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The present invention relates to an integrated process for the prep@rpﬂApmﬁ
of polyurethanes fromisocyanates and pol yet her pol yol s and/ or nodifie

pol yet herols 10 whi ch are obtai nabl e usi ng propyl ene oxide, in particular by
using multimetal cyanide conpounds as catal yst, the propyl ene oxi de being
prepared by epoxidation of propene with at |east one hydroperoxide. In
addition, the present invention relates to polyurethanes which can be
prepared by a novel process and to nol dings which contain a polyurethane
prepared according to the invention. 15 Pol yurethanes prepared according to
the invention are particularly suitable for the preparation of polyurethane
f oans, pol yurethane cast skins and el astoners. The properties of the

pol yur et hane, such as nechani cal properties and odor, 20 depend to a
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the preparation and nay depend on the blow ng agents used. In particular,
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t he propyl Ehe pssectle iasdlion rplapatoatn ontegfatech @roqssd e Her prapewttionsofand/ or

pol yur et hapag@iifindd frstydGodyhiksild polAAPLIOBR MR AR nd bl liteRld ndustr i es

are increasi hgly demandi ng”pol yur et'hanes ] are as free as_ 30 possible of
odor o€ sulBichn¥e oA USEIEOOPYITRE ©Xidee AN g3agiigild, by Heingempjtipgetal

speci fi cat mﬂ_idefcoﬁqmai@srﬁﬁaya&%@,rth&?row)!enz 0Ridefbei pated by ep@fdatipescri bes a
maxi mum em%tsm on val.ue o& 100‘&25 or vo a%h'élﬂ% subst ances and of . 250 ppm for
condensabl & BIAPERS Hels 2h £23ph %P?IBF‘ n gHiope e PESE, IYENUHR o ¢ he
one hand, telaes toppotyiréibanes witidtecapdeypregirbdbe a nogaldprotessany tcmpkidngso
compounds Dk ndnalh 4 6N MaAdBlepa Tl B RE b HSiplOfigpse Of the

pol yur et hanes™ or po €u et hanet 1 Sans - on e other “hand, the inmpurities | ead
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in particupg &—ygx%shgﬂe %&lfcfor%%(i@ tﬁeeﬂHgﬁti&hEref ﬁgﬁédﬁsﬁme 18f tfehe pol yol s

conpared wt otetica tirator unctloalt% ence result in a

signifi canPch@%@‘Pfi of ralywathepe fogmsnpalasthane cast sloas endelastpmessar t i cul ar, for
exanpl e, tensile strength, elongation, tear propagation strength, rigidity
and The properties of the polyurethane, such as mechanical properties and odor,
20 depend to a particularly high degree on the isocyanates and polyether alcohols used
for the preparation and may depend on the blowing agents used. In particular, the
structure of the polyether alcohols has a considerable effect on the properties of the
polyurethanes obtained. The properties of the polyether alcohols are influenced by
the process for the preparation of the polyether alcohols and in particular by the

25  properties and the process for the preparation of the starting materials.

The reduction of the impurities in the propylene oxide and/or preparation of the
polyether alcohols and/or polyurethanes are of wide interest. The automotive and
furniture industries are increasingly demanding polyurethanes which are as free as
30 possible of odorous substances and emissions. Thus, for example, the testing
specification of DaimlerChrysler PB VWL 709 of January 11, 2001 prescribes a
maximum emission value of 100 ppm for volatile substances and of 250 ppm for

condensable substances as mandatory for interior vehicle parts.

35 On the one hand, the impurities in the polyurethanes lead in many cases to
compounds having an intense odor. This restricts the use of the polyurethanes or
polyurethane foams. On the other hand, the impurities lead to monofunctional



5 abrasion resistance. Propyl ene oxide, prepared by the known processes for
the preparation, which are described, for exanple, in Wissernel, Arpe,

| ndustrielle O gani sche Chenmie, VCH Verlag, Winheim 4th Edition,(paie3006
288 to 318, has the disadvantage that 10 it contains substantial inpurities.
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20 which havc an intense odor and are undesirable for the polyurethane preparation
increases with increasing chain length.

The reduction of the functionality is disadvantageous in particular for elastomers
since the polyether alcohols used are as a rule bifunctional. As a result of the

25 monofunctional impurities in the polyether alcohol, the functionality is less than 2,
which results in a significant deterioration in the mechanical properties of the
polyurethane, in particular tensile strength and elongation.

The secondary compounds formed by the secondary reactions of the base- or acid-
30 catalyzed conversion are moreover present in some cases as odorous substances in
the polyurethane. Examples are aldehydes, in particular propionaldehyde,
cycloacetals, allyl alcohols and the reaction products thereof. The automotive and
furniture industries are increasingly demanding polyetherols and polyurethanes
which have little odor or are odorless.
35
Multimetal cyanide compounds are known from the prior art as catalysts for
polyadditions, in particular for ring-opening polymerizations of alkylene oxides, as
described, for example, in EP-A 0 892 002, EP-1 0 862 977 and EP-A 0 755 716.



by neans of nmultinmetal cyanide catal ysts from propyl ene oxide, for the
preparation of flexible polyurethane foams. However, the problemhere is
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Intermediates, gives polyurethanes which have a low content of impurities, in

20 particular of low molecular weight compounds having an intense odor.

We have found that this object is achieved, according to the invention, by an
integrated process for the preparation of a polyurethane, comprising at least the
following steps:
25 (1)  epoxidation of propene with at least one hydroperoxide to give
propylene oxide;

2) reaction of the propylene oxide from step (1) or a mixture of the
propylene oxide from step (1) and at least one further alkylene
oxide to give a polyether alcohol, in particular by using multimetal

30 cyanide compounds as catalyst;
(3) reaction of a polyether alcohol from step (2) with at least one

isocyanate.

In the context of the present invention, polyether alcohols are understood as
35  meaning in particular polyetherpolyols and modified polyetherols which are
obtainable using propylene oxide.

For the purposes of the present invention, hydrogen peroxide has proven to be a
particularly suitable hydroperoxide for the epoxidation according to step (1). This



bei ng hydrogen peroxide. The epoxidation according to step (1) is disclosed
in principle, for exanple, in DE 10055652.3 and further patent appliicdiRi 8ifs
of the Applicant, for exanple 10 DE 10032885.7, DE 10032884.9, DE
10015246.5, DE 19936547.4, DE 19926725.1, DE 19847629.9, DE 19835907.1 and
DE 19723950.1, the relevant content 01 which is herﬁgmggp %ed inits
entirety in the context of the present application y heans o
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step (1) are described, for exanple, in DE 100 55 652.3. 5 In the novel
process, tlhahe eendtit@d tiaf prebent paeption, Gf compolndsrasp endecitded as mepingi cul ar
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Possi bl e
2-methylpentane, 4-methylpent-1-ene, n-hexane, hexenes, such as 1-hexene, and

20 components having 6 carbon atoms and additionally one or more functional groups
from the class consisting of the aldehydes, carboxylic acids, alcohols, ketones and
ethers. Other undesired impurities are propane derivatives, in particular chlorinated
propane derivatives, acetaldehyde, propionaldehyde, acetone, dioxolanes, allyl
alcohol, pentane, methylpentanes, furan, hexane, hexene, methoxypropane and

25 methanol.

The propylene oxide obtained in step (1) may also contain, as further secondary
components, up to 100, in particular up to 40, ppm of methanol and up to 10,
preferably up to 4, ppm of acetaldehyde.
30

Compared with other known processes for the preparation of propylene oxide,
which are described, for example, in Weissermel, Arpe, Industrielle Organische
Chemie, VCH-Verlag, Weinheim, 4th Edition, pages 288 to 318, the novel step (1)
gives propylene oxide which has a very low contamination with Cé6 components

35 and contains no organochlorine impurities.

In a further embodiment, the present invention therefore relates to an integrated
process for the preparation of a polyurethane, the propylene oxide obtained in step
(1) containing < 1 ppm of C6 impurities.



catal ysts for the conversion of the propylene into propyl ene oxide are in ‘
principle all catalysts, preferably all heterogeneous catal ysts, wh ZMAR?ES
-~ suitable for the respective conversion. 10 Preferably used catal ysts are

t hose which conprise a porous oxidic material, e.g. a zeolite. Catalysts

whi ch conprise a titanium, vanadium,_chrom um, nigQbi | n-

germani um or zirconiumcontaining zeotite as porousﬁ%mzﬁ'ﬁ/&ﬁal S are
preferably used. 15 In particular, zeolites exist which contain no al um num
and in whigh titani L(LV) . resent instead .of .some_of the Si(1V) in
the sili ca#éta%)%t ?’((:1(}3{{8 ﬁﬁg %t %{%él)xhdr%ﬁogé’ Ileetpegt) a?engf)sﬂlg?%’u ran?rgiglg 2 havi ng a
crystal stPBd0058 662.3t he MFI type, and possibilities for their preparation
are described, for exanple, in EP-A 0 311 983 or 20 EP-A 0 405 978. It is
known that titanium zeolites having the MFl structure can be identified from
a spexifilo thanevel pracass; M raeationmml fag propenst with aihydieperpxide, {1f paedlan patterns
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assi gned HﬁSPRP‘E‘éfyC %% s to the ABW ACO AEl, AEL, AEN, AET, AFG AFI,
AFN, 1AFO, AFR, AFS, AFT, AFX, AFY, AHT, ANA, APC, APD, AST, ATN, ATO, ATS,

ATT. ATV, B | K BPH BRE. CAN. CAS. CFL.. OGS, CHA
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MOR  NBO, emk#%m |\/§Tf"lr m al’%,zekﬁg, ”@?‘I%E’,d‘@fw%ﬁw PAU, PHI,
RHO, RON, mrsfrrabhyresedrTH, RUT, SAO, SAT, SBE, SBS, SBT, SFE. SGT. SOD, STE,
STI, §IT, TER, THO, TON, TSC, VET, VFI, VNI, VSV, 0 2 MAR 2006 - 5 - PF
0000052857/ Kes. . VET, MEN, .YUG and ZON structures and to m xed structures of
two or ror P&F’“ﬂ%é%‘&?e%ﬁtu‘?%ggﬁogﬁa%ﬁ? Qoynusy %%WBH{%FW&? zeol i tes
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in the novz%(l)lil% ,Of:ne%gﬂicular those having a crystal structure of the MFI type, and

possibilities for their preparation are described, for example, in EP-A 0 311 983 or
20  EP-A 0405978

It is known that titanium zeolites having the MFI structure can be identified from a
specific pattern in the determination of their X-ray diffraction patterns and
additionally from a lattice vibration band in the infrared region (IR) at about 960

25 cm’ and thus differ from alkali metal titanates or crystalline or amorphous TiO,
phases.

Specific examples are titanium-, vanadium-, chromium-, niobium-, tin-,
germanium- and zirconium-containing zeolites having a pentasil zeolite structure,
30 in particular the types assigned by X-ray analysis to the ABW, ACO, AEI, AEL,
AEN, AET, AFG, AFI, AFN, AFO, AFR, AFS, AFT, AFX, AFY, AHT, ANA,
APC, APD, AST, ATN, ATO, ATS, ATT, ATV, AWO, AWW, BEA, BIK, BOG,
BPH, BRE, CAN, CAS, CFI, CGF, CGS, CHA, CHI, CLO, CON, CZP, DAC,
DDR, DFO, DFT, DOH, DON, EAR, EDI, EMT, EPI, ERI, ESV, EUO, FAU,
35  FER, GIS, GME, GOO, HEU, IFR, ISV, ITE, JBW, KFI, LAU, LEV, LIO, LOS,
LOV, LTA, LTL, LTN, MAZ, MEI, MEL, MEP, MER, MFI, MFS, MON, MOR,
MSO, MTF, MTN, MTT, MTW, MWW, NAT, NES, NON, OFF, OS], PAR,
PAU, PHI, RHO, RON, RSN, RTE, RTH, RUT, SAO, SAT, SBE, SBS, SBT,
SFF, SGT, SOD, STF, STI, STT, TER, THO, TON, TSC, VET, VFI, VNI, VSV,



Exanpl es of further titaniumcontaining zeolites are those havi ng the ZSM 48
or 5 ZSM 12 structure. Titanium zeolites having the MFI, MEL or 4%@: ;
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20
According to the invention, the propylene oxide obtained by the epoxidation
according to step (1) is converted in the presence of suitable catalysts into a
polyether alcohol. Examples of catalysts are in particular (a) basic catalysts, for
example alkali metal and alkaline earth metal hydroxides, in particular sodium

25 hydroxide or potassium hydroxide or alkali metal alcoholates, e.g. sodium
methylate, sodium ethylate, potassium ethylate or potassium isopropylate, (b)
acidic catalysts, for example Lewis acids, such as antimony pentachloride, boron
fluoride etherate and bleaching earths, and heterogeneous catalysts, such as
multimetal cyanide catalysts.

30
After the synthesis, the catalyst is usually removed by neutralization, distillation
and filtration. In the case of the multimetal cyanide catalysis, the catalyst is filtered
off, its content is reduced by filtration and/or it remains in the polyetherol.

35 In a very preferred embodiment, the reaction to give polyether alcohols is carried
out in the presence of multimetal cyanide catalysts.

In the reaction to give polyether alcohols, the propylene oxide obtained according
to step (1) can be used directly in the reaction according to step (2). For the



I nvention, a suitable purification is, for exanple, precision distillation.
Suitable processes are described, for exanple, in EP-B O 557 116. § JRem Hie
pur poses of the present invention, the propyl ene oxide obtai ned according

to step (1) can be used alone or together with at | east one further alkyl ene

oxi de. For the purposes of the prese I nvention, i d%doﬁ | al kyl ene
oxi des which are known to a person swltlled I n the alirlst ca §%e7‘51§§4d I n

addi ti on tpurpdses pf tsypresent axvetiion Ohaisewer.niéds atsoqpagsible fas the @porvlene for t he
preparati d%ff anpﬁl%%?ﬁﬁ?iistz;b ?{%a@&cﬁfrdé gnpl(% ‘bg?i&‘@&’ A2dordld RAfHe! cul ar,

substltut or unsubstitute | ene OXI car bon atons, for
exanpl e allRYANEAR #8pihie wavﬁﬁ@tlmms@é% exmﬂpoasqcm%ﬁeyaam@ Satitakle or

amoni UM piRebiel BRHcSeriRide fateR8mpledid BP- Eﬁﬁ%’@'l% the following are suitable
according to the invention: ethyPene oxi de, 1, 2-epoxypropane,

1, 2- epoxy- 2- met hyl propane, 1, 2- epoxybut ane, 2, 3- epoxy- but ane,
1, 2- epoxy Fr mmmg@nm eeer@mwenneﬂttﬁacpropwaw&mwoﬁaﬁiea Ayédpeingane,

2- h 2- 1, 2-
ehoxy decaie oL ) Eisbs Bitataneof Destich ST BehABe Mttt IR BHbent ane, 20
1, 2- epoxy Epc thelpexposes o(me@f@pm?mmml mm-imqﬂeall\alklmlem)dxucwsevm& arhenoxy- 1 2-
epoxypro -
2p3 gBOXS figg‘?)"rl (%)0 §p§ﬁ§§ ﬁg@wé{ gj%e%g%p‘% Esﬁfﬁg%%%?%‘gg{% yleae Wl Stearate,

4, 5- lé[@;)xy péfwyeld 3&@@‘@1&1360 sep3 ). dpothemremytioncofirpely¢thersicchod aeqmodingr opyIt
acryl ate anoat e,
y eégl(gy) b&%&a mwél or %&x&ds@igﬁr | gﬂch/g}?ﬁgl%y SGROXYDYY

4 (trlrrethyls oxl1 de, but ane

2- epoxi G&bon_aqsay, ffPEGFQfﬁﬁlle yigne pides bavigs hatogepy Bydiogs seneieliypr opene

ox. de, 3- eRRF bt MBMORNLY SutRfiQRAR CareXk&le, 4- (2, 3- epoxypropyl ) nor phol i ne,
1- (oxiran-2-yl nmethyl)pyrrolidin-2--one and m xtures of two or nore thereof.

30 Particular exanples are aliphatic 1,2-alkylene oxides of 2 to 4 carbon
atomgs f ofFor exm@é ethefcmdvang amxduitable laclorditigytoahe irnxhiien: ethydedeldxidegne oxi de
and i sobut Ien OXId &5 of 540 24 carbon

at ons, cyéﬂo 5?1 f#(_eg&gﬁ 55?(?]{5@3% oF exarﬁ?%y gnf%%()é(yéxi de,
cycl ohenehetaow 1d2reptDX3&351;t®hylbm@h@d02;Iepmypﬁeme nb}-‘l@goxise3 rm’tliylaelahlilqohat iC
alkyl ene 9%l 4esyhddhe exaﬁt@%&ﬁ%{aﬁ@e 1228 oline quz%@&?%mese 0f the

present i nVe ypropané epoxy Ut ane,
 3- epoxyEPf?’a’ﬁéca‘@t y]r pRANSEER I nlyi@mmse%ﬂs ahy-caeRyCyel@pentanayaR 2006

-8 B OOQQO@I:Z)&%%&ﬁﬁexandn 0oL 31E RSk RS yDBENMnE h vaigoan@ak Nalplhexpapti cul arly
suitable, epo:Py%%p%lnle, 2% ep%xymethyl ether, 2,3-epoxyethyl ether, 2,3-epoxyisopropyl
ether, 2,3-epoxy-1-propanol, 3,4-epoxybutyl stearate, 4,5-epoxypentyl acetate, 2,3-
epoxypropyl methacrylate, 2,3-epoxypropyl acrylate, glycidyl butyrate, methyl
glycidate, ethyl 2,3-epoxybutanoate, 4-(trimethylsilyl)butane 1,2-epoxide, 4-
25 (triethylsilyl)butane  1,2-epoxide,  3-(perfluoromethyl)propene  oxide, 3-
(perfluoroethyl)propene  oxide, 3-(perfluorobutyl)propene oxide, 4-(2,3-
epoxypropyl)morpholine, 1-(oxiran-2-ylmethyl)pyrrolidin-2-one and mixtures of

two or more thercof.

30 Particular examples are aliphatic 1,2-alkylene oxides of 2 to 4 carbon atoms, for
example ethylene oxide, 1,2-butylene oxide, 2,3-butylene oxide and isobutylene
oxide, aliphatic 1,2-alkylene oxides of 5 to 24 carbon atoms, cycloaliphatic
alkylene oxides, for example cyclopentene oxide, cyclohexene oxide or 1,5,9-
cyclododecatriene monoxide, and araliphatic alkylene oxides, for example styrene

35 oxide.

For the purposes of the present invention, ethylene oxide, 1,2-epoxypropane, 1,2~
epoxybutane, 2,3-epoxybutane, styrene oxide, vinyloxirane and any desired



oxi de, 1, 2-epoxypropane and m xtures of ethyl ene oxide and 1, 2- epoxypropane.
If, in addition to the propyl ene oxi de obtained according to step (%L’M@gzms
| east one 5 further al kylene oxide is used, it is possible, accordi 6

the invention, to use a mxture of the propyl ene oxi de obtained according to
step (1) and at least one further alkglene oxide. F?F@W%@osz%&wk@ al so
possible for the rposes of the present _invention for t pr op yFene oxi de
obt ai ned a@ESHEH ﬁgerp@f sttdpone pnother are patisulagpesvitable; geneciglly\ateyleneoxi de to
be added '6k1§é’q021§?d)@'ﬁrop7aﬂeIﬁ@nﬁﬂhb&%tdf%fhy?én%@iﬂiesanﬁm% Rypahble reaction
according to step (2) may also have, for exanple, block structures. The
structure of the polyether alcohols can be controlled within w de ranges by

sui t abl e rHaﬁi ammotuiﬂfelIﬁepyle&lbiﬁbIcmtai@aichacommgwduepl(q))mtﬂmt bhe reaction

accor dj é% desc E %r exa tzl %_ 99/ 16775. The
pol yet 06h 8 toﬁf e‘ﬁ ”58 Jf & Pgssiole.&° A, DYSUPRG G VSR be

nmodi fi ed 1fmxtum=:hﬁ the quropyiana o gledongined astc&rhn(ga)o stﬁxalmhms apnleasoond | ed

pol yet hero i g Ly ar those
hi on are SrUBLfyas BEGe Py ke ) ish o bBaP e ndosct B BRI & T he
presence omvgnioyleﬁomlnanpmpylepgonudee@btamsqb@c@rdmg to B (dala;zdlasr )\eamhomm are

pr epar ed mnes in the presence of

pol yet her%nﬁ&gﬁgﬁg&l %‘gigf/géﬁgﬁéﬂgw‘% : g('é:l? pol yol' s (PI PA polyols) which
are pk@épared by reacting diisocyanates and amino alcohols in the presence

of polyet hﬂieob&yet%ér Im@ha@%m@éh B?Ctﬁé deReoh AcsrBmg( e%) stéﬁ fnrayeﬂscput in the
presence aof | ti metraT%]'O cyani d ound as cat a& table catal ysts
are descri 8 OFS?“‘“ERIQ ek Sﬂctu% StEteine g dhegpolyefsars  CaRRer di ng t o
the i nventdoaolléd vqfiﬂﬁﬁ iviidé ahngegLbyt mmﬁbw reuyA6h tienmﬁamtmﬂﬁblef readtorf or mul a |

are used as Ial for e accordin 2
VLAl e OV BEARE R Rl D escRing F5 St e 82 S8R oL Hriler BNO et at i on
sel ect®d f9%h%/he group consisting of Zn2+, Fe2+, Fe3+, Co3+, Ni 2+, M2+,

Co2+, Sn2+, Pb2+, Ma+, M6+ , Al3+, V4+, Vs+, Sr2+, Wi+, We+, Cr2+, Cr 3+,

Cd2+, Hg2+, Pd2+, Pte+, 0 2 MAR 2006 -9- PF 0000052857/ Kes
The polyether alcohols obtained accordmg to step (2) can, if required, be modified

for the reaction according to step (3). Examples of modified polyetherols are in
particular graft polyetherpolyols, in particular those which are prepared by
20 polymerization of styrene and acrylonitrile in the presence of polyetherols,
polyurea dispersions (PUD polyols) which are prepared by reacting diisocyanates
and diamines in the presence of polyetherols, and polyisocyanate polyadduct
polyols (PIPA polyols) which are prepared by reacting diisocyanates and amino
alcohols in the presence of polyetherols.
25
The reaction according to step (2) is carried out in the presence of a multimetal
cyanide compound as a catalyst. Suitable catalysts are described, for example, in
WO 99/16775 and DE 10117273.7. According to the invention, in particular
multimetal cyanide compounds of the formula I are used as catalysts for the
30 reaction according to step (2):

M IM*(CN)L(A)e]a-fM X - h(H,0)-L-kP D,

where
35
- M! is at least one metal ion selected from the group consisting of
Zn2+ Fe2+ Fe3+ C03+ NiZ+ Mn2+ Co2+ Sn2+ Pb2+ MO4+ M06+
A13+, V4+, V5+, SI'2+, W4+, W6+, CI'2+, CI‘3+, Cd2+’ Hg2+, sz-i', Pt2+,



V2+, M2+, Cat+, Bat+, Cue+, Lai+, Ce3+, Ced+, Eu3+, Ti3+, Tid+, Ag+9 Rh2+,
Rh3+, Ru2+ and Rua+, M2 is at |east one netal ion selected gfromtr@ngR)qm
consisting of 5 Fe 2+, Fe3+, Cot+, Co3+, M2+, M3+, V, VS+

Rh3+, Ru2+ and Jr3+, 10 15 A and X, independently of one another, are an

ani on selected from the group consistjng of halide, uI fate,
carbonate, cyanide, thiocyanate, | soc%anat e, cyanat BPW&%T@ oxal at e,
nitrate, nitrosyl, hYa”r,rbggzy €afl"f B, Cyp ohgfﬁaCe, , Gy Endy & phios peg e,

hydr ogen phosphate okhhyﬁhegﬁgz%r ate, L is a water-m scible |igand

sel ected fromthe group’consisting of * al cohols, al dehydes, ketones, ethers,
pol yethers, esters, polyesters, polycarbonate, ureas, amdes, primary,

secondary and terti agp 1s%ﬂfﬁl§tsoné hﬁ?d?‘i'én Ba&te@fmme icfohg futrites,
sul fides, phosphi des,2+p Qsp |2;es,3+p o§p anes are %osphat es,
20 - KBis a fractionfor Fnt-deer W a@ b zeBé‘aBéFZSPls an

organic additive, a,afy1rt, d, g and n are seI ect ed so that the
el ectroneutrality of the conpound (1) is ensured, it being possible for c
to be 0, e is the nunber of |igand nolecules and is a fraction or integer

greater than 0 -or i sAGndadindépendéntiykof tneaabtivar, ired@panste siledtedfropne

anot her, are a fract} on or inte t.han O .or | es of
organi ¢ additives P AFef B §8ﬁ1ﬂ$§1ﬂg %g @f’é hy?i %lg%arc'@gﬁ%t 5@1"}:3)(()11%8,' yal kyl ene
gl ycalo sorbitan est ecryanmgl ythldeyhrete g&bymhteglwanatyl catbvanylate Soxalate,

pol yacryl am de, poly, y g§

pol y(acryl am de- co- nléa1 gtlrechigf(ﬁs h9 g&g%‘!rﬂ'f#e raﬁﬁ‘l()g% }I’latgodl%f&ggi I?h Oilﬁértg’l at es,
pol yal kyl et hacryllaﬁdé@gen aﬁﬁy‘PT ‘Pgﬁlflcéfbﬁ?@ﬂte, poI yvinyl ethyl ether,
pol yvi nyl acetate, polyvinyl aI cohol pol y- N-vi nyl pyr rol i done,

pol y(N-vi nyl pyrroli done co-acry pol yvi n met hyl ket one
pol y( 4-vi nyl phenol ), ;s%rlyf(aé%rrw%b %@SE‘“&FI‘%‘FW’ éﬁé} eQErOURERIITIE Of10- PF
0000Q52857/ Kes alcohols, aldehydes, ketones, ethers, polyethers, esters, polyesters,

polycarbonate, ureas, amides, primary, secondary and tertiary
amines, ligands having pyridine nitrogen, nitriles, sulfides,
phosphides, phosphites, phosphanes, phosphonates and phosphates,

20 - k is a fraction or integer greater than or equal to zero and
- P is an organic additive,

- a, b, ¢, d, g and n are selected so that the electroneutrality of the
25 compound (I) is ensured, it being possible for ¢ to be 0,

- e is the number of ligand molecules and is a fraction or integer
greater than O or is 0, and

30 - f, k, h and m, independently of one another, are a fraction or integer
greater than O or are 0.

Examples of organic additives P are: polyether, polyester, polycarbonates,
polyalkylene glycol sorbitan ester, polyalkylene glycol glycidyl ether,
35 polyacrylamide,  poly(acrylamide-co-acrylic acid}, polyacrylic acid,
poly(acrylamide-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(acrylic acid-co-styrene),



oxazol i ne pol ynmers, polyal kyl enei m nes, naleic acid copolynmers and nmal ei c
anhydri de copol yners, hydroxyl et hyl cel | ul ose, pol yacetates, ionic 2 MAR 7008
surface-active and interface-active conpounds, bile acid or its saIQS,
esters or am des, carboxylates of polyhydric al cohols and glycosides. 5

These catal ysts may be crystalline or rphous. Whe J

crystalline mnultinetal cyanide corrpo'uﬁgg are prefer?gmgége&qss greater

t hanI zer 0, oxazolisg ]gidljrmer,s, yeiyatiyateahinene nﬁh@ic sadiétcall]ml}aﬂmy amio npixic s _

cat al ysts [ %Bg i y e vari ous

preferred %{r@&g'fi grecng’ éﬁq&%%@r e ertéggelgﬁ ng_éoedip%ﬁgf\at%gtt%%ﬁ’pfoﬁlzcegﬁlg%{eaﬁ??/lg%s of the

fornul a (I3nd nintgefagéraktives compeundsThbiler adidr pedits asadisy sisterheor condes, ns at

| east one i | , :d.ast one organic |igand and at
&%&Rm&@!&rﬂwgg a@&imﬁ%‘aﬁl?éomdeﬁ

| east one orgaric a 15 I'n the” case of another preferred
enbodi frent, k is zero, e is optionally also zero and X is exclusively a

car boxyl at j?hes@r&ftﬁyﬁ@'lﬁ?f 8¢ r@%s@alliﬁ@@iraeixﬁo howy. ONherRak s ek erydalia ysts are
described in WO 997/ 16775. In 1he case Otj hi Mnbodl,nent, crystalline

mul ti met al TEYHReRl CYAHGT FOMPOURds SrmEriFERd. WA netisl STEYEh AR 280al ysts  as
descri bed émystiilingOskiiCedbtallidei aal sabRartiajly tadddrpiis2achl ysewe bfsferréd. €
furthernore 20 preferred. The nodified catal ysts are prepared by conbining
a nmetal salt solution with a cyanonetallate solution, which may optionally
cont ai® boAmoag thegandifieli cpaalgsts, thered asen varigen ipefadel embedientheOne gani c

| i gand an ] : j [ 5 t d, : preferred
enbodi ne n'?p rg%}{eﬁg‘g@!g%ﬁé#ggtt %@@E&zgg g??%‘r? Fé gﬁﬂll%n%)gé?@eaf %u I@‘&]?Cﬁle é% Q%I?)’ani de
phase is fThasprefaredagaeadysinben eangains at lgast cpgrmpeliimetal ipyanide comppeoend, sz at i on

into an acfehy®n8uldaniEligind a¥aat Eﬁst%@%?gan?éacﬂﬂ% pbed in PCT/EPOL/ 01893. 30
In anot her preferred enbodi nent of the tatalysts, f, e and k are not equal

to zero. These are nultinetal cyanide catalysts which contain a
wat erisi scinthe cae@dahsthet prefeidd(ca®Raimentyk isreasTRUS bptiodally 2080 Rrdadd 30% by

i ght . ' diti I i t f to 80%b
wei oht) (D SePORSTA” a RESYINE ERERIS folunt, BESHE ST TPREPSB Stibor ous
stirring (&¥algad arpndesctibedTunr W0 /16B5. vint hhes taase iofgthit)SnihotiBerd22) . O her

suitable c 2 . i bhed. | 0, 0 L ' ani de
catal ysts a %5%1?%%5% e%g?ﬁ&ﬁ%r égjaéérwscty\% S%QEQoM%&%e%&%@%? -S(0 2-R
or sul f oxdsoéescrifred: IneW L4845, ovhistRarg(arystadlise and damelbr caoppi@bdrmgraagent s.
Shorto 2 Méﬁn%gQG - 11 - PF 0000052857/ Kes

The modified catalysts are prepared by combining a metal salt solution with a
cyanometallate solution, which may optionally contain both an organic ligand L
and an organic additive P. The organic ligand and optionally the organic additive

25 are then added. In a preferred embodiment of the catalyst preparation, an inactive
multimetal cyanide phase is first prepared and this is then converted by
recrystallization into an active multimetal cyanide phase, as described in
PCT/EP01/01893.

30 In another preferred embodiment of the catalysts, £, e and k are not equal to zero.
These are multimetal cyanide catalysts which contain a water-miscible organic
ligand (generally in amounts of from 0.5 to 30% by weight) and an organic
additive (generally in amounts of from 5 to 80% by weight) (WO 98/06312). The
catalysts can be prepared either by vigorous stirring (24 000 rpm with Turrax) or

35  with stirring (US 5,158,922).

Other suitable catalysts are described in WO 01/03830. Such multimetal cyanide
catalysts are prepared using organic suifones of the general form R-S(0);-R or
sulfoxides of the general form R-S(O)-R as organic complexing agents. Short



I nduction tinmes and noderate exotherm c properties may be nentioned as
advant ages of the catalyst. W 01/03831 describes a further variant B MMENE
catal yst synthesis. There, nmultinmetal cyani de catal ysts are synthesized by
an incipient wetness nethod. These catal ysts can |ikew se be used for the
novel process. 5 Further nmultinmetal cyani de catal yst cording to
the invention conprising netal [hexacy@nomet al | at e- Eﬁm&g@cﬁm e] are
ment i oned 1hdudt\Bn0mh&418ﬂi maéderatet axcbthmgncopmpemﬂs nept bon@entidnedeasair e nor e
economi cal t h n coba La ver, the
s Ut (e :ﬁﬁﬁu X?VOLbSLT@SS?Il %sg} | n so ef erian (étetﬁ? ﬁ%@.{yﬁg

catal ysts aﬁlav For t er ction
noder at e esyothiesis meelpr (Ipeltlme@ chmtalystheme rayhthesiged byc pmrinapieott aI ysts

t hus prep 4180
(pol ycar b%ﬁﬁl C aC| déwgﬁ};%glﬁéafgg% %étdgg te Ov%gé‘%gl y, the
cat al yYst can be easi I y rermved 15 A multinetal cyanide catal yst al so

sui tabl e %ﬁ@l‘é}dhﬁh{m&aﬁ és%maa\t%fmys@@smmebﬁcora r%ﬂ@ teinveft Rl éiingﬂxs‘ir%nes o

01/04181, on basi s Of hexacyanocobal t at e- trof errocyani
cat al yst s TR @Iéh%)’%“om‘?é%l?ﬁ Bexanitrametalintel, arep srepHansd; dr  Wi© WI0HBRy| ene

oxi des to Rl stﬁhhgrc@mpaan&m@hﬁm tRarel Ar6 Whare Ieuoﬁdim*calbdhau fgs gdeealnovel
process are It| tal cya ounds, whi ¢ tain _zinc, cobalt or iron
D o t naPebncbPx o i, (Bl Hom . S PRE FACT Sghei ¢ i n
pr ef erg eddtﬁnésoaiidmarﬁomet tmepthes diave noderité exvthéretiepespertiasl Hb%véro thaen
integrate 0 r ' | et han ltlrretal
cyanide. oaMBBIERY Wt il GOEpREAA sy BB WERAR & alePfindlls

Accor di ng W© @IH@41|W@niycerbowhtopgnﬂén@doW@@erbﬁ Qxeelite(S)L)Ccmse(alenﬂx,t ure of
the pr Opﬁhé‘&&al % A8 vkq fxtcﬁ{%vé&) and at |east one further alkyl ene oxide

I's reacte an |n|t| tor compound in step (2). 30 Exanples of initiator
nol ecul es are: water, organic dicarboxylic acids, such as succinic acid,

adi piig acial, mﬂhh{wdll ledca'tlzﬂ stt ﬁg@@hﬁm&ia@c@m@ tcaltfheowehﬁomdn Ry omat i c,
unsubstituted o

0- bstitute di am nes
having 1 tRS°RAT rfﬁfﬁr F%n{? @Oﬁkﬂwm} a@f’c "I‘Slys‘lfc e’é%cymg@f&}t%-ut ed or 35
mono- and m@ﬂefryd:yzmdasﬁ‘heset@ehlyﬂhyamrmrtamlmndir@éshnItﬁmp@lpﬁﬁﬁmmn
tr| et hyl engt | enedi am ne, 1,3- and 1, 4-butyl enedi anl i ne,
%‘?aﬁéﬁ%@o&‘fdeg%o 3013&%8 - hexanet hyl enedi am ne, phenyl enedi am nes,
2 3- 2, 4 and 2,6-toluenediamne and 4,4'-, 2,4'- and
gl ia nzf)yl :m(;]hgégﬁrﬁpeﬂﬁfﬁém%ﬁ'ﬁo étﬁ]@ﬁgﬁfr tie! 'nB@?l Erdc Lt A QhulfRleRE U RRIR" €
compound's which contain zinc, coba.lt or iron or two thereof. For example,

j

Prussian Blue is particularly suitable.

In a preferred embodiment, the present invention therefore relates to an integrated

process for the preparation of a polyurethane, the multimetal cyanide compound
25 containing zinc, cobalt or iron or two thereof.

According to the invention, propylene oxide from step (1) or a mixture of the
propylene oxide from step (1) and at least one further alkylene oxide is reacted
with an initiator compound in step (2).

30
Examples of initiator molecules are: water, organic dicarboxylic acids, such as
succinic acid, adipic acid, phthalic acid and terephthalic acid, aliphatic and
aromatic, unsubstituted or N-mono- and N,N- and N,N’-dialkyl-substituted
diamines having 1 to 4 carbon atoms in the alkyl radical, such as unsubstituted or

35 mono-  and  dialkyl-substituted  ethylenediamine,  diethylenetriamine,
triethylenetetramine, 1,3-propylenediamine, 1,3- and 1,4-butylenediamine, 1,2-,
1,3-, 1,4, 1,5- and 1,6-hexamethylenediamine, phenylenediamines, 2,3-, 2,4- and
2,6-toluenediamine and 4,4’-, 2,4’- and 2,2’-diaminodiphenylmethane. Other
suitable initiator molecules are: alkanolamines, e.g. ethanolamine, N-methyl- and



0.2 MAR 2006 -12- PF 0000052857/ Kes N- et hyl et hanol am ne, di al kanol am nes,
e.g. diethanolam ne and N-nethyl- and N ethyl di et hanol am ne, and 7 MAR 2008
trial kanol am nes, e.g. triethanol arnine and anmoni a and pol yhydric '

al cohol s, such as nonoet hyl ene glycol, 1,2- and 1, 3- propanediol diethylene
gl ycol, dipropylene glycol, 1,4-butangdiol, 1,6- hex yﬁg
sorbitol and sucrose I%re rabl y used

trlmethyl ol pr pent aer thrltol
pol yet her Nﬁﬁl?@@h@@mﬂge asings of. g edintinnelaming end Nraetbyl- pad N ene oxi de
wi th wat Slethy I&Héﬂﬁﬁélﬁiﬂu%“ @nd kaaﬁanolghﬁwyé ?Qﬁe&laﬂé?@}mnelarﬁf RORBANREHIO!

di propyl en coI cerol, trineth opan et hyl enedi am ne,

triet hanol @ﬁ?@é%/y%‘}? i fp|monaghy “Fog v&A/ P @)gd’wl’%mﬂlvdual ly or
als m xtur eﬁ%th}llen%\chg@ya:][odl d@rc]gpyléd&eglyame ?t A-pliantdiel, ![Dﬁiheﬁﬁrﬁsﬁhcﬂu BBicaftes can

al so he use n,the formo es, | artic r € _having a

nol ec?ﬁ ar ‘MGBWEOIW Pate: PFBWF‘@?’I{@X%@ dg‘/“ﬁ'gi Eﬂﬁﬂ ?Féf olyRetonol ecul es
possessi ng)olyammmsnarb agiduuqssofhahylage midevmdﬁmdpﬂ@gmnc&tm wuﬂmWaexarrpl e

hydr oxyl Iyt ho i-n 01/ 162009,
are al so sw EVIAHQT%;CB &13 ler“eagf?oé\gl g’aégg’éannggﬁa g’% le"e %ﬁ'cs’%’ep (2) can
be react eglydetd, tlzi@leﬂwhdmameesethzl@mctiamglet dristhepol@@ine, Smpae(ﬁbnrmmhy fol | ow
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One or more isocyanates can be used for the purposes of the present invention. In

25 addition to the polyether alcohol which is obtained from step (2), further
compounds having groups reactive toward isocyanates, in particular having
hydroxyl! groups, can also be used for the reaction according to step (3).

For example, polyesters, further polyethers, polyacetals, polycarbonates, polyester
30  ethers and the like may be used as further OH components.

Suitable polyesterpolyols can be prepared, for example, from organic dicarboxylic
acids of 2 to 12 carbon atoms, preferably aliphatic dicarboxylic acids of 4 to 6
carbon atoms, and polyhydric alcohols, preferably diols, of 2 to 12, preferably 2 to
35 6, carbon atoms. Examples of suitable dicarboxylic acids are: succinic acid,
glutaric acid, adipic acid, suberic acid, azelaic acid, sebacic acid,
decanedicarboxylic acid, maleic acid, fumaric acid, phthalic acid, isophthalic acid
and terephthalic acid. The dicarboxylic acids can be used both individually and as
a mixture with one another. Instead of the free dicarboxylic acids, the
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presence of dlluents and/or entrammg agents, e.g. benzene, toluene, xylene or

25 chlorobenzene, for the removal of the condensation water by azeotropic
distillation. For the preparation of the polyesterpolyols, the organic polycarboxylic
acids and/or polycarboxylic acid derivatives and polyhydric alcohols are
advantageously subjected to polycondensation in a molar ratio of from 1: 1to 1:
1.8, preferably from 1 : 1.05 to 1 : 1.2. The polyesterpolyols obtained preferably

30 have a functionality of from 2 to 4, in particular from 2 to 3, and a hydroxyl
number of, preferably, from 20 to 200 mg KOH/g. Furthermore, diols, triols and/or
polyols having molecular weights of from 60 to < 400 may be used as compounds
reactive toward isocyanates, for example aliphatic, cycloaliphatic and/or
araliphatic diols of 2 to 14, preferably 4 to 10, carbon atoms, e.g. ethylene glycol,

35 1,3-propanediol, 1,10-decanediol, o-, m- and p-dihydroxycyclohexane, diethylene
glycol, dipropylene glycol and preferably 1,4-butanediol, 1,6-hexanediol and bis(2-
hydroxyethyl)hydroquinone,  triols,  such  as 1,24- and  1,3,5-
trihydroxycyclohexane, glycerol and trimethylolpropane, and low molecular
weight hydroxyl-containing polyalkylene oxides based on ethylene oxide and/or
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35 to 15, % e
di phenyl m@PHR ﬁ%ﬂmﬁpﬁ hyg&eyamtsecmaﬁeﬂ SiRGkEnof Siphswiecihane 4.4
2,4’- and 2,2°-diisocyanates and polyphenylpolymethylene polyisocyanates (crude

MDI) and mixtures of crude MDI and tolylene diisocyanates. Mixtures containing
at least two of said isocyanates may also be used. Furthermore, modified di- and/or
25 polyisocyanates containing isocyanurate, biuret, ester, urea, allophanate,
carbodiimide, uretdione and/or urethane groups, the latter also referred to below as
urethane-modified, can be used in the novel process. Specific examples are:
organic polyisocyanates containing urethane groups and having NCO contents of
from 50 to 10, preferably from 35 to 15, % by weight, based on the total weight,
30 for example diphenylmethane 4.4’-diisocyanate modified with low molecular
weight diols, triols, dialkylene glycols, trialkylene glycols or polyalkylene glycols
having molecular weights of up to 6000, in particular up to 1500, modified
diphenylmethane 4,4’- and 2,4’-diisocyanate mixtures, modified crude MDI or
tolylene 2,4- and 2,6-diisocyanate, examples of di- and polyoxyalkylene glycols,
35  which may be used individually or as mixtures, being: diethylene glycol,
dipropylene glycol, polyoxyethylene, polyoxypropylene and polyoxypropylene
polyoxyethylene glycols and the corresponding triols and/or tetrols. Also suitable
are NCO-containing prepolymers having NCO contents of from 25 to 3.5,
preferably from 21 to 14, % by weight, based on the total weight, prepared from
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25 The reaction according to step (3) is carried out under the conditions known to a
person skilled in the art. Suitable reaction conditions are described, for example, in
Becker, Braun, Polyurethane, Kunststoffhandbuch, Volume 7, Carl Hanser Verlag,
Munich, 3rd Edition, 1993, pages 139 to 193.

30 If required, further, low molecular weight compounds may also be present as
additives in the reaction according to step (3). Such compounds can act, for
example, as chain extenders or stopping reagents. For example, primary amino
compounds having from two to about 20, for example from 2 to about 12, carbon
atoms are suitable for this purpose. These are, for example, ethylamine, n-

35  propylamine, isopropylamine, sec-propylamine, tert-butylamine, 1-
aminoisobutane, substituted amines having from two to about 20 carbon atons,
such as 2-(N,N-dimethylamino)-1-aminoethane, aminomercaptans, such as 1-
amino-2-mercaptoethane, diamines, aliphatic amino alcohols having from 2 to
about 20, preferably from 2 to about 12, carbon atoms, for example
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triazines, e€.g. N.N’,N"’-tris(dimethylaminopropyl)-s-hexahydrotriazine, preferably
triethylenediamine, pentamethylenediethylenetriamine and/or bis(dimethylamino)
ether; metal salts, for example inorganic and/or organic compounds of iron, of
lead, of zinc and/or of tin in customary oxidation states of the metal, for example
35  iron(I) chloride, zinc chloride, lead octanoate and preferably tin compounds, such
as tin(IT} compounds, in particular tin dioctanoate and tin diethylhexanoate, and/or
tin(TV) compounds, such as dialkyltin di(isooctylmercaptoacetate), dialkyltin di(2-
ethylhexylmaleate),  dialkyltin  di(2-ethylhexylmercaptoacetate),  dialkyltin
di(isooctylmercaptoacetate), dialkyltin dilaurate, dialkyltin dimaleate and



t et ramet hyl but anedi am ne, N, N, N , N -tetranet hyl hexane-1, 6-di am ne, 25

pent anet hyl di et hyl enetri am ne, di net hyl pi perazi ne, 7 MAR 2006
N- di et hyl am noet hyl pi peridi ne, 1, 8-diazabicycl o[ 5. 4. 0] undec-7-ene, QL 5‘

di met hyl i m dazol e, 1-azabicyclo[2.2.0]octane and 1, 4-di azabicycl o[ 2. 2. 2]
octane (DABCO, al kanol am ne corrpounﬂ? such as ”'féﬁﬁ(ﬁ%i%ﬁﬁes

triisopropanol - amne, N-nethyl- and et hyl di et han
di met hyl ardl&tlbﬁlltlhalddmmt@CQNeN Jorthirmerdy kemdineset fishy st ﬁéﬂhmethyl-

N,N,N'-trg Prhqﬂ‘l | ) i

N,N,N-trf s??é{r%ﬁ@ nod%pyéizﬁ%h%ﬁn%ﬂlg@fl a ne’8 %sl’ef 31#%1 Iy

tri et hyl erei@meth rrgb’ di'llﬁdhyllnéﬁét hYCHﬂ*lﬁésaaﬁ@ﬂboraS sodium

bi s(di met hﬁyhﬁmd[@)and %Mrmem:mbh&aie& Ssucﬁ% sBXANPhRHyIAE 4AR ip6tadRFHOr Or gani ¢

conpounds . of lor of tin in custormary oxidation
st at es of 1%9Pé°}?é§%‘84 dfﬂi(alé%tﬁ&saﬁ qnsrfélﬁlin) aEHlaS%d?@éVlniufﬁendﬂltBr%Ode Iead

oct anoat e cﬁfhﬂbnpﬁtﬁfr@l’z&iﬂl yf rdquire@ ORI, ma’cySbé lu@éd la,% cﬁ i,
parti cul ar, t n d| Qct angat e and in diet L@exa SIF or 'i?i(ﬁ
conpounds Entip 2 ?ﬁ%&%f’ﬁ r“é%‘Bf EIQP et AYPURRNASt i n di (2-

et hyl hexylcnmlaﬁam&)t,leahtaubdx;af!;amhcatab@tset hyl hexyl mer capt oacetate), dialkyltin
di (i sooctyl nercaptoacetate), dialkyltin dilaurate, dialkyltin dinmleate and
0 2 MAR 2006 -17- PF 0000052857/ Kes di al k&/l tin di (mercaptoacetate);

f ur t Hér moderequiredi enasentinnehsubstances giapdeiiped ag assigags nad/onhgdtivgsyini m di ne,

tetraal ky lgdTHER WibOXE NS atUGlfRE-actiRe §1?d§%9é’s' ‘rHBI XQE&%' de,
ALY

al kali metal hydroxides, ch_as sodium hydroxi de, net al

al cohol at éEMR4 ggenty il L‘%Iﬂdﬁﬁ, wtat%mmoqfa%&wwsdqobém&s h%&r@ and
al kal i metradgistatid Sncpbadtmmubsthaéasmam%t&bmd@gaﬁd anfickQddn®s. Ahe car bon

oo e e A e R T e Ry R T

m xtases containing at least two of said catalysts. 10 If required,

convent | ol SHATARN 88 0P sQScA3 ufonA5ohs Bl Snadl it g Ubivpg, 1 L he

novel process are sur nol d rel ease
(I MR) agegenerally Iﬂoérrle';ce&ﬂgdé’s Inpd prefprred embmupﬁttofhpwgvagms@verﬁy@r el ysis

st abi | i Zepgxrurd YRttt 8t Irﬁo@ngﬂpaﬁg & ost, agmfabfeugémapge&e ang Wasiabi | i zers

and anti oxi dants. The use _of gnents and/ or or obtainin

ti nt ed/ colPAEEaTRENY;| AgRArticulay %u%s &ype. or 1eyclalExesn Gsler AR PABIS! a
sol vent ow@ugwant abethtef hahyleaaz:tetaw @cqsm | N@eflae, sh@ﬂic(s3)ml Sartgener al |y not

necessary ef er.red sol vent ture of
fwo or - motm B BRERE . RimeGy o Riiaos %}Jimﬂaear i ‘e fipeihot

hydr ocar bcsmlsbmdm gthertsj dnilpartidubdrudinepropyl etter oor mediybhrerdmeyl abéreres, in
particul abreferably cyclic ethers, in particular tetrahydrofuran or dioxane.

25 The present invention also relates to a polyurethane obtainable by an integrated
process comprising at least the following steps:

(1) epoxidation of propene with at least one hydroperoxide to give
propylene oxide;

30 (2) reaction of the propylene oxide from step (1) or a mixture of the
propylene oxide from step (1) and at least one further alkylene
oxide to give a polyether alcohol using at least one multimetal
cyanide compound as a catalyst;

(3) reaction of a polyether alcohol from step (2) with at least one

35 isocyanate.

Novel polyurethanes are distinguished in particular by a low content of impurities,
for example C6 compounds. The novel polyurethanes are thus particularly suitable
for the preparation of polyurethane foam, polyurethane cast skins and elastomers.



20 ethyl glycol acetate, ethyl acetate or butyl acetate, am des, in

particul ar dinethyl formam de or N-nethyl pyrrolidone, sulfoxides, i runz MAR 2008
particul ar dinmethyl sulfoxide, ethers, in particular diisopropyl ether or
met hyl tert-butyl ether, or preferably cyclic ethers, in particular
tetrahydrofuran or dioxane. 25 The prggent inventi orp@hsshoseksi/Resto a

pol yur et hane obtai nable by an integrated process conprising at |east the
foll owi ng steps: (1) epoxidation of propene with at | east one hydroperoxide

E(i) gi ve Q—'(IﬁtQJYé ﬁﬂ?}lﬁﬁ?ﬂ@ ;foa?zﬂs,(figémﬁ %fd_hhﬁ@ fu@éd inh?e Bﬁ@%&étﬁ@éﬁn@ifﬁﬁ&ufe{ om step
or a nixture O e propyl ene oxjde fromste ., and at | east one
further alR4HsHiFS: S%kiaaécmﬁi%‘? » Beid intageal Q?IE%W& ﬁ?}épﬁg‘m&g@ 888 one
mul ti met alor RIVEMaGE aBqRPMLA ebagSomingedtioh ¥adldingR Jar¢ patitilarly @teforr@n! yet her
al coh_cg fromstep (2) wth at | east one 35 isocyanate. Novel polyurethanes

are distinguished in particular by a |low content of inpurities, for exanple
C6 conpourids. prddeat vertionp tleyaforet ismadatas & & ipobyupethireciohar biytamuableddyl e  f or

6l ast omer a8 i8R b ShiANEs LORR ROLIBWALARR. OO0t O 1P cthane foans,
foans which are used in the autonotive and furniture industries, such as

semrigid foa ri gl.d. 0k egral df& i L or RIM
materials (R mﬁ) rea tgf%lﬁﬁ%j?gcqr?g‘ﬂﬁsm izriltg e%&a%éaggﬁo?g{??g}e}cga referred. 5
The prlesent inventi dioPHeRed*dd® al so relates to a pol yuret hane foam

obtarnabl e by (an | likRSiodldt thd pidpFihe @RIHR! froh RepAll) bfBF h miRfiré 6f tHeW Ng.

bt ble b 3 to2q bedsh rhikeiré of

steps: (1) epoxidation (if proi%eﬁ W tth eﬁ Iegst oge hydy oper o |g%eto gi ve
10 propyl ene oxide; Y6 HHR } 3pg 13 e %ﬁ“&e{‘?ﬁ;ﬁh YEHe(1) or of
.a mxture of the proidd engivexipdtyetieonihol if partealhr &y ds@gsiulingetdiur t her

al kyl ene oxide to gjye.a.polyether alcohol, in particular by using

mul timetal cyani de%g d%ﬁ%&gg%nsﬁcagf%a&gp; 15 (3) reaction of a polyether

al cohd from st(@p (Zyacwonhofat papsheronleohdls ropastap e(2) (With fabdedshgpnef t he

pol yur et hane obt ai nqg{?cwn%tge reaction according to step (3). 20 Processes
of "po

for the preparation yur et hane foans are described, for exanple, in
Gy foaming of the polyurethane obtained by the reaction according to

step (3).

20 Processes for the preparation of polyurethane foams are described, for example, in
Becker, Braun, Polyurethane, Kunststoffhandbuch, Vol. 7, Carl-Hanser-Verlag,
Munich, 3rd Edition, 1993, pages 193 to 265.

In a preferred embodiment, the present invention relates to a polyurethane, the
25  polyether alcohol used for the preparation of the polyurethane and obtainable
according to step (2) having at least one mixed block of ethylene oxide/propylene

oxide units.

The present invention also relates to a polyurethane, the polyether alcohol used for
30  the preparation of the polyurethane and obtainable according to step (2) having at
least one terminal propylene oxide block.

Such polyurethanes are, for example, suitable for the production of moldings, in
particular moldings of flexible polyurethane slabstock foam. The low content of

35  impurities is advantageous here since troublesome odors which may emanate from
the flexible foam molding therefore do not occur.



Becker, Braun, Pol yurethane, Kunststoffhandbuch, Vol. 7, Carl-Hanser-Verl ag,
Muni ch, 3rd Edition, 1993, pages 193 to 265. In a preferred enbodi nent, the
present invention relates to a polyurethane, the 25 polyether al coh@ MAR&Q#E
for the preparation of the pol yurethane and obtai nabl e according to step (2)
having at | east one m xed bl ock of ethyl ene oxide/propyl ene oxide units.
The present invention also relates ta @ Jpol yuret hanepgipheo@Riyetideer al cohol
used for 0 the preparation of, the, paq]yurethane and obtai nable acgcording to
step (2) hiA g™ efl‘é‘agtl“%‘ﬁew?‘@ h%'gt{lL%q%yngg dRi e %c‘k‘?“‘%ﬁcﬁf

pol yur et hamesofaheionabr seesadgil e cofipotuadsl efufthérmidre fwadslued | an Dhpriewédli ngs, in
particul ar_nol di nas of . 1 egj bl e pol yurethane sl abstock foam The | ow content
of 35 inplﬁrlofefsélggi %“%?o‘%}‘é’rﬂg B@B{Psg' here since troubl esone odors which may

emanate from the flexible foamnolding therefore do not occur. 0 2 MAR 2006
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to an i mpresvepfising ecravunsthanemgea gokyunghinsa feany wigch wam teuprepatededtbodi ment ,
the presenhelddvani indlell BEIFLEE Hralcs Jsohah &8 tho Bl StyuEAITRE (6t 10 2

pol yur et hane or _a pol yuret'hane 'f oamwhi ch can be prepa eguby means of a
novel i nt eRfiyirethang a8y prepgred\aseerding torfbe pEseRfinkensionfor thepparafion

pol yur et hagrendi@aigs pr epared according to the present invention for the
preparation of noldings. 10 Novel noldings are, for exanple, nattresses,
cushiths, nol di ngs for interior autonotive trimor upholstered furniture.
Speci fi c eXevgl msldigsnaree|fonmekanplys mateessdg fulshiond) endidiags for nntprot | cul ar

mattresses ' ' ! tomotive trim for exanple autonobile
B el 5 i

seats, sound- I'ng or "exanple floor carpets and/or -
uphol stered furniture, sponges, cushions, pillows, seats, wupholstery for

of fice chas'rﬁegiﬁcitk% £33t n Gar?‘élr pgfl.c products; 20 - thernoplastic

pol yur et haries, particul ar se in cables, tubing, aninmal identity
tags,1%ailway pads, films, shoe soles and accessories, bandage rolls, sk

tips; cold castfl&iRstfosms Sin patiD@kt hftttadbest oldngs iffr HiGRIrhiufkenétiivd i fting
and trim, for example automobile seats, sound-absorbing moldings, for example
floor carpets and/or upholstered furniture, sponges, cushions, pillows, seats,
upholstery for office chairs, backrests and orthopedic products;

20 - thermoplastic polyurethanes, in particular for use in cables, tubing, animal
identity tags, railway pads, films, shoe soles and accessories, bandage rolls,
ski tips;

- cold cast elastomers, in particular for use in sheathing of lifting and
carrying belts, fabric coatings, coating of conveyor belts, impact protection

25 components, industrial edge protectors, toothed belts, sieves for abrasive
bulk materials, scrapers and share bars, transport stars and rolls, roll
coating, floor protection mats for heavy construction machinery, casing
components, coating of deburring drums, pump components and pump
casings, outdoor pipe coatings, container linings, vehicle floor mats, pigs,

30 cyclones, heavy-load rollers, deflection pulleys, guide pulleys, guide rolls
and fixed rollers, idler pulleys, special coatings on conveyor belts,
hydrolysis- and abrasion-resistant chute coatings, coatings on truck loading
surfaces, bumpers, clutch components, buoy coatings, inline skate wheels,
special rollers, high-performance pump components;

35 - flexible integral foams, in particular steering wheels, air filter gaskets,
gearshift knob, cable sheathing, container casing, arm rests, shoe soles of
polyurethane;

- polyurethane coatings, in particular for floor coverings, finishing of
materials, such as wood, leather, metal sheets;



carrying belts, fabric coatings, coating of conveyor belts, inpact
protection 25 conponents, industrial edge protectors, toothed beltq}zplmpm§
for abrasive bulk materials, scrapers and share bars, transport stars and
rolls, roll coating, floor protection mats for heavy construction

machi nery, casing conponents, coating of deburring conponent s
and punp casings, outdoor pipe coati %85 cont ai ner &Wg%ﬁ KfSle £l oor
mats, pigs, 30 pinirethess cdseskiys, limadrticolal ﬁwrmsedeiﬂle;tstﬂoﬁmoﬂmhgsayﬁch gui de
pul | eys, guide a I [ eci coatlngs on
conveyor bel ts,({ag#i/ r%sl’ %loém}éﬁg (gljbcrlgiﬁlﬁ g%@?%‘f atr%§%fltfg°0 % ng coati ngs
on truck l-oadi rigid pahizetkane fhampan partichular dor lcsompélnmns.}lat’imnmatmalq)mgs,
inline skate V‘ha‘i%t)ﬁs cﬁBﬁ'?ﬁa?énaﬁO' I ers, high-performance punp conponents; 35
- flexible integral foans, In partlcul ar steering wheels, air filter
gasketSs, -gear ST tintegesh fowms | e Ravdenla fry, usecast eansERctions pndy decorahiveest s, shoe

sol es of  pol yW&h&aeesr inddR ladd bﬁidlfbﬁf‘ﬁse‘?@@rhbl@ﬂ?um&tﬁreoﬁ{téﬁ&tﬁu%m(ﬁti\fe floor
coverings, finishing of paterial such, as, woqQ netal sheets; 0 2

MAR 2006 - 20- FPTRIDOHS #tsAndsgowboards agd teghmigaldt e%sqnak%mgonepﬁs parti cul ar
for use as inl YR/ ffeumdToh Barigslar $¢10the @Socﬂt@ﬁ&b@ﬁﬁdﬁhe@bﬁﬁ[@bbﬂ @uaw

cl addi ngs, truck angd car seats, t ha
parti culgar for 4" &? al"?gg?(’tfvﬁssﬁftﬁf |58ﬁh Fﬁafrg?tl aé‘ld rg?r skg}gs %ﬁn‘g}c’fﬁ@ﬁ Bﬁamat erial;
5 - niogi d i nt egiaks,fandiis the torpaetdiawehiclé esctars sudsasclangtarag tladdingsnd

decorative el %E&E§?Jd)&h%<&%88§1 nd out door use, conplex furniture, interior
aut onoti ve rr&; dnowboards and techni cal functi onal
component s; rmsdprmed rfogras.t ilmupatticeler fonether quoduction of wlimlighted
articles for Cxbfidodc dpewtd, (B KUt QIol inicr SeRiofle cdfdh am Lemete and rear
skirts and door sill scuff 10 plates, and in the C(?WTYEI‘CI al vehicle sector,
such as | arge- é’PB%F“!ﬂ“&Edl ngs, fenders and wheel housi ngs; ther nof or med

foamg,s i n.part isemlidgid§ PamksNen Papstutdr @R BE foain Bdckidl of TUAROSkinE &t ructures,

for use as ar in.vehicle construc semrigid
foams, in parti gﬁhqr&fgio;ﬁg%ﬁgmggfgﬁé l?ﬁ%rﬂ%ﬁo%w‘?‘?n Sr’rﬁemé%lhgo ogps %1’ tlher and
fi ber-rei nf or cqdodesion pf sliding eovt hinin gs Semsunrgifsl of darsideqrantlse  producti on of
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-21 W claim 1. An integrated process for the preparation of a

pol yur et hane, conprising the followi ng steps: (1) epoxidation of pﬂ@p@%em%
with at | east one hydroperoxide to give propylene oxide; (2) reaction of
the propyl ene oxide fromstep (1) or -al-ri xture of the propylene oxide from
step (1) and at |east one further alkylene oxide with an initiator to give
a pol yet her al cohol using at |least one multinetal cyanide conpound as a
catal yst; and (3) reaction of a polyether alcohol fromstep (2) with at

| east one isocyanate. 2. An integrated process for the preparation of a
pol yurethane as clainmed in claim1l1, wherein the hydroperoxide used in step
(1) is hydrogen peroxide. 3. An integrated process for the preparation of a
pol yuret hane as clained in claim1l1, wherein the propyl ene oxide obtained in
step (1) contains < 1 ppm of C6 conponents. 4. An integrated process for
the preparation of a polyurethane as clained in claim1l1, wherein the

epoxi dat i onyaeeemdi ng to step (1) is carried out in the presence of a
titaniumcontaining zeolite catalyst. 5. An integrated process for the
preparation of a polyurethane as claimed in claim1l, wherein the nultinetal
cyani de conpoundAf @ite@aRed pfodess fof daprepatition 60 péliuietné igRisingthe A

i ntegrated procgtsﬁ for sE)he_ preparation of a polyurethane as clained in
claim 2, wherei n°UARIHESHRF ene oxi de obtained in step (1) contains < 1 ppm
of C6 conponent (1) 0 Zephiidafion) @f-ptdpche Withi ait legitadredhpiropassidé av gihe
preparation of a pol yrr@;lg?enexi % claimed in claim2, wherein the

epoxi dation accordin P e% ?’) is carried out in the presence of a
titani um contai ni2hg zeadtioneofctit girgmitlenesoxidn fiom egpdilpdr provdes dfdhe t he
preparation of a poly, i i Al onM¥GHEL

epoxi dati on accor di nﬁ@%ﬁ%%@%ﬁé@ ggg‘?r(.bgé“‘g&? l‘lggr?gtoﬁe .préerggﬁrﬁgrén%f

titani um contai ni ng Z%de with@ataitigtor to give arpolyathegralaobel wieg alslsast ore t he
preparation of a pol yMiRi:RyASdEL '{ifﬁﬂldiaﬁacﬁiaﬂsﬂ‘a%d wherein the nultinetal

cyani de conpound _contain ¢, cobalt or .
yani pou (3§ action’ < pocly tﬁer alcohol from step (2) with at least one

reaction of a (=
isocyanate.
2. An integrated process for the preparation of a polyurethane as claimed in

claim 1, wherein the hydroperoxide used in step (1) is hydrogen peroxide.

3. An integrated process for the preparation of a polyurethane as claimed in
claim 1, wherein the propylene oxide obtained in step (1) contains < 1 ppm
of C6 components.

4, An integrated process for the preparation of a polyurethane as claimed in
claim 1, wherein the epoxidation according to step (1) is carried out in the
presence of a titanium-containing zeolite catalyst.

5. An integrated process for the preparation of a polyurethane as claimed in
claim 1, wherein the multimetal cyanide compound contains zinc, cobalt or
iron or two thereof.

6. An integrated process for the preparation of a polyurethane as claimed in
claim 2, wherein the propylene oxide obtained in step (1) contains < 1 ppm
of C6 components.



iron or two thereof. 10. An integrated process for the preparation of a
pol yurethane as clainmed in claim3, wherein the nultinetal cyanide @?W??ﬁﬂ@
11. An integrated process
claim4, wherein the

contains zinc, cobalt or iron or two thereof.
t he preparation of a pol yurethane as-22-ained in

mul ti metal cyani de conpound contains zinc, cobalt or

12. An integrated process for the preparation of a polyurethane,
at least the followi ng steps: (I) epoxidation of propene with hydrogen

peroxi de to give propylene oxide, said propylene oxide containing < | ppm
of C6 conpohent sAn igtggrateshproceratfon theppreparatéerr of e @oburethanet aseclpmedance of a

{i tani um " cont al gl o7 GRkickP e ApBkitaion kebrdRR} P (ofis bhsieAPH gRe Oxi de

fromstep (1) or a mxXture o opyl ene

om st ep

iron or two thereof.

conpri si ng

and at

| east one furt hePresgngg pkatitangym-gantawing 2eolite GaéAlysét her al cohol using at | east
wherein the mul tinetal

one nmultimetal cyani de conpound as a catal yst,
cyani de coppound cont ai ré:l?zi nc,.cqbalt or.iro

pol yet her aPcohofANHEFETE

or . two thertraFg

ropessder BePRPAaPhPbe Ipoburethag) as

f.,
aim

sai d
edain

oxi de/ propyl ene gkinil8, whedetn medpakidhspicconiing & stepel) i coapel @aein By de

bl ock; (3)
| socyanat e.

reacti on of

10.

11.

12.

P?l YEt er. al cohok.
presence of a fifanium-contamning zeolite ¢

An integrated process for the preparation of a polyurethane as claimed in
claim 2, wherein the multimetal cyanide compound contains zinc, cobalt or
iron or two thereof.

An integrated process for the preparation of a polyurethane as claimed in
claim 3, wherein the multimetal cyanide compound contains zinc, cobalt or
iron or two thereof.

An integrated process for the preparation of a polyurethane as claimed in
claim 4, wherein the multimetal cyanide compound contains zinc, cobalt or
iron or two thereof.

An integrated process for the preparation of a polyurethane, comprising at

least the following steps:

(1)  epoxidation of propene with hydrogen peroxide to give propylene
oxide, said propylene oxide containing < 1 ppm of C6 components,
said epoxidation being carried out in the presence of a titanium-
containing zeolite catalyst;

(2) reaction of the propylene oxide from step (1) or a mixture of the
propylene oxide from step (1) and at least one further alkylene
oxide to give a polyether alcohol using at least one multimetal
cyanide compound as a catalyst, wherein the multimetal cyanide
compound contains zinc, cobalt or iron or two thereof, said
polyether alcohol having at least one mixed block of ethylene
oxide/propylene oxide units and at least one terminal propylene
oxide block;

(3)  reaction of a polyether alcohol from step (2) with at least one
isocyanate.

fra?aq}s%.t ep (2) with at | east one



