ’&eﬁg%tr(%sg% on
at this tenperature forthaSunioftegardtbyawBiBSed@n@helts 1A 10a&1d A2), of water
(absolute). 68.8 g (1.184 nol) of PO were then netered into the

reactor at 130C over a 2péer plysgfal Blowirgagssts, wi th stirring. After a
post-reaction ting pf 1 es, highly vol.ati.l e constituents e
renmoved by heati nd:vgt ég@ntf)grlbt%fsrhyn%?% b Bl}?a%?blx§@u‘ﬁ%}éﬁ{§q}yh‘gelg}\{¥e(%ased
reaction mxture was thanheaaheof iR pRAND £ AF UbRpor¥hdd Wi sndoh 23 e
resul ti ng pol yet hercarbonate pol yol Al-2: Hydroxyl nunber: 47.3 ny

KOH/ g Dynami ¢ vi scosi t pux@iagosubftances 28y ddibvasenth af primary OH
groups: 8 nol % Preparation of RQ vet her car bonat e pol yol Al-3 (PO BO =
70/30 [mol /nol]) (conBari s6AYYS885 g of pol yet her car bonate pol yol

Al-1 were placed in a )1 | ahgratlRkive agdigedayg under a nitrogen
at nosphere, heated to 130C and then stripped with nitrogen at this

tenperature for 30 mnejes aigraenss esBameretdfrdity abér (absolute). A

m xture of 46.1 g (0.793 of, PO and 15,0 0. 340 | ) of s

Chen ot er ed | nt o Ahe e gfdofmastbﬁéfet%ﬂb@é?fe@bﬁeé % Paffggw%%htggésvéﬁ on
with stirring. After a Rosts’ §aGkhd [ { < anti AUL8S, A2). of
hi ghly vol atile consti tue%t%l \%eﬁe ?gl‘tn%)\yggwgl)ghﬁggtcioﬁg%mgno%ijfaor 30)’ ©

m nut es under vacuum ardmiphendsedatingn isvcydnateercaats/et hgdrogeol &omk owithom

tenperature. Analysis of the resulting polyethercarbonate polyol
Al-3: Hydroxyl nunber: rﬁ@?%ﬁ%@”?{mé i ¢ viscosity: 3735 nPas

(25C) Cont enty,;gf cd?ﬁﬂdﬁ@ﬁtyB %inﬁ{fgﬁély%gycmgt(gg,
the preparation taking place at an index of 50 to 250, preferably of 70 to 130,
particularly preferably of 75 to 115, and
all the parts by weight of components Al to A5 in the present patent application
being scaled so that the sum of the parts by weight of components A1+A2 in the

composition is 100,

Preferably, the polyethercarbonate polyol of component Al is obtainable by the

above-described preparative process according to the invention.

Component Al

The preparation of component Al according to steps (i) and (ii) and according to
optional step (iii) has already been illustrated above in connection with the process

for preparing the polyethercarbonate polyols.

Component A2

The starting components of component A2 are conventional polyether polyols. In
terms of the invention, conventional polyether polyols are understood as meaning

compounds that are alkylene oxide addition products of starter compounds with



Preparation o 06{()) 2{/189 4er car bonat e pol yol Al-4 (PO/EQ = 5/ GFr2012/060102
frol/moll) 310 g of polyethercarbonate-pblyol Al-1 were placed in a
2 1 | aboratory autoclave under a nitrogen atnosphere, heated to 130C
and then stripped with nitrogen at this tenperature for 30 m nutes at

a pressure of -hake . 1 f

P and 20, 1 ¢ (0 ABe ey arephpnf 5 Hofiefer £OpAIsA R n DD b fpr
130C over a petdrathgab INBIMOS, =18 g KOHrE tong80 Mg KIOHIg pasferabact iz20
time of 90 mnutes, highly volatile constituents were renoved by
heating at 90ug K&H/ate soRuweKOkH@er vacuum and the reaction nixture
was then cooled to roomtenperature. Analysis of the resulting

pol yet hercarbonate polyol Al-4: Hydroxyl nunber: 44.7 nmg KOH g

Dynani ¢ Vi scogirtet: cofpdUndPasth(2e&yitiofitLile @?dl’@@éﬂfoms%aigﬁi@%%d f@Bthe
nol % Prepar ati on of pol yet hercarbonate polyol Al-5 (PO EO = 30/70

frol /ol |)  40nventienalpsilyesien eplyalsbsnaltyehaye fymstiopdlities wé 2 éo p) preeepbilnod3,

21 lab t t Qcl d i t h t to. 130C

2 L oot o OO PR AP, B L

a pressure Offuﬁ)etibngla"staftéxb%@?l‘éblz%ﬂds ArepripYleBe AblydR. ettlch®- dBblMalethy®éne
(0}

PO and 39.8 g (0.902 nol) was then nmetered into the reactor "at
130C over a mRydobddipfopSlent rglces, 1, vbutanediol rlihutanxfdidy 1 4-poatediodalotxiaoe:

heat i ng at SOESY openstheiu FoieRiyld - DR Hohna LI CaE R SRRl o -
was then cooligeh{1BIraRNE! RERALALILE g@ﬂ@lﬁzﬁﬁﬁol?fso%hgl, rsuld il'lgraroquinone,
| Al-5: - 33 - Hyd | 47.5 ng

pol yet her car bonat e "pol yo Hydr oxyl nunber:
KOH g Dynanmi @ywetokoli yesormmoldbispheriohdh | tespien@5L, ds3, Adriltydiscybersiehd, dand

ool yet her car SEBTER FAURE. 6F (BEFEGES o) S0 hABY. alpyine or urea which
(conpari son) cof’rfﬂv%isgnﬁ:thlyﬁlﬂl HEIRETCRLRGBABE DAY %gce%r %d%rtﬁmgllﬁﬁﬁ%ob%e

a 2 1 laboratory autoclave under a nitrogen atnosphere, heate

130C and t herasshe stppedomipbindii trogen at this tenperature for 30

m nutes at a pressure of 0.1 bar (absolute). 56.8 g (1.288 nol) of EO
were then netered into the reactor at 130C over a period of 5
mnutes, wt {di Lol : I ~Feacti i j Nut _
gl vol at 178 Baept pubbIC URIReRdGaR REITRRRG, PRofiy (P, 12
m nut es underbwdencnidmna 3, hbéutykae bixale, mddtyrese wdde.t Preferadn|pechyi@nercadda
tenperature. Analysis of the resulting polyethercarbonate polyol

Al-6: Hydr oxyA® glje: oxjge grerﬂjldR@]tp éhe reaction mixture individually, as 4 mixture or
successively. If the alkylene oxides are metered in successively, the products
prepared comprise polyether chains with block structures. Products with ethylene

oxide blocks are characterized e.g. by increased concentrations of primary end

groups, imparting an advantageous isocyanate reactivity to the systems.

Component A3

Water and/or physical blowing agents are used as component A3. Examples of
physical blowing agents used are carbon dioxide and/or highly volatile organic

substances.

Component A4

Substances used as component A4 are auxiliary substances and additives such as

a) catalysts (activators),



Dynam c vi scowscl) (3)/1:2/1?1309#4 determnable at 25C as Al-6 is a 20110 Content

of primary OH groups: 53 nol % I111. Produzlion of flexible
pol yur et hane foam bl ocks The starting materials listed in the
Exanples in Table 1 bel ow were reacted together according to the

processing g‘%}) hod (g i @Nghdiives eguif%arﬁg}e gﬁ&?d et élﬂﬁlsi(’ﬁce{sh eand foam

e
pol yur et hane foans by the one- st age process. rprising
f1 exi bl e pol yur et htbdidoansbtaglks taceomdibngow oemldsiohs)vent i@oducts of the
(Exanples 4 to 6), in which palyethercarbonate polyols with a
term nal nixed bl JCBOBIPBLEFeriehandxi de (PO and et hyl ene oxi de (EO)

inanolar ratio %%]ﬁ@eg)fsu%]§/ &2 r%a%ﬁslg/ r%%rq}%sr el Oa%fd?é‘eﬁgtgr}ge?ﬁ%sﬁir}cgg ifke

hi gher conpressive strength and her nsi1”e 's

fl exi bl e foam bl otkardeaned a6 cﬁo@%ﬁn&’cﬁédikﬁhaiﬁﬁb)}/@éﬁ fefdhators g, plalbfie, fatty
Conpar ative Exanple 1) or on a polyethercarbonate polyol with a

term nal propyl enéléshpeohdarhylpalygiloxgnes) Taigiments, dgeyp@yafléme retardants

Exanpl e 2). Advant.ageoqus oper t.i i_n.respect conpressi ve .
strength were achi(%g'egn%e{ﬁu Fg’Sﬁli)EfeﬁeF%%{P%oﬁﬁgt ‘ge%%er‘%ngtagﬁltzﬁs,aplast1c1zers,
term nal m xed bl gakgiftaid Nghdd YaRtetiOsthdd EQLSEn&Q/ SM1Rs @Y. 78akidd - duldte,
Al-5; cf. Table 1, anples 4, 5 and 6). Particularly advant ageous
properties in WOkgtizuhedbykpCcwhitpeitdly 0@0¢easc-ag8as- respect of
conpressive strength and tensile strength were achieved with a

pol yet her carbonate polyol with a term nal m xed bl ock having a ratio

PO/ EO of 30/ AfhebdhndiarG SubslaRbarnt adBARPIRS are RRGnL-to FaBL& chncomitantly

Production and properties of the flexible polyurethane foam bl ocks

1 (Conp.) 2 (aBodgscyib&l e.g. in EP-A 0 000 389, pages 18 — 21. Other examples of auxiliary
substances and additives that are optionally to be used concomitantly according to
the invention, and details of the mode of use and mode of action of these auxiliary
substances and additives, are described in Kunststoff-I1andbuch, volume VII, edited

by G. Oertel, Carl-Hanser-Verlag, Munich, 3™ edition, 1993, e.g. on pages 104 —
127.

Preferred catalysts are aliphatic tertiary amines (e.g. trimethylamine, tetramethyl-
butanediamine), cycloaliphatic tertiary amines (e.g. 1,4-diaza(2,2,2)bicyclooctane),
aliphatic amino ethers (e.g. dimethylaminoethyl ether and N,N,N-trimethyl-N-
hydroxyethylbisaminoethyl ether), cycloaliphatic amino ethers (e.g. N-ethyl-
morpholine), aliphatic amidines, cycloaliphatic amidines, urea, urea derivatives (e.g.
aminoalkylureas; cf., for example, EP-A 0 176 013, especially (3-dimethylamino-
propylamine)urea) and tin catalysts (e.g. dibutyltin oxide, dibutyltin dilaurate, tin

octanoate).

Particularly preferred catalysts are

) urea, urea derivatives and/or

B) amines and amino ethers each comprising a functional group that reacts
chemically with the isocyanate. The functional group is preferably a

hydroxyl group or a primary or secondary amino group. These particularly
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preferred catalysts have the advantage of exhibiting a greatly reduced

migration and emission behaviour.

The following may be mentioned as examples of particularly preferred catalysts:
(3-dimethylamimopropylamine)urea, 2-(2-dimethylaminoethoxy)ethanol, N,N-bis-
(3-dimethylaminopropyl)-N-isopropanolamine,  N,N,N-trimethyl-N-hydroxyethyl-

bisaminoethyl ether and 3-dimethylaminopropylamine.

Component AS

Optionally, compounds used as component A5 have at least two isocyanate-reactive
hydrogen atoms and a molecular weight of 32 to 399. These are understood as
meaning compounds having hydroxyl groups and/or amino groups and/or thiol
groups and/or carboxyl groups, preferably compounds having hydroxyl groups
and/or amino groups, which serve as chain extenders or crosslinking agents. These
compounds normally have 2 to 8, preferably 2 to 4, isocyanate-reactive hydrogen
atoms. Examples of compounds which can be used as component A5 are ethanol-
amine, diethanolamine, triethanolamine, sorbitol and/or glycerol. Other examples of

compounds of component A5 are described in EP-A 0 007 502, pages 16 — 17.

Component B
Suitable polyisocyanates are aliphatic, cycloaliphatic, araliphatic, aromatic and
heterocyclic polyisocyanates such as those described e.g. by W. Siefken in Justus
Liebigs Annalen der Chemie, 562, pages 75 to 136, for example those of formula
(IX):
QINCO)y (IX)
where
n=2—4, preferably 2 — 3, and
Q is an aliphatic hydrocarbon radical having 2 — 18 C atoms, preferably 6 — 10
C atoms, a cycloaliphatic hydrocarbon radical having 4 — 15 C atoms,
preferably 6 — 13 C atoms, or an araliphatic hydrocarbon radical having

8 — 15 C atoms, preferably 8§ — 13 C atoms.
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Examples are polyisocyanates such as those described in EP-A 0 007 502, pages 7 —

8. Preferred polyisocyanates are normally those which are readily available in
industry, e.g. 2,4- and 2,6-toluylene diisocyanate and any desired mixtures of these
1somers (“TDI”); polyphenylpolymethylene polyisocyanates such as those prepared
by aniline-formaldehyde condensation followed by phosgenation (“crude MDI”);
and polyisocyanates having carbodiimide groups, urethane groups, allophanate
groups, isocyarurate groups, urea groups or biuret groups (“medified poly-
isocyanates™), especially modified polyisocyanates derived from 2,4- and/or 2,6-
toluylene diisocyanate or from 4,401 - and/or 2,40 -diphenylmethane diisocyanate.
Preferably, the polyisocyanate used is at least one compound selected from the group
comprising 2,4- and 2,6-toluylene diisocyanate, 4,40 -, 2,40 - and 2,20 -
diphenylmethane diisocyanate, and polyphenylpolymethylene polyisocyanate
(“polynuclear MDI”). Particularly preferably, the polyisocyanate used is a mixture
comprising 4,40 -diphenylmethane diisocyanate, 2,40 -diphenylmethane
diisocyanate and polyphenylpolymethylene polyisocyanate.

To produce the flexible polyurethane foams, the reactants are reacted by the one-
stage process known per se, often using mechanical devices, e.g. those described in
EP-A 355000. Details of processing devices which are also suitable for the
invention are described in Kunststoff-Handbuch, volume VII, edited by Vieweg and

Héchtlen, Carl-Hanser-Verlag, Munich 1993, e.g. on pages 139 to 265.

The flexible polyurethane foams can be produced as foam mouldings or foam
blocks. The invention therefore provides processes for the production of flexible
polyurethane foams, the flexible polyurethane foams produced by these processes,
the flexible polyurethane foam blocks or flexible polyurethane foam mouldings
produced by these processes, the use of the flexible polyurethane foams for the
production of mouldings, and the mouldings themselves. The flexible polyurethane
foams obtainable according to the invention have e.g. the following applications:
furniture upholstery, textile padding, mattresses, car seats, head supports, arm rests,

sponges and component parts.
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The index indicates the percentage ratio of the amount of isocyanate actually used to

the stoichiometric amount, i.e. the amount of isocyanate (NCO) groups calculated

for conversion of the OH equivalent.

index = [(amount of isocyanate used) : (calculated amount of isocyanate)] = 100 (X)
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Examples

The present invention is illustrated in greater detail with the aid of the following
Examples, in which the materials and abbreviations used have the following

meanings and sources of supply:

A2-1: a trifunctional polyether polyol with an OH number of 48 mg KOH/g,
prepared by the DMC-catalysed alkoxylation of glycerol with a mixture
of propylene oxide and ethylene oxide in proportions of 89/11, and with
approx. 8 mol% of primary OH groups

A4-1: Tegostab® B 2370, a preparation of organo-modified polysiloxanes from
Evonik Goldschmidt

A4-2: Addocat® 108, an amine catalyst from Rheinchemie

A4-3: Addocat® SO, a tin catalyst from Rheinchemie

TDI-1:  a mixture comprising 80 wt% of 2,4-toluylene diisocyanate and 20 wt%
of 2,6-toluylene diisocyanate, with an NCO content of 48.3 wt%

TDI-2:  a mixture comprising 65 wt% of 2,4-toluylene diisocyanate and 35 wt%
of 2,6-toluylene diisocyanate, with an NCO content of 48.3 wt%

The analyses were performed as follows:

Dynamic viscosity: MCR 51 rheometer from Anton Paar, corresponding to DIN
53019

Hydroxyl number: according to standard DIN 53240

The gross density was determined according to DIN EN ISO 3386-1-98.

The compressive strength was determined according to DIN EN ISO 3386-1-98 (at
40% deformation after 4™ cycle).

The tensile strength and elongation at break were determined according to DIN EN
ISO 1798.

The proportion of CO; incorporated in the resulting polyethercarbonate polyol was
determined by 'H-NMR (Bruker, DPX 400, 400 MHz, pulse program zg30, wait
time dl: 10 sec, 64 scans). All samples were dissolved in deuterated chloroform.

The relevant resonances in the 'H-NMR (relative to TMS = 0 ppm) are as follows:



94. 97 vater [pBaI1*35¥E4* 3. 80 3.80 3.80 3.80 3.80 3.80 Ad4- TGP ZPOYS?
0.95 0.95 0.95 0.95 227 -

cyclic carbonate (formed as a by-product) with resonance at 4.5 ppm; carbonate
(resulting from carbon dioxide incorporated in the polyethercarbonate polyol) with
resonances at 5.1 to 4.8 ppm; unreacted PO with resonance at 2.4 ppm; polyether
polyol (i.e. without incorporated carbon dioxide) with resonances at 1.2 to 1.0 ppm;
1,8-octanediol (incorporated as starter molecule (if present)) with resonance at 1.6 to

1.52 ppm.

The molar proportion of polymer-incorporated carbonate in the reaction mixture is
calculated as below according to formula (XI), using the following abbreviations:
F{4.5) = area of the resonance at 4.5 ppm for cyclic carbonate {corresponds to one H
atorn)

F(5.1-4.8) = area of the resonance at 5.1-4.8 ppm for polyethercarbonate polyol and
one H atom for cyclic carbonate

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

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

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

present

Taking the relative intensities into account, the polymer-bound carbonate (“linear

carbonate” LC) in the reaction mixture was converted to mol% according to formula
(XTI} below:
F(5.1-4.8) — F(4.5)

LC= * 100 (XD)
F(5.1-4.8) + F(2.4) + 0.33 * F(1.2-1.0) + 0.25 * F(1.6-1.52)

The proportion by weight (in wt%) of polymer-bound carbonate (LCl ) in the

reaction mixture was calculated according to formula (XII):

[F(5.1-4.8) - F(4.5)] * 102
I = *100%

(XID)
N
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the value of N (“denominator” N) being calculated according to formula (XIII):

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

(XHD)

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

the molecular weight of the 1,8-octanediol starter used (if present).

The proportion by weight (in wt%) of cyclic carbonate (CCl ) in the reaction

mixture was calculated according to formula (XIV):

F(4.5) * 102

ccl * 100% (XIV)

the value of N being calculated according to formula (XIII).

To calculate the composition based on the polymer component (consisting of
polyether polyol, synthesized from starter and propylene oxide during the activation
steps taking place under CO,-free conditions, and polyethercarbonate polyol,
synthesized from starter, propylene oxide and carbon dioxide during the activation
steps taking place in the presence of CO,; and during copolymerization) from the
values of the composition of the reaction mixture, the non-polymer constituents of
the reaction mixture (i.e. cyclic propylene carbonate and any unreacted propylene
oxide present} were arithmetically eliminated. The proportion by weight of
carbonate repeating units in the polyethercarbonate polyol was converted to a
proportion by weight of carbon dioxide by means of the factor F = 44/(44+58). The
data for the CO, content of the polyethercarbonate polyol are normalized to the
proportion of the polyethercarbonate polyol molecule formed during the
copolymerization and optionally the activation steps in the presence of CO» (i.e. the

proportion of the polyethercarbonate polyol molecule resulting from the starter (1,8-
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octanediol, if present) and from the reaction of the starter with epoxide, added under

CO»-free conditions, was not taken into account here).

Determination of the molar proportion of primary OH groups: by 'H-NMR (Bruker
DPX 400, deuterochloroform):
To determine the content of primary OH groups, the polyethercarbonate samples
were first peracetylated.
The following peracetylation mixture was prepared for this purpose:

9.4 g of acetic anhydride p.a.

1.6 g of acetic acid p.a.

100 ml of pyridine p.a.
For the peracetylation reaction 10 g of polyethercarbonate polyol were weighed into
a 300 ml ground-glass Erlenmeyer flask. The volume of peracetylation mixture
depended on the OH number of the polyethercarbonate to be peracetylated, the OH
number of the polyethercarbonate polyol being rounded to the nearest tens digit
(based in each case on 10 g of polyethercarbonate polyol); 10 ml of peracetylation
mixture are then added per 10 mg KOH/g. Accordingly, for example, 50 ml of
peracetylation mixture were added to the 10 g sample of polyethercarbonate polyol
with an OH number of 45.1 mg KOH/g.
After the addition of glass boiling beads, the ground-glass Erlenmeyer flask was
provided with a riser tube (air condenser) and the sample was boiled for 75 min
under gentle reflux. The sample mixture was then transferred to a 500 ml round-
bottom flask and volatile constituents (essentially pyridine, acetic acid and excess
acetic anhydride) were distilled off over a period of 30 min at 80°C and 10 mbar
(absolute). The distillation residue was then treated with 3 x 100 ml of cyclohexane
(toluene was used as an alternative in cases where the distillation residue did not
dissolve in cyclohexane) and volatile constituents were removed for 15 min at 80°C
and 400 mbar (absolute). Volatile constituents were then removed from the sample
for one hour at 100°C and 10 mbar (absolute).
To determine the molar proportions of primary and secondary OH end groups in the
polyethercarbonate polyol, the sample prepared as above was dissolved in deuterated

chloroform and analysed by '"H-NMR (Bruker, DPX 400, 400 MHz, pulse program
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zg30, wait time d1: 10 sec, 64 scans). The relevant resonances in the 'H-NMR
(relative to TMS = 0 ppm) are as follows:

methyl signal of a peracetylated secondary OH end group: 2.04 ppm

methyl signal of a peracetylated primary OH end group: 2.07 ppm

The molar proportion of secondary and primary OH end groups is then worked out
as follows:

proportion of secondary OH end groups (CH-OH) =

F(2.04) / (F(2.04) + F(2.07)) * 100% (XV)
proportion of primary OH end groups (CH,-OH) =
F(2.07) / (F(2.04) + F(2.07)) * 100% (XV])

In formulae (XV) and (XVI) F represents the area of the resonance at 2.04 ppm or
2.07 ppm.

1. Preparation of polvethercarbonate polyol Al-1 by copolymerization of PO and

CO,

140 mg of DMC catalyst (prepared according to Example 6 of WO-A 01/80994) and
160 g of an anhydrous trifunctional poly(oxypropylene) polyol with an OH number
of 235 mg KOH/g were placed as H-functional starter substances in a 1 litre
pressurized reactor fitted with a with gas metering device. The reactor was heated to
130°C and rendered inert by the repeated application of nitrogen to approx. 5 bar and
subsequent pressure release to approx. 1 bar. This process was carried out 3 times.
25 g of propylene oxide (PO) were rapidly metered into the reactor at 130°C and in
the absence of CO,. The start of the reaction was signalled by a hotspot and by a
pressure drop to roughly the imitial value (approx. 1 bar). After the first pressure
drop 20 g of PO and then 19 g of PO were rapidly metered in, each time causing a
further hotspot and pressure drop. After 50 bar of CO; had been applied to the
reactor, 50 g of PO were rapidly metered in, causing a hotspot after a further wait
time. The carbon dioxide (CO») pressure started to drop at the same time. The
pressure was regulated in such a way that fresh CO, was added when the pressure

dropped below the set value. Only then was the remaining propylene oxide (387 g)
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pumped continuously into the reactor at approx. 1.8 g/min; after 10 minutes the
temperature was lowered to 105°C in steps of 5°C every five minutes. When the
addition of PO was complete, stirring (1500 rpm) was continued for a further 60
minutes at 105°C and the pressure indicated above. Finally, highly volatile
constituents were separated from the product by film evaporation.

Analysis of the resulting polyethercarbonate polyol Al-1:

Hydroxyl number: 54.9 mg KOH/g

Dynamic viscosity: 4115 mPas (25°C)

Content of incorporated CO,: 12.8 wt%

I1. Preparation of polyethercarbonate polyols with terminal alkvlene oxide block

Preparation of polvethercarbonate polyol Al-2 (PO/EQ = 100/0 [mol/moll)

(comparison)
403 g of polyethercarbonate polyol Al-1 were placed in a 2 1 laboratory autoclave

under a nitrogen atmosphere, heated to 130°C and then stripped with nitrogen at this
temperature for 30 minutes at a pressure of 0.1 bar (absolute). 68.8 g (1.184 mol) of
PO were then metered into the reactor at 130°C over a period of 5 minutes, with
stirring. After a post-reaction time of 90 minutes, highly volatile constituents were
removed by heating at 90°C for 30 minutes under vacuum and the reaction mixture
was then cooled to room temperature.

Analysis of the resulting polyethercarbonate polyol Al1-2:

Hydroxyl number: 47.3 mg KOH/g

Dynamic viscosity: 3130 mPas (25°C)

Content of primary OH groups: 8 mol%

Preparation of polvethercarbonate polyol Al-3 (PO/EO = 70/30 [mol/mol])
{comparison)

385 g of polyethercarbonate polyol Al-1 were placed in a 2 |1 laboratory autoclave

under a nitrogen atmosphere, heated to 130°C and then stripped with nitrogen at this
temperature for 30 minutes at a pressure of 0.1 bar (absolute). A mixture of 46.1 g
(0.793 mol) of PO and 15.0 g (0.340 mol) of EQ was then metered into the reactor at

130°C over a period of 5 minutes, with stirring. After a post-reaction time of 90



28.9 31.5 30.%02%2463% 9 24. 2 Conpressive strength [kPa] T4 TERBY2080192
6.8 7.6 7.3 5.5 Tensile strength [kPa] -32-

minutes, highly volatile constituents were removed by heating at 90°C for 30
minutes under vacuum and the reaction mixture was then cooled to room
temperature.

Analysis of the resulting polyethercarbonate polyol Al-3:

Hydroxyl number: 45.1 mg KOH/g

Dynamic viscosity: 3735 mPas (25°C)

Content of primary OH groups: 21 mol%

Preparation of polyethercarbonate polvel Al-4 (PO/EQ = 50/50 [mol/mol])

310 g of polyethercarbonate polyol Al-1 were placed in a 2 | laboratory autoclave
under a nitrogen atmosphere, heated to 130°C and then stripped with nitrogen at this
temperature for 30 minutes at a pressure of 0.1 bar (absolute). A mixture of 26.4 g
(0.454 mol) of PO and 20.1 g (0.456 mol) of EO was then metered into the reactor at
130°C over a period of 5 minutes, with stirring. After a post-reaction time of 90
minutes, highly volatile constituents were removed by heating at 90°C for 30
minutes under vacuum and the reaction mixture was then cooled to room
temperature.

Analysis of the resulting polyethercarbonate polyol Al-4:

Hydroxyl number: 44.7 mg KOH/g

Dynamic viscosity: 4380 mPas (25°C)

Content of primary OH groups: 29 mol%

Preparation of polvethercarbonate polyol Al1-5 (PO/EQ = 30/70 [mel/mol])

401 g of polyethercarbonate polyol Al-1 were placed in a 2 1 laboratory autoclave
under a nitrogen atmosphere, heated to 130°C and then stripped with nitrogen at this
temperature for 30 minutes at a pressure of 0.1 bar (absolute). A mixture of 22.5 g
(0.387 mol) of PO and 39.8 g (0.902 mol) of EO was then metered into the reactor at
130°C over a period of 5 minutes, with stirring. After a post-reaction time of 90
minutes, highly volatile constituents were removed by heating at 90°C for 30
minutes under vacuum and the reaction mixture was then cooled to room
temperature.

Analysis of the resulting polyethercarbonate polyol Al-5:
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Hydroxyl number: 47.5 mg KOH/g
Dynamic viscosity: not determinable at 25°C as Al1-5 is a solid

Content of primary OH groups: 37 mol%

Preparation of polyethercarbonate polyol Al-6 (PO/EQ = 0/100 [mol/mol])

{comparison)
401 g of polyethercarbonate polyol Al-1 were placed in a 2 1 laboratory autoclave

under a nitrogen atmosphere, heated to 130°C and then stripped with nitrogen at this
temperature for 30 minutes at a pressure of 0.1 bar (absolute). 56.8 g (1.288 mol) of
EO were then metered into the reactor at 130°C over a period of 5 minutes, with
stirring. After a post-reaction time of 90 minutes, highly volatile constituents were
removed by heating at 90°C for 30 minutes under vacuum and the reaction mixture
was then cooled to room temperature.

Analysis of the resulting polyethercarbonate polyol Al-6:

Hydroxyl number: 47.3 mg KOH/g

Dynamic viscosity: not determinable at 25°C as A1-6 is a solid

Content of primary OH groups: 53 mol%

IIl. Production of flexible polyurethane foam blocks

The starting materials listed in the Examples in Table 1 below were reacted together
according to the processing method conventionally used for the production of
polyurethane foams by the one-stage process.

Surprisingly, the flexible polyurethane foam blocks according to the invention
(Examples 4 to 6), in which polyethercarbonate polyols with a terminal mixed block
of propylene oxide (PO) and ethylene oxide (EQ) in a molar ratio PO/EQO of 15/85 to
60/40 were processed, exhibited a higher compressive strength and a higher tensile
strength than flexible foam blocks based on a polyether polyol (A2-1; cf. Table 1,
Comparative Example 1) or on a polyethercarbonate polyol with a terminal
propylene oxide block (A1-2; cf. Table 1, Comparative Example 2). Advantageous
properties in respect of compressive strength were achieved with polyethercarbonate
polyols with a terminal mixed block having a ratio PO/EO of 50/50 or 30/70 (Al1-4
or Al-5; cf. Table 1, Examples 4, 5 and 6). Particularly advantageous properties in
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A4-3 [pbw] 0.19 0.19 0.19 0.15 | 017 | 0.17 0.17
Component B
TDI-1 [pbw] 100 100 90 100 | 100 80 100
TDI-2 [pbw] 10 20
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break

Abbreviations: Comp. = Comparative Example; pbw = parts by weight; WR (A:B)} = weight ratio of
component A to component B at the indicated index, based on 100 parts by weight of component A
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catalyst being added to the H-functional starter substance or the
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drying,

(5 for activation, a fraction (based on the total amount of alkylene
oxides used in the activation and copolymerization) of one or more
alkylene oxides is added to the mixture resulting from step (o), it
optionally being possible for this addition of an alkylene oxide
fraction to take place in the presence of CQO,, the hotspot that occurs
due to the subsequent exothermic chemical reaction and/or a pressure
drop in the reactor then being allowed to subside, and it also being
possible for the activation step (8) to be carried out several times, and

") one or more alkylene oxides and carbon dioxide are added to the

mixture resulting from step (), it being possible for the alkylene
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38 - the preparation taking place at an index of 50 to 250, and all
the parts by wei ghongftingoefoneyless g¥ide P ASiidrethenepredeiO)pataentlar ratio

component s Al 1A 1TDEAO OIS I Bh i o 100, 13 Process accor ding to
Claim 12 wherein a conponent A consisting of
4, Process according to one of Claims 1 to 3, characterized in that, in the second
step (i1), the molar ratio of propylene oxide (PO) to ethylene oxide (EO) is
from 15/85 to 40/60.

5. Process according to one of Claims 1 to 4, characterized in that
(i) the chain of the polyethercarbonate polyol with terminal mixed block,

resulting from step (i1), is extended with an alkylene oxide.

6. Polyethercarbonate polyol comprising a terminal mixed block of at least two
alkylene oxides, characterized in that the terminal mixed block comprises a
mixture of propylene oxide (PO) and ethylene oxide (EO) in a molar ratio

PO/EO of 15/85 to 60/40.

7. Polyethercarbonate polyol according to Claim 6, characterized in that the
terminal mixed block consists of a mixture of propylene oxide (PO) and

ethylene oxide (EO) in a molar ratio PO/EO of 15/85 to 60/40.

8. Polyethercarbonate polyol according to Claim 6 or 7, characterized in that the
molar ratio of propylene oxide (PO) to ethylene oxide (EO) in the mixed
block is from 15/85 to 40/60.

9. Polyethercarbonate polyol according to one of Claims 6 to 8, characterized in
that the chain of the terminal mixed block is extended with an alkylene

oxide.
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12. Process for the production of flexible polyurethane foams with a gross
density according to DIN EN ISO 3386-1-98 in the range from =10 kg/m® to
<150 kg/m’ and a compressive strength according to DIN EN ISO 3386-1-
98 in the range from =0.5 kPa to <20 kPa (at 40% deformation after 4™
cycle) by reacting
component A comprising
Al 100 to 10 parts by weight (based on the sum of the parts by weight of
components Al and A2) of polyethercarbenate polyol according to
one of Claims 6 to 10,

A2 0 to 90 parts by weight (based on the sum of the parts by weight of
components Al and A2) of conventional polyether polyol,

A3 0.5 to 25 parts by weight (based on the sum of the parts by weight of
components Al and A2) of water and/or physical blowing agents,

A4 0.05 to 10 parts by weight (based on the sum of the parts by weight of
components Al and A2) of auxiliary substances and additives such as
d) catalysts,
€) surface-active additives and
f) pigments or flame retardants, and

A5 0 to 10 parts by weight (based on the sum of the parts by weight of
components Al and A2) of compounds having isocyanate-reactive
hydrogen atoms with a molecular weight of 62 — 399,

with component B comprising polyisocyanates,



20 kPa (at 4098 3420638t i on after 4th cycle), obtainable B)ngEPﬁp]&g)gg@?.

according to one of Clains 11 to 14. -38-

13.

14.

15.

the preparation taking place at an index of 50 to 250, and all the parts by
weight of components Al to A5 in the present patent application being
scaled so that the sum of the parts by weight of components A1+A2 in the

composition is 100.

Process according to Claim 12 wherein a component A consisting of

Al 100 parts by weight of polyethercarbonate polyol according to one of
Claims 6 to 10,

A2 0 parts by weight of conventional polyether polyol,

A3 0.5 to 25 parts by weight (based on the parts by weight of component
A1) of water and/or physical blowing agents,

A4 0.05 to [0 parts by weight (based on the parts by weight of
component Al) of auxiliary substances and additives such as
) catalysts,
h) surface-active additives and
1) pigments or flame retardants, and

A5 0 to 10 parts by weight (based on the parts by weight of component
A1) of compounds having isocyanate-reactive hydrogen atoms with a
molecular weight of 62 — 399

1s used.

Process for the production of flexible polyurethane foams wherein a polyol
component (component A) is used which comprises a polyethercarbonate

polyol obtainable according to one of Claims 1 to 5.

Flexible polyurethane foams with a gross density according to DIN EN ISO
3386-1-98 in the range from =10 kg/m® to <150 kg/m’ and a compressive
strength according to DIN EN ISO 3386-1-98 in the range from =0.5 kPa to
<20 kPa (at 40% deformation after 4™ cycle), obtainable by a process

according to one of Claims 11 to 14.



