Le A 32 756-forei gn countries -1- Inproved doubl e,nmetal cyani de catal ysts
R itheerd

for the preparation of polyether- polyols 5 i at to
novel , #i npr oved h@ﬂtﬁze’/_ﬁ% e1gy SAPHEFIEBMC) catal ysts for tk?e)@pg aré&ion of
pol yet her pol yol s by the pol yaddition of al kylene oxides onto starter
conpounds containing active hydrogen atons. Double netal cyani de (DM
catal ysts for the polyaddition of alkylene oxi des onto 10 starter
conpounds contai ning active hydrogen atons are known (cf. for exanple US 3
404 109, US 3 82Enpfived Ufouibl®diet8U Qyaride \dStAystS FoO2R¢ . préparagioneof polyetisérng
these DMC catal ysts for the preparation of polyetherpolyols is particularly
to reduce the prﬁﬁ&&ii on of nonofunctional polyethers with term nal double
bonds, called nonools, in conparison to the conventional preparation of

pol yet her pol yol s by 15 means of al kali netal catalysts such as al kal i
met al hydroxi des. The resulting polyetherpolyols can be processed to high
qual ity pol yurethanes (e.g. elastoners, foans, coatings). DMC catal ysts are
convent i onabl y oBbhainveutidyyretasesctoinoyelamprqueddeubiomgtal gyarade EDMEY) aiatagystst for

wi th an aqueous sol ution.of tal cyanide salt in.,the ence of ,a | ow
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cat al yst prepar ah Q4 BRI Enin AHUYRRUS D fofRs of zinc chloride (in
excess) and pot as??u%oh‘@gacyanocaggggt ate gr e%r#xed and di met hoxyet hane

(glyne) is then added to the suspension fornmed. After filtration and

washing of the catalyst with aqueous glyme solutiogn,, an active catalyst of
t he geger al for nngblggnetal Cyam‘ig (DMC) Cgata){YStS for ﬂ'[eé?‘ﬁXa@dglOé‘b‘ifaﬁ“ﬁﬁéﬁnf( ef1dessongo
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doubl e bonds, I n the
these DMC catalysts for the preparation of polyetherpolyols is particularly to reduce

the proportion of monofunctional polyethers with terminal double bonds, called
monools, in comparison to the conventional preparation of polyetherpolyols by
15 means of alkali metal catalysts such as alkali metal hydroxides. The resulting
polyetherpolyols can be processed to high quality polyurethanes (e.g. elastomers,
foams, coatings). DMC catalysts are conventionally obtained by reacting an
aqueous solution of a metal salt with an aqueous solution of a metal cyanide salt in
the presence of a low molecular organic complexing ligand, e.g. an ether. In a
20 °  typical catalyst preparation, for example, aqueous solutions of zinc chloride (in
excess) and potassium hexacyanocobaltate are mixed and dimethoxyethane (glyme)
is then added to the suspension formed. After filtration and washing of the catalyst

with aqueous glyme solution, an active catalyst of the general formulia
25 Zny[Co(CN),], * x ZnCl, * y H,O + z glyme
is obtained (cf. e.g. EP 700 949).
JP 4145123, US5470813. EP 700949, EP 743093 and EP 761 708 have

30 disclosed improved DMC catalysts which are capable of further reducing the

proportion of monofunctional polvethers with terminal double bonds, in the



Le A32 756 -2 - preparation of polyetherpolyols, by using tert-butanol as
the organic conplexing ligand (on its own or in conbination with a

pol yet Her (EP 700184932FR761 708)). Furthernore, using the inproved DMC
cat'al ysts reduces the induction tine in the polyaddition reaction of the

al kyl ene oxides with appropriate starter conpounds and 5 i ncreases the
catalytic activity. The object of the present2i-nvention is thus to provide
further inproved DMC catal ysts for the pol yaddition of al kyl ene oxides onto

appropriate start %Fep%%ﬁ%ﬂﬁolyé’tﬂérﬁ&?(ois,n b§ UIRBT leftHtdrd] tah ehé Bk @inkS tothRRg
known hitherto, have an appreciably 10 reduced induction tinme and

si mul t aneously a rigakdforyits pemeasiedovdimtipn ivdthag polyiethgr (BR760 PAhrER/ 26l 708).
econoni cs of the ocess by shortening t otal reaction_ ti.nmes .of the.

o yet hor pol yol - prUpHRaRaTBaas it IOty YL CREIRS Fucebe dBEESh vme in fre
t he catal yst can . ]ﬁﬂ&" t e}

ot herwi se very co?!ta delgif) g?%t“b‘gﬁg’r%gh (l)neioéﬁ%?)gﬁ@n%gl;dp%ggeeggs}g%fegxr?aurt\(ﬁeand
product can b usegkreiseethelcytalydic atdvity. pol yur et hane applications.

Surprisingly it has now been found that DMC catal ysts containing 2 - 80
wt . % of a pol ycarbonate, based on the anmount of catal yst, have markedly

shortened i nducti ti,oe siul t aneousl y. reatly .i.n sed actiyi
in the preparati pﬁﬁng O%S‘fﬁy@?ﬁg PGPS |'8ve n lsath%éo F?Fé\gg%ﬁ{ﬁﬁgemqr%e#/ IfMC
provi des novel, i rgafa@secioflHeodyaBiktiah of MRPIcHE 0B Int6 apFroy8ALtE sRPRPEIMRPAGIS,
a) a doubl e netal cyani de conpound and” 25 b an organic .
conpl exi ng |i gand,whith,cin eomeparisen ae ttey catelyst typehknowhdythenat biave @ appi@Qiably
w. % of a pola/car boglat . &)ased ) : : : o
reduced induction time and simultaneously a markedly increased catalytic activity.
This improves the economics of the process by shortening the total reaction times of
the polyetherpolyol preparation. Ideally, by virtue of the increased activity, the
catalyst can then be used in such small concentrations that an otherwise very costly
catalyst separation is no longer necessary and the product can be used directly for
15 polyurethane applications. Surprisingly it has now been found that DMC catalysts
containing 2 - 80 wt.% of a polycarbonate, based on the amount of catalyst, have
markedly shortened induction times and simultaneously a greatly increased activity

in the preparation of polyetherpolyols.

20  The present invention provides novel, improved double metal cyanide (DMC)

catalysts comprising:
a) a double metal cyanide compound and
25 b) an organic complexing ligand,

which are characterized in that they contain 2 to 80 wt.% of a polycarbonate, based

on the amount of finished catalyst.



on the anount of finished catalyst.  Le A 32 756 -3- The catal ysts
according to the invention may al so contain water, preferably 1 to 10 w. %
and/ or Wwat er - sol ubleArBRt7d6 salt, preferably 5 to 25 wt.% fromthe
preparation of the double nmetal cyani de conpound. 5 The doubl e net al
cyani de conpounds a) suitable for the catal ysts according to the invention
are the reaction products of a water-soluble-Betal salt and a water-sol uble
nmetal cyanide salt. The water-soluble netal salt preferably has the general

formila M X , | - LoD (4!
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V(V), V(1V), Sr(11y,%Nddifr, wigv/$olybleu(erdl salanuteferablyl 5 Yo 27n¢.P4, )fronfred(d grpparation
Co(ll) and Ni(II)éﬁJ &Hbﬁlcul rIy referred. X is an anion which is
preferably sel ect &tf g %@eﬁ d’ﬁﬁWP%ﬁlqﬁg hal i des, hydroxi des,

sul f at es, carbonates, cyanates, th| ocyanates, isocyanates, i sothiocyanates,
carboxyl ates, 15 oxal ates and nitrates. The value of nis 1, 2 or 3.

Exanpl es of s$it ablte deibdd meal tgarddecothptuned bPsidBle o it &h&ap@tsi@eco%alﬂs to the
acetate,- zinc acetyl acetonate, zinc benzoate, zinc nitrate, iron(l]I

sul fate, iron(ll) iBy@wiogare ihedn?(cﬂpt)l pradugisiode, watertselluble metad halb pidie water-soluble

cobal t (I'') thi ocyanqt mckelx(ll) chloride and nickel (11) 20 nitrate.

It is also p055|ble fl tures of different netal salts. The

wat er - sol ubl e netal cyanide salt preferably has the general fornula [err]

M being selected fromthe netals Fe(ll), Fe(lll), Co(ll), Co(lll), C(Il),

Cr(lt)y, m(ll), I\ﬁ(el Wlat)er-scblnbllelmytal M( ptefqraﬂh(ﬂabltm gm(mu ﬁo;rm‘d(al M(Xan M \Helhg

[ f selecte

“0”0(: D) )25 Fe(l Qpa”' ﬁédym R Y Fey, S, M, o B Sach, B, Fequn,
Mo(IV), Mo(V]), AI(IIL), V(V), VIV), Sr(D), W(IV), W(VI), Cu(Il) and Cr(III).
Zn(IT), Fe(Il), Co(Il) and Ni(Il) are particularly preferred. X is an anion which is
preferably selected from the group comprising halides, hydroxides, sulfates,
carbonates, cyanates, thiocyanates, isocyanates, isothiocyanates, carboxylates,

15 oxalates and nitrates. The value ofnis 1, 2 or 3.

Examples of suitable metal salts are zinc chloride, zinc bromide, zinc acetate, zinc
acetylacetonate, zinc benzoate, zinc nitrate, iron(II) sulfate, iron(II) bromide, iron(II)
chloride, cobalt(Il) chloride, cobalt(II) thiocyanate, nickel(II) chloride and nickel(II)

20 nitrate. Itis also possible to use mixtures of different metal salts.

The water-soluble metal cyanide salt preferably has the general formula
(Y).M'(CN),(A)., M’ being selected from the metals Fe(II), Fe(III), Co(Il), Co(III),
Cr(11), Cr(I1I), Mn(II), Mn(III), Ir(III), Ni(II), Rh(III), Ru(Il), V(IV) and V(V). M’ is
25 particularly preferably selected from the metals Co(I), Co(IIl), Fe(I), Fe(IIl),
Cr(Ill), Ir(III) and Ni(II). The water-soluble metal cyanide salt can contain one or
more of these metals. Y is an alkali metal ion or an alkaline earth metal ion. A is an
anion selected from the group comprising halides, hydroxides, sulfates, carbonates,
cyanates, thiocyanates, isocyanates, isothiocyanates, carboxylates, oxalates and
30 nitrates. Both a and b are integers (>1), the values of a, b and ¢ being chosen so as to

ensure the electrical neutrality of the metal cyanide salt; ¢ preferably has a value of



Cr(lrr)y, Ir(llr) and Ni(Il). The water-soluble netal cyanide salt can
contain one or nore of these netals. Y is an alkali nmetal ion or an

al kal i he earth nmeLalA 316 A is an ani on selected fromthe group conprising
hal i des, hydroxi des, sulfates, carbonates, cyanates, thiocyanates.

| socyanat es, isothi ocyanates, carboxyl ates, oxal ates and 30 nitrates.
Both a and b are integers [err] the values of4a, b and c being chosen so as
to ensure the electrical neutrality of the netal cyanide salt; c preferably
has a val ue of 0L ExAmpBRs 65 6uitable Waterotutid metabtyaidd sabhk erevpit@siugohdxt ano-
nmetal cyanide salts are potassium hexacyano- cobaltate(ll1), potassium
hexacyanof err at e( Fql)a,ltaﬁfiﬂ%é,s ot iHEN Deyatyenelewaedl)) | Potassuun ¢ hexgeyanoferrate(IID),

hexacyanocobal tate(;l.l.1), and Lithi ac c |.1.at I Exanpl es
of suitable doubl 841?%&[‘961*?3"8‘%’5‘%?%%’a@@ﬁ@@ﬁ%‘&%ﬁg‘) RRab RSty | | XS
catal ysts according to the invention are zinc hexacyanocobal tate(lll), zinc
hexa- cyanoferrate(ll), zinc hexacyanoferrate(lll), nickel (1)

hexacyanof er 5at e( Ekdmples of slitabie dduplenmrtabyyrnuleaoaipoands(d) which @urhbe usedaimphes

of suitable double netal cyani de gonpounds can be found e.g. | S 5 158
922 (columm 8, |i FRI&LYSS a—"C%‘g)n.g 1% ﬁiesmiiﬂmon “Br’é‘?%hﬁ’fﬁ‘%a‘t%"gaé@tegﬂﬁc zinc hexa-

hexacyanocobal t at rdi: | |
contai n an organi ?%é%aéipﬁg Qpélggg?]{(f% gﬁgﬁ%g@w Pgelgﬂc&lggasc grY cg%%tgqiﬂeand
catal ytic activi t gobaBi(ll} kdXaeyanogabaitate@pOther exgampleanituitatsle denlsiemetalRyanide
principle and are described in detail in the state of the art 15 -
i ndi cat ed above (&9mpRuIs qag be foygd g indeh ARS8 822 |(Folumngl. limes) 29 Tif6). It is
conpl exi ng ljgand i i 3.he in paration of the catal yst or
i medi atel y la(l)?t er pfoer%%rgl?lgiéjgfﬁ%‘trqc %?g%go%g%gﬁg@f The conplexing ligand is
conventional ly used in excess. Preferred conplexing |igands are
wat er - sol ubl e organi ¢ conpounds

The DMC catalysts according to the invention contain an organic complexing ligand

b) because this increases e.g. the catalytic activity. Suitable organic complexing
ligands are known.in principle and are described in detail in the state of the art
15 indicated above (cf. e.g. US 5 158 922, column 6, lines 9 - 65). The complexing
ligand is added either during the preparation of the catalyst or immediately after
precipitation of the catalyst. The complexing ligand is conveﬁtionally used in
excess. Preferred complexing ligands are water-soluble organic compounds
containing heteroatoms, such as oxygen, nitrogen, phosphorus or sulfur, which are
20 °  capable of forming complexes with the double metal cyanide compound. Examples
of suitable organic complexing ligands are alcohols, aldehydes, ketones, ethers,
esters, amides, ureas, nitriles, sulfides and mixtures thereof. Preferred organic
complexing ligands are water-soluble aliphatic alcohols, e.g. ethanol, isopropanol, n-
butanol, isobutanol, sec-butanol and tert-butanol. Tert-butanol is particularly

25 preferred.

The DMC catalysts according to the invention contain the double metal cyanide
compounds in amounts of 20 to 90 wt.%, preferably 25 to 80 wt.%, based on the
amount of finished catalyst, and the organic complexing ligands in amounts of 1 to

30 30 wt.%, preferably 3 to 25 wt.%, again based on the amount of finished catalyst.



contai ni ng heteroatons, such as oxygen, nitrogen, phosphorus or sulfur,

whi ch are 20 capable of form ng conplexes with the double netal cyanide
conmpound. Exanpl dse Af32sii6t abl e organi ¢ conpl exi ng |igands are al cohol s,
al'dehydes, ketones, ethers, esters, am des, ureas, nitriles, sulfides and
m xtures thereof. Preferred organic conplexing |ligands are water-sol uble

al i phatic alcohols, e.g. ethanol, isopropanol5-n- butanol, isobutanol,
sec-butanol and tert-butanol. Tert-butanol is particularly 25

preferred. The DML aMCE Yoatalysis 6€doddiRg th Ahé NBvdnfi¥R NohAth QoNigai wt.yhef qo%thye
met al cyani de conpounds in amounts of 20 to 90 wt.% preferably 25 to 80

wt . % based on t hearkomaignbasefl ohithé amentodicatalyst. , Prefatredreatatystfagrintain Srpitewt.tig
| i gands i n anmounts Okfl to 30 30 wt.% preferably 3 to 25 w.% again
based on the amoUHtPOOIa R Ehed cat al yst . Le A 32 756 5- The DMC

catal ysts according to the invention contain 2 - 80 w.%of a poly-
carbonate, based on the anmount of catalyst. Preferred catalysts contain 5 -

50 W . % of psl ycapdiptrabenates suitablRl Yeratheopedpamtioni sflthe chalystshacquréeipgr e it
of the-catalysts according to the invention are higher nol ecul ar substances
with the charact einvetion ase higherunelecylarsubstancss Withdhe ehamsieristia sirgcturad &ature of

group, -OCO O, as a,repeat. unit int I n, The re. nor,mal,l y ohtained
by the pol yconden@gtcﬁr(?r?_ngcf acb%leqfa’ﬁﬁr&u F’o%g'l(ﬁ%@d’r %&%/Ireﬁcé%ﬁ%%hﬁ%éhe(gé _ rgfhﬁ are
bi shydroxyl conmpoygsil ickgimldkdnedi RiytoffenBitidNeNsdishuin¥idnal BB Comdfdbunds

acid derivatives |ike phosgene or bis[chlorocarbonyl oxy] conpounds,
carboni c aci d di elgersrallpbishydmxylAcdmpeunds lkesalkimiediolsy or disphednigewnth ngaorend

AR WA N T I TSR A T TR
diesters or urea. A further possibility is a three-component or multicomponent
polycondensation of polyfunctional hydroxyl compounds (e.g. bisphenols) and
carbonic acid derivatives with e.g. vinyl monomers or polymers, halogenobisphenols
or bis(4-hydroxyphenyl)sulfanes, oxiranes, dicarboxylic acids or dicarboxylic acid

15 dichlorides, phosphonic acid or phosphonic acid derivatives, or silicon compounds.
Other conventional methods of preparing polycarbonates consist in the
polymerization of (macro)cyclic carbonic acid diesters, spirocyclic orthocarbonic
acid tetraesters and unsaturated carbonic acid diesters, in the copolymerization of
cyclic carboxylic acid diesters with other cyclic carbonic acid diesters, lactones or

20  lactams, and in the copolymerization of carbon dioxide with oxiranes or oxetanes.

Methods of preparing polycarbonates are generally well known and are described in
detail in for example “Houben-Weyl, Methoden der organischen Chemie”
(“Houben-Weyl, Methods of Organic Chemistry”), volume E20, Makromolekulare
25 Stoffe (Macromolecular Substances), 4th edition, 1987, pp. 1443 - 1457, “Ullmann’s
Encyclopedia of Industrial Chemistry”, volume A21, 5th edition, 1992, pp. 207 -
215, and “Encyclopedia of Polymer Science and Engineering”, volume 11, 2nd

edition, 1988. pp. 648 - 718.

30 It is preferable to use aliphatic polycarbonates having hydroxyl end groups and

average molecular weights below 12,000, as determined by measurement of the OH



carboni c acid derivatives with e.g. vinyl nononmers or polyners,

hal ogenobi sphenol s or bi s(4-hydroxyphenyl)sul fanes, oxiranes, dicarboxylic
aci ds or di carboxylixcypgégl 15 di chl ori des, phosphonic acid or phosphoni c
acird derivatives, or sitrcon compounds. Cther conventi onal nethods of
prepari ng pol ycarbonates consist in the polynerization of (macro)cyclic
carbonic acid diesters, spirocyclic orthocarbgnic acid tetraesters and
unsaturated carbonic acid diesters, in the copolynerization of cyclic

carbouyl e acld ChGRRE! Sk a8t RS BOR, BoRah el kR

oxiranes or oxet ag&spourkls f’(g&ferﬂfy @16%5’%'&' ﬂ&&ti@ﬁ' wiRRdRepat LBorRke cﬂﬂnfilr edrbomate,
wel | known and are described in detail in for exanple "Houben-Wy

Met hoden der or gadioselaspnashphdsgene( bisghloreparbenit aciiestiatscs usda. Or gani ¢

Chem stry"), volunme E20, Mkronol ekul are 25 Stoffe (Macr onvol ecul ar
Subst ances), 4th edition, 1987, pp. 1443 - 1457, "U |l mann's Encycl opedi a of
I ndustrial Chems h..e | o
"Encycl opedl a of %?yr?eaﬁ&g%gn??&era@EEﬁggﬁéeer %%tﬂc?%agc%on&%ogﬁl gl’clil%}lggaﬁe
1988. pp. 648 - TitblecAlar weightsi of pOERercdODe at aletesminetli iphateasurpnieyc af kho a0Ks
havi ng hydr oxyl endmgroups and average nol ecul ar wei ghts bel ow 12, 000, as
det ermi ned by nmeaSumBeeHhigk are ganaryily obtaigedafrgm mogevicigal diglshyaieactign) with diasyl

general ly prepare 0P al h
(general ly diol s) oF ea’c‘ﬁ%%%ypa%%% d“& agor?%bﬁh({légﬂ di%ﬁlﬁlgf&g%%gonactld esters
di oxol anones, phosjgaﬁe(cﬂae $CHP 0DDGRY mnlhe dé@in‘i’er@éiél%ﬁ&h@émw ea. 5 It is

particularly preferable to use aliphatic polycarbonate-diols with average
mol ecul ar weights of 400 to 6000, as determ ned by neasurenment of the OH

The following non-vicinal diols are particularly suitable for this purpose: 1,4-
butanediol, neopérityl ‘glycol, 1,5-pentanediol, 2-methyl-1,5-pentanediol, 3-methyl-
1,5-pentanediol, 1,6-hexanediol, bis(6-hydroxyhexyl) ether, 1,7-heptanediol, 1,8-
octanediol, 2-methyl-1,8-octanediol, 1,9-nonanediol, 1,10-decanediol, 1,4-bis-
hydroxymethylcyclohexane, diethylene glycol, triethylene glycol, tetracthylene
glycol, dipropylene glycol, tripropylene glycol, tetrapropylene glycol, oxyalkylation
products of diols with ethylene oxide and/or propylene oxide and/or tetrahydrofuran,
having molecular weights of up to 1000, preferably 200 - 700, and, in rarer cases, so-
called “dimeric diols” obtainable by reduction of both the carboxyl groups of so-
20 | called “dimeric acids”, which in tum are obtainable by the dimerization of

unsaturated vegetable fatty acids.
The diols can be used individually or in mixtures.

25 It is possible to use small amounts of higher boiling monofunctional alcohols such as

phenylethyl alcohol, decanol, stearyl alcohol or lauryl alcohol.

Small amounts of trifunctional or higher functional alcohols, e.g. trimethylolethane,

trimethylolpropane or pentaerythritol, can also be used for branching.



nunber, which are generally obtained fromnon-vicinal diols by reaction
with diaryl carbonate, dial kyl carbonate, dioxol anones, phosgene,

birschl orocarbonicjagy shesgers or urea (cf. e.g. EP 292 772 and the
dotunents cited therern). 10 The follow ng non-vicinal diols are
particularly suitable for this purpose: 1,4- butanediol, neopentyl glycol,
1, 5-pentanediol, 2-nethyl-1,5-pentanediol, 3-methyl- 1 ,5-pentanediol, 1

, 6- hexanedi ol , bis(6-hydroxyhexyl) ether, 1 ,7-heptanediol, 1, 8-

oct anedi ol , 2-net - iol, - i ol - 0 LRl 4:
Drs 15 e SARERE ARG s con be BATPREMA with bl RERREHLR, dray
glycol, tetraethykgaBengby eath adlidipiepyl, ediel@l ¥Meollyl trid @irepliheheadloyise) dialléyl
tetrapropyl ene glycol, oxyal kylation products of diols wth ethyl ene oxide
and/ or propyl ene osbdeatesmeuaby ag dimeihyld disthyl.adiprapatsi dibutirb| didmylapndudiayniobexl
up to 1000, preferably 20Q.- 700, and, in rarer cases, sO- called "diperic
0¥ ol o+ "obt ai habl e cHONRUAITERBtesh 3 ah < Ao OT B Bronyne arbonats
called "di nerg c agbgedioMisisdtorbsdrford £id Bt EndBhdtfi&, di meri zation of
unsat ur at ed vegetableef%ﬁty a%idg. #ﬂé diéls céﬁﬁ%% used individually or in
m xtures. 25 It is possible to use small anounts of higher boiling
nonof uncti onal al cohols such as phenyl et hyl al cohol, decanol, stear

yletl ) |
al cohol or |auryl TAEcEASion Spmibe eatdlieRds o coRyentipRal t aRner Bt mﬁaghé?rfy bases or
functional al cohol . [ gxh | et hane, trinmethyl ol propane or
pentaerythritol, 8%%“§f§3w5%°§§é gT branchi ng. 30 Le A 32 756 -7 - The
foll ow ng conpounds can be used for reaction with the non-vicinal diols:
di aryl

10 Both the use of the organic complexing ligand and the use of the polycarbonate are
necessary for the preparation of a DMC catalyst with a reduced induction period and
an increased activity (cf. Examples 7 - 8 and Comparative Examples 6 and 9). The
catalyst composition is analyzed in conventional manner by means of elemental

analysis and thermogravimetry.

The catalysts according to the invention can be crystalline, partially crystalline or
amorphous. The crystallinity is analyzed in conventional manner by X-ray powder

diffractometry.

20 The improved DMC catalysts according to the invention are prepared in
conventional manner, in aqueous solution, by reacting metal salt (in excess) and
metal cyanide salt in the presence of the organic complexing ligand and the

polycarbonate.

o
(9]

The first step of this process is preferably to react the aqueous solution of the metal
salt (e.g. zinc chloride, used in stoichiometric excess (at least SO mol% based on the
metal cyanide salt)) and the aqueous solution of the metal cyanide salt (e.g.
potassium hexacyanocobaltate) in the presence of the organic complexing ligand
(e.g. tert-butanol) to form a suspension containing the double metal cyanide
30 compound (e.g. zinc hexacyanocobaltate), excess metal salt, water and the organic

complexing ligand.



carbeonates such as diphenyl, ditolyl, dixylyl and di naphthyl carbonate,
di al kyl carbonates such as dinethyl, diethyl, dipropyl, dibutyl, dianyl and
di cycl bhexyl car bead®756li oxol anones such as et hyl ene carbonate and

propyl ene carbonate, 5 hexanedi ol 1, 6-bi schl orocarboni c acid ester,
phosgene and urea. The reaction can be catal yzed in conventional manner by
means of bases or transition netal conpounds8-10 Both the use of the

organi c conpl exing ligand and the use of the pol ycarbonate are necessary

for the preparat ip pfank: Q@I@ﬁh?'lﬂé&ﬁd Wirf Bk Brebid Bie BRhdr e G iRth BeiheQuaid
an increased activity (cf. anpl'es 7 - 8 and Conparative Exanples 6 and
9). The cat al yst sclatipuss ot itdnadded amadegiatedy torthe suspendiomokthingdafier progipiieamsofof

el emental analysis and thernogravi netry. 15 The catal ysts, according to the
i nvention can be the gaitble Friel‘?gl,)cyﬁ%lfi? campgund ygt@ﬁlheﬁ%%‘inda‘i"ﬁ}’raﬁﬁgws ®PHaix the

crystallinity is ] ' I = .
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i nvention are prepared in conventional manner, in aqueous solution, by

reacting netal salt (in excess) and netal cyanide salt in the presence of

t he organi ¢ conplTazisngpenpignformeddisithen pedted witbghapelycahonate, Whighfis psefersblyp
of this process is prefer %g‘_l &"&‘io rteactd t he.aguegus sgl utjon of the netal
salt (e.g. zinc CHAYORABXYESGH KAk BCHP NI PR ERE 88 % at | east 50 nol %
based on the nmetal cyanide salt)) and the aqueous sol ution of the netal
cyanide salt (e.g. potassium hexacyanocobaltate) in the presence of the

or gani ¢ conpl exi Myelcegdystcgreaigingttbe polycdrborake istispléted fom e spspension by known
cont ai ni ng the double nmetal cyani de 30 .conmpound (e.g. zinc

hexacyanocolhl t atePniquss &< CFRITIRIZaen ¢ filifatielk and t he organi c conpl exi ng
| i gand.

To increase the activity of the catalyst, it is advantageous if the isolated catalyst is
then washed with an aqueous solution of the organic complexing ligand (e.g. by
resuspension and subsequent re-isolation by filtration or centrifugation). This
15 procedure makes it possible to remove for example water-soluble by-products like
potassium chloride, which have an adverse effect on the polyaddition reaction, from

the catalyst according to the invention.

The amount of organic complexing ligand in the aqueous washing solution is
20  preferably between 40 and 80 wt.%. It is further advantageous to add some
polycarbonate, preferably in the range between 0.5 and 5 wt.%, to the aqueous

washing solution.

It is also advantageous to wash the catalyst more than once. This can be done e.g.
25 by repeating the first washing process. It is preferable, however, to use non-aqueous
solutions, e.g. a mixture of organic complexing ligand and polycarbonate, for further

washing processes.

Finally, optionally after pulverization, the washed catalyst is dried at temperatures of

30 20 - 100°C and at pressures of 0.1 mbar to normal pressure (1013 mbar).



LeA32 756 -8 - The organic conplexing |igand can be present in either one
or both of the aqueous solutions, or it is added imediately to the
suspensi on obt ai MedA3Rt76 precipitati on of the double netal cyanide
conpound. It has been found advantageous to nmix the aqueous sol utions and
the organic conmplexing ligand with vigorous stirring. 5 The suspension
formed is then treated with the pol ycarbonat-&- which is preferably used in
a mxture with water and organi c conpl exing |ligand. The catal yst containing

the pol ycar bonat erfieSinv&lont A RMVIHEANLS USPENSE ApRIvelt TMEC chfhilysts according to
techni ques, e.g. centrifugation or filtration. To increase the activity of

the catal yst, it theirausntaort ﬁ)gelmm'epdratldneof mbyetiterpblyels byyMpolsaddlrtm afaskdene
wi th an aqueous sol ytion of the or i ¢ _conpl exi ngér and é"é . by
resuspensi on and %’%‘g?é’(ﬁ‘&bﬁ?“‘fré?-o?’% CORAIG 39UV E BYHISREHO®ENt 1 i f ugat i on) .
This 15 procedure makes it possible to renove for exanpl e water-sol uble
by-products |ike potassiumchloride, which have an adverse effect on the

pol yaddi ti onsr eacTheddlkylkfi@oRitiewhiah ateysiefopdOp usidnge etyldie okideepiopPitne dRide,
amount -of organi c conplexing ligand in the agueous washi ng solution is 20’

preferably bet meebvmlgnmwdsoanﬂt migtures tthgreoff udhp syndasiami d @mb'eﬂ@racdwmsdm

pol ycar bonat e, I n t he r bet ween, 0.5 a

Paubous viahi ng” SokgRgioh oof be Moo diEa ot Fhbtems BONemst srfidst b e Al o
than once. This cm:f&etedqmo%lg or &blocks with 7 8PP atffeiéht irfofrefis bpdyaddyl 'mnher
process. It is preferable, however, to use non-aqueous solutions, e.g.

m xture of organi dﬁtmbrrphxexbmg”omcgand“ﬁ}hdamml ynaydopisdiee  def oindfsirieltenr Gmghe hg
processes. (“Ullmann’s Encyclopedia of Industrial Chemistry”), English edition, 1992, volume

A21, pages 670 - 671.

Compounds with molecular weights of 18 to 2000 and 1 to 8 hydroxyl groups are
used as the starter compounds containing active hydrogen atoms. Examples which
may be mentioned are ethylene glycol, diethylene glycol, triethylene glycol, 1,2-
propylene glycol, 1,4-butanediol, hexamethylene glycol, bisphenol A, trimethylol-

propane, glycerol, pentaerythritol, sorbitol, cane sugar, degraded starch and water.

As the starter compounds containing active hydrogen atoms, it is advantageous to
20 use those which have been prepared e.g. by conventional alkali metal catalysis from
the above-mentioned low molecular starters and represent oligomeric alkoxylation

products with molecular weights of 200 to 2000.

The polyaddition of alkylene oxides onto starter compounds containing active
25 hydrogen atoms, catalyzed by the catalysts according to the invention, generally
takes place at temperatures of 20 to 200°C, preferably in the range 40 to 180°C and
particularly preferably at temperatures of 50 to 150°C. The reaction can be carried
out at total pressures of 0 to 20 bar. The polyaddition can be carried out without a
solvent or in an inert organic solvent such as toluene and/or THF. The amount of
30 solvent is conventionally 10 to 30 wt.%, based on the amount of polyetherpolyol to

be prepared.



Final I'y, optionally after pulverization, the washed catalyst is dried at
t enperatures of 30 20 - 100[err]C and at pressures of 0.1 nbar to
normal pressure (1IR3 301736) . Le A 32 756 9- The invention further

provi des the use of the inproved DMC catal ysts according to the invention
for the preparation of polyetherpolyols by the polyaddition of alkylene
oxi des onto starter conpounds containing acttye-hydrogen atons. 5 The
al kyl ene oxi des which are preferably used are ethyl ene oxide, propyl ene

oxide, butylene oxpyle a9 stmg%hwnﬁﬁti&hqg e&lfosen;@‘swﬁ%’ ﬁbgﬁl]ijiﬁ o%éec’dtrrgﬁgtlr?r@lr %gép?ﬁe

chai ns by al koxylation can be carried out e.

epoxi de, but can glodyndbitioaf freatied wadetonhey given nrdattimk scomidittond. or TBe catalyst
di fferent nononeric epoxides. Further details can be found in "U Il manns
Encycl opadi e der iGRBERYRIeR ik gewsahi B thegrange 0:000F weith'te IEMG Yol rplseibdy o the
| ndustrial Chem stry" ligh,editiong, 1992, vl une 1 es 670 - 671.
Conpounds with m)lré%% g'rog\?veg\fv{g RS Yg'/‘,ﬂ’obaf ?%a ?m?@“%sé%gggsi‘f@"g@é&asbe

are used as tfie stpégapsd. compounds contai ning active hydrogen atons.

Exanmpl es which 15 may be nentioned are ethylene glycol, diethylene
glycol, triethylene glycol, 1,2- propylene glycol, 1,4-butanediol,
hexanet hyl ene gl ycql , bi sphenol . A,. trinethyl ol - propane, glycerol, )
pentaerythritol, 2‘3%??%10? tgﬁ??ef"é&tfaf?o,ly@é‘&%&féﬁ "8@1&?&? I3R%F Hames fevnamingges to
starter conpounds (eoAiRkNg active hydrogen atons, it is advantageous to
20 use those which have been prepared e.g. by conventional alkali netal

catalysis fromthe above-nentioned | ow nol ecul ar starters and represent
ol i goneric al koxyl ati on products with nol ecul ar weights of 200 to 2000. The

pol yaddi ti onl®f alldgiraplecwan yeights of shespodyatharpeliels pranasedcnthaipmeaess aaspidieg to
the invention are in the range 500 to 100,000 g/mole, preferably in the range 1000 to

50,000 g/mole and particularly preferably in the range 2000 to 20,000 g/mole.

The polyaddition can be carried out continuously, batchwise or semibatchwise.
15
The catalysts according to the invention generally require an induction time of a few

minutes to several hours.

With the aid of the novel catalysts according to the invention, the induction times in
20 the preparation of polyetherpolyols are markedly shortened in comparison to the

DMC catalysts known hitherto.

The alkoxylation times are greatly reduced simultaneously because of the
substantially increased activity.

25
This leads to a shortening of the total reaction times (sum of induction time and
alkoxylation time) typically of 65 - 80% in comparison to the DMC catalysts known

hitherto, thereby improving the economics of the process.

30 By virtue of their markedly increased activity, the catalysts according to the

nvention can be used in such low concentrations (15 ppm or less, cf. Example 10)



25 > hydrogen atons, catalyzed by the catal ysts according to the
invention, generally takes place at tenperatures of 20 to 200[err]C,
preferably in the keah@2 746 to 1 80[err]C and particularly preferably at
tenperatures of 50 to 150[err] C. The reaction can be carried out at total
pressures of 0 to 20 bar. The polyaddition can be carried out without a
solvent or in an inert organic solvent such a$ltol uene and/or THF. The
anount of 30 solvent is conventionally 10 to 30 w.% based on the
amount of pol yet hengokytalseti® pagubdtRRR! HPlicationkSit £ SehefAE posSiblel dlggéré!a ¥sith
concentration is chosen so as to all ow good control' over the polyaddition
reaction under tHemgvaleef the gatalysddront ded polyonwithoutTheyirggatmladserse effect on the
concentration is %ﬁ@ﬁ%a'%%hi“ Ehe range 0.0005 wt.%to ] w.% preferably
in the range 0.00 19, AP o9 based on the anount of pol yet her pol yo]
to be 5 prepared. The reaction tines for the polyaddition are within
the range froma few mnutes to several days. 10 The nol ecul ar wei ghts
of the pol yetherpolyols prepared by the process according to the invention
are in the range 500 to 100,000 g/ nole, preferably in the range 1000 to
50,000 g/ nmole and particularly preferably in the range 2000 to 20, 000

g/ nol e. The pol yaddition can be carried out continuously, batchw se or

sem batchwi se. 15 The catal ysts according to the invention generally
require an induction time of a few mnutes to several hours. Wth the aid
of the novel catalysts according to the invention, the induction tines in



20 : the preparation of polyetherpolyols are nmarkedly shortened in
conparison to the DMC catal ysts known hitherto. The al koxylation tinmes are
greatl'y reduced sLmfl 32A%ously because of the substantially increased
activity. 25 This leads to a shortening of the total reaction tinmes (sum of
i nduction tinme and al koxylation tine) typically of 65 - 80%in conparison
to the DMC catal ysts known hitherto, thereby iZmroving the econonics of the
process. 30 By virtue of their markedly increased activity, the

catal ysts accor di pgainpldshe i nvention can be used in such |ow concentrations
(15 ppmor less. cf. Exanple 10) Le A 32 756 that, for use in

pol yur et hane applications, it is generally possible to dispense with
renoval of the catal yst. fr th?1 | yol without having an adverse effect on
the qualities of Eﬁ%é5¢8883ﬂk5@iuﬁgA32 756 - 12 - Exanpl es Preparation of
the catalyst 5 Conparative Exanple 1 Preparation of a DMC catal yst with
tert-butanol as the organic conplexing ligand and wi thout the use of

pol ycar bonat & ( catGuinystrative Examptesi s according to

Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand
and without the use of polycarbonate (catalyst A, synthesis according to
JP 4 145 123).
10
A solution of 10 g (73.3 mmoles) of zinc chloride in 15 ml of distilled water is
added to a solution of 4 g (12 mmoles) of potassium hexacyanocobaltate in 75 ml of
distilled water, with vigorous stirring. A mixture of 50 g of tert-butanol and 50 g of
distilled water is then added immediately to the suspension formed and the resulting
15 mixture is subsequently stirred vigorously for 10 min. The solid is isolated by
filtration, then stirred for 10 min with 125 g of a mixture of tert-butanol and distilled
water (70/30; w/w) and filtered off again. Finally the solid is stirred for a further 10
min with 125 g of tert-butanol. After filtration the catalyst is dried to constant

weight at 50°C and normal pressure.

Yield of dried pulverulent catalyst: 3.08 g

Elemental analysis:

cobalt = 13.6%, zinc = 27.35%, tert-butanol = 14.2%, (polycarbonate = 0%)

[Re]
wn

Example 2

Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand

and with the use of an aliphatic polycarbonate (catalyst B).



JP 4 145 123). 10 A solution of 10 g (73.3 nmles) of zinc chloride in 15
m of distilled water is added to a solution of 4 g (12 mol es) of

pot assi um hexacyanoaagbalsgate in 75 m of distilled water, w th vigorous
stirring. A mxture of 50 g of tert-butanol and 50 g of distilled water is
then added imediately to the suspension fornmed and the resulting 15

m xture is subsequently stirred vigorously #63-10 mn. The solid is

i solated by filtration, then stirred for 10 min with 125 g of a m xture of

tert-butanol and gdisghjibh e 13’?5t g@ﬁ.g %I%Q]i?s)"\éf"‘%in@eglofihé 4208 ni0bf did@iddd water is
Finally the solid is stirred for a further 10 mn wth 125 g of
tert-butanol. Aftaied td 4 sdtii@nof hg (Lamadoles) of potdssivenl hexacgamsdaitatenai hinl af

50[ err] C and nor nal _Pressure._ 20 Yield of dried (gul verul ent catal yst: 3.08
g Elemental anal y#istdledcypisrtwith vigosoys stitHee £2490G850)- ¢ &y (KIS 96150=2 P4 togy,

(pol ycar bonate = ,09 I Br ti f ] .
tort butanol as ¢ ki daESYE of RulleAA s ef adfWmERLALYE G Wtpension
al i phatic pokycarfanad end @8trédultilg dBkturd® subsdq@erdly3etird6igordidsly (24,600 k) abr
of 12.5 g (91.5 mmles) of zinc chloride in 20 m of distilled water is

added to a sol utidhmif. A myixgure ofmig &) tristhyprme gdyoliretiaethitepe sbisobpdlyearboriate
70 m of (molar ratio triethylene glycol/tetraethylene glycol = 1/1) of average molecular
- weight 1972 (determined by measurement of the OH number), 1 g of tert-butanol

and 100 g of distilled water is then added and the resulting mixture is stirred (1000

10 rpm) for 3 min. The solid is isolated by ﬁltfgtion, then stirred (10,000 rpm) for 10

min with a mixture of 70 g of tert-butanol, 30 g of distilled water and 1 g of the

above polycarbonate and filtered off again. Finally the solid is stirred (10,000 rpm)

for a further 10 min with a mixture of 100 g of tert-butanol and 0.5 g of the above

polycarbonate. After filtration the catalyst is dried to constant weight at 50°C and

15 normal pressure.
Yield of dried pulverulent catalyst: 5.42 g

Elemental analysis and thermogravimetric analysis:

20 cobalt = 10.5%, zinc = 24.2%, tert-butanol = 13.3%, polycarbonate = 21.2%

Example 3

Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand

25 and with the use of an aliphatic polycarbonate (catalyst C).

As Example 2 except that:

a dipropylene glycol polycarbonate of average molecular weight 1968 (determined
30 by measurement of the OH number) is used instead of the polycarbonate of Example

2



disticlled water, with vigorous stirring (24,000 rpm). A mxture of 50 g of
tert- butanol and 50 g of distilled water is then added i mediately to the
suspensi on 5 fopm/snd the resulting mxture is subsequently stirred
vi‘gorously (24,000 rpm) for 10 min. A mxture of 1 g of a triethylene

gl ycol /tetraet hyl ene gl ycol polycarbonate (nolar ratio triethylene

gl ycol /tetraethyl ene glycol = 1/1) of averagd4nrol ecul ar wei ght 1972
(determ ned by nmeasurenent of the OH nunber), 1 g of tert-butanol and 100 g
of distilled wat et;di$of e R eﬁt’atatl)r& gg_gsglti ng mxture is stirred (1000
10 rpm) for 3 mn. The solid is isolated by filtration, then stirred
(10,000 rpm) for 10 mn with a mxture of 70 g of tert-butanol, 30 g of

distilled water and 1 ? of the l_gibtgve pol ycarbonaﬁye and filtered of f agai n.
Finally the sol i dElegicatal analysis ans BeNISHmEGIC 28235t her 10 min with a

LB 3002 PR AL AT 8 e

After filtration rired to const [éirfC and
15 normal spressure. Yield of dried pulverulent catalyst: 5.42 g

El emrental anal ysis and thernogravinetric analysis: 20 cobalt = 10.5%
zinc = 24.2% ter Compazative Exampled pol ycarbonate = 2 1. 2% Exanple 3
Preparation of a DMC catalyst with tert-butanol as the organic conpl exing
| i gand 25 and with the use of an aliphatic polycarbonate (catal yst C).

As Exanpl e 2 excepfephiabn ot ADNOP%hARR WY 4R uBOloY GRIRAARKSe OdndaWaths@Ctert-
nmol ecul ar wei ght 19688 (determ ned 30 gﬁ measur enment of” the OH nunber) is
used instead of t bhetaypalayterdrgaat eom@leﬁngm;ghm (catalyst B).32 756 - 14 -
10
A solution of 12.5 g (91.5 mmoles) of zinc chloride in 20 ml of distilled water is
added to a solution of 4 g (12 mmoles) of potassium hexacyanocobaltate in 70 ml of
distilled water, with vigorous stirring (24,000 rpm). A mixture of 1 g of the
polycarbonate of Example 3 and 100 g of distilled water is then added immediately
15 to the suspension formed and the resulting mixture is subsequently stirred vigorously
(24,000 rpm) for 10 min. The solid is isolated by filtration, then stirred (10,000
rpm) for 10 min with a mixture of 1 g of polycarbonate and 100 g of distilled water
and filtered off again. Finally the solid is stirred (10,000 rpm) for a further 10 min
with a mixture of 0.5 g of polycarbonate and 100 g of distilled water. After filtration

20 the catalyst is dried to constant weight at 50°C and normal pressure.
Yield of dried pulverulent catalyst: 4.72 g

Elemental analysis and thermogravimetric analysis:

25 cobalt = 10.7%, zinc = 18.2%, polycarbonate = 28.6%, (tert-butanol = 0%,

Comparative Example 5§

Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand

30 and with the use of a polyether (catalyst E, synthesis according to EP 700 949).



Yi el d- of dried pulverulent catalyst: 5.33 g Elenental analysis and

t hernogravimetric analysis: cobalt = 10.8% zinc = 24.4% tert-butanol =
20. 2% -pol ycar bonafey 3195€% 5 Conparative Exanple 4 Preparation of a DMC
catal yst with the use of pol ycarbonate and without tert- butanol as the
organi c conplexing ligand (catalyst D). 10 A solution of 12.5 g (91.5

mol es) of zinc chloride in 20 M of distilleld water is added to a sol ution
of 4 g (12 mmol es) of potassi um hexacyanocobaltate in 70 ml of distilled

water, wth vigor 9 s( N f f
o Y 7 QUSIBHAT B 1852 OB o P AMIE B2 of Bl e
i medi ately 15 aﬂ@edttba SURTRARSI4QN( 1R anriBids pofthotdssiumetsuthitjangcotiakata ire 70 sl of

subsequently stirred vigorously (24,000 rpm for 10 min. The solid is
i solated by filtr éhsthﬂﬁd waiern vatl vigerpup fgrrmo(%dwp 8- 10 MHHUR) thb% grr?&tﬁatre

of 1 of pol ycar Q 100 S wa and filtere

agai ng Fi ngl I § th Faﬂcpgo ﬁ?légll?dgglaﬁ?ﬁds Elb% qtdgp 1gnrielii|1;{t%lgrto | rﬁuf"Pe\RﬁslPH
a mxture of §.5 Qor%ed%h%ﬁ@fe’@@lﬂﬁg %m?tﬂ{% i$ Q@b sBq@dntlfistfrbd YRErowat 40603;%) for
filtratiron 20 the catalyst is dried to constant weight at 50[err]C and

normel pressure. YOehid. ¢f mmbctumcbfplg Mq:odﬂpempylwt%'@tbfa\ma?@ mgolEtwaremdight 2000
T8 2% ol ycar bongOb SRt ot 1 B Bhlc ot e Ao oKD T/ Hlehpie g hen
RN b At ety e e
according to EP 70 f43on, then stirred (10,000 rpm) for 10 min with a mixture of 70 g of tert-
10 butanol, 30 g of distilled water and 1 g of the above polyether and filtered off again.

Finally the solid is stirred (10,000 rpm) for a further 10 min with a mixture of 100 g

of tert-butanol and 0.5 g of the above polyether. After filtration the catalyst is dried

to constant weight at 50°C and normal pressure.
15 Yield of dried pulverulent catalyst: 6.23 g

Elemental analysis and thermogravimetric analysis:

cobalt = 11.6%, zinc = 24.6%, tert-butanol = 3.0%, polyether =25.8%

20  Preparation of polvetherpolvols

General procedure

50 g of polypropylene glycol starter (molecular weight = 1000 g/mole) and 3 - 20

o
(9]

mg of catalyst (15 - 100 ppm, based on the amount of polyol to be prepared) are
placed in a 500 ml pressure reactor under inert gas (argon) and heated to 105°C, with
stirring.  Propylene oxide (ca. 5 g) is then metered in all at once until the total
pressure has risen to 2.5 bar. Further propylene oxide is then metered in only when
an accelerated pressure drop is observed in the reactor. This accelerated pressure
30 drop indicates that the catalyst is activated. The remaining propylene oxide (145 g)

is then metered in continuously at a constant total pressure of 2.5 bar. When the



Le A 32 756 - 15 - A solution of 12.5 g (91.5 mmol es) of zinc chloride in
20 M of distilled water is added to a solution of 4 g (12 mmol es) of

pot assi um hexacypnacpbalgtate in 70 m of distilled water, w th vigorous
stirring (24,000 rpm. A mxture of 50 g of tert- butanol and 50 g of
distilled water is then added i mediately to the suspension 5 f ormed
and the resulting m xture is subsequently stigr-red vigorously (24,000 rpm
for 10 mn. A mxture of 1 g of polypropylene glycol of average nol ecul ar

vel ght 2000 (OH pUiReH o3 b oxide @ Bhuolel! kPhibantbadiRfl il ;  Bys

distilled water en a e resul g mXxtu is stirred

rpm for 3 mn. Fhessgltag elapséds Gbomti@driotiohs latd @ibiilded, off REYOST i(T methr) &Y R
rpm) for 10 min with a mxture of 70 g of tert- 10 but anol, 30 g of
distilled water eaadeditogoorh tethperatysse pol yether and filtered of f again.
Finally the solid is stirred (10,000 rpm for a further 10 mn with a

m xture of 100 g of tert-butanol and 0.5 g of the above polyether. After
filtration the c I i i ' : a rg\inll
pressare. 18 o BOYetleiliog At aD R Chattin, 8 SguRihdlonT 00 A Ot
anal ysi s and t henumberavhardbuble tondl gomieht andhbtht tmelediflar Weighit riistab@dor6 ¥, /M,

tert-butanol = 3, 0% olé/et her = 25.8% 20 Preparati on of
pol yet her pol vol s(ﬁééi%ﬁegl' dure 50 g of pol ypropyl ene glycol starter
(ol ecul ar wei ght = 1000 g/nole) and 3 - 20 25 ng of catalyst (15 - 100

ppm based on the anmount of polyol to be prepared) are placed in a 500 m
pressure react or THOERIrsd drahé réetor RagNbwad Uy kemdeedot/Bmt QBVeR(plopylent bRide
stirring. Propylene oxide (ca. 5 g) is then netered in all at once until
the total pPessueanshaption fgrystigactiod tiyag [mifl)r t her propyl ene oxide is then
netered in only when an accel erated pressure drop is observed in the
reactor. This accel erated pressure 30 drop indicates that the catal yst

is activated. Thend GRREMITEMEE ¥B¥ RASmMeddRork #EH it of intersection of the tangent at

the steepest point on the conversion/time curve with the extrapolated baseline of the

curve.

15
The propoxylation times which are decisive for the catalytic activity correspond to
the period of time between catalyst activation (end of the induction period) and the
end of the metered addition of propylene oxide.

20 The total reaction time is the sum of the induction time and the propoxylation time.
Comparative Example 6
Preparation of polyetherpolyol with catalyst A (100 ppm)

25
Induction time: 290 min
Propoxylation time: 165 min
Total reaction time: 455 min
Polyetherpolyol: OH number (mg KOH/g): 28.5

30 double bond content (mmoles/kg): 6

MM, 112



is then nmetered in continuously at a constant total pressure of 2.5 bar.
When t he Le A 32 756 - 16 - netered addition of propylene oxide is
conplete and a pogg prgagli on tine of 5 hours at 105[err] C has el apsed,
volatile fractions are distilled off at 90[err]C (1 nbar) and then cool ed
to roomtenperature. 5 -The pol yet her pol yol s obt ai ned were characterized
by determ nation of the OH nunber, the double7bond content and the

nol ecul ar wei ght distribution [err] (MALDI - TO--MS). The course of the
reacti on was foll conversion/time curves (propyl ene oxide 10
consunption [dg] vgﬁﬁﬁggﬁiion time [mn]). The induction tinmes were

determ ned fromthe point of intersection of the tangent at the steepest
poi nt on the conversion/time curve with the extrapol ated baseline of the
curve. 15 The pr opsrREern efpalysiksspalbivlonitiacatalysidd Ci00@PMIr the catal ytic
activity correspond to the period of tinme between catal yst activation (end
of the induction period) and the end of the netered addition of propyl ene
oxide. 20 5 Theyyptyn tfigaction time is the sumof the igﬂ&ﬁ{ion tinme and
t he propoxylation tinme. Conparative Exanple 6 Preparation o

pol yet her pol yol . whioboxy@datadnytivhe:A (100 ppm) 25 | nduction ti4femin

290 mn Propoxyl a’E‘ci)tglnregci:tirg:time: 13156n51inm &
- Polyetherpolyol: OH number (mg KOH/g): 28.8 .
double bond content {(mmoles’kg): 6
10 MM, 1.05
Example 8

Preparation of polyétherpolyol with catalyst C (100 ppm)

15
Induction time: - 65 min
Propoxylation time: 35 min
Total reaction time: 100 min
Polyetherpolyol: OH number (mg KOH/g): 28.7
20 double bond content (mmoles/kg): 6
M,/M,; 1.04

Comparative Example 9

25 Preparation of polyetherpolyol with catalyst D (100 ppm)

Induction time: >700 min
Propoxylation time: no activity
30 A comparison between Examples 7 - 8§ and Comparative Example 6 makes it clear

that, in the preparation of polyetherpolyols with the DMC catalysts according to the



Total reaction tine: 455 m n Pol yet her pol yol :

OH number (nmg KOH g): 28.5 30 doubl e bond
content (mmol es/ HEA 32@5perr] 1.12 Le A 32 756 -
17- Exanple 7 Preparation of polyetherpolyol with catalyst B (100 ppm) 5

| nduction tine: 95 m n Propoxyl ation
time: - 40 min Td8al reaction time:

135 m n Pol yet herpol yol : OH nunber (nmg KOH Q) : 28. 8 doubl e bond

content -(mmol es/ kfiyentiofl, 1ébntaining an organic complexin®r Migand (tert-butanol) and a
1.05 Exanple 8 Preparation of polyetherpolyol wth catalyst C (100 ppm 15
| nduction tine: polycarbonate, the induction times obtained are mggkedly, reduogshiny¢ompagison to
time: 35 m.n Total reaction tiJe: .

100 i n Pol yet herPgiey8f 2 DMEx Flv i anR g 2 Oreanic”Compleyingsligand (rert-
doubl e bond cont effadolMah &tk He catdlydi€hdchrding to the invention simultaneodstP fossess a
Conparative Exanple 9

5 greatly increased activity (detectable by the substantially shortened propoxylation

times).

Comparative Example 9 shows that a DMC catalyst containing only a polycarbonate

and no organic complexing ligand is inactive.

10
Example 10
Preparation of polyetherpolyol with catalyst C (15 ppm)
15 Total reaction time: 310 min
Polyetherpolyol: OH number (mg KOH/g): 29.6
double bond content (mmoles/kg): 6
M,/M,: 1.06
20  Without removal of the catalyst, the metal content of the polyol is as follows: Zn =
4 ppm, Co =2 ppm.
Example 10 shows that, by virtue of their markedly increased activity in the
preparation of polyetherpolyols, the novel DMC catalysts according to the invention
25 can be used in such small concentrations that it is possible to dispense with

separation of the catalyst from the polyol.



25 - Preparation of polyetherpolyol with catalyst D (100 ppm I nduction
tinme: >700 mi n Propoxylation tine: no
activity 30 ALeamParigson between Exanples 7 - 8 and Conparative Exanple
6 makes it clear that, in the preparation of polyetherpolyols with the DMC
catal ysts according to the Le A 32 756 - 18 - invention, containing an
organi ¢ conplexing ligand (tert-butanol) and1&-pol ycarbonate, the induction
ti mes obtained are narkedly reduced in conparison to those of a DMC

catal yst contai ni ggmpakivEMARRIIG conpl exing ligand (tert- butanol), and
that the catal ysts according to the invention sinultaneously possess a 5
greatly increased activity (detectable by the substantially shortened
propoxyl ation tings). Conparative ample 9 sho t hat a DMC cat al yst

cont ai ni ng only QFEBF?H%‘FB Y@h%rﬁg@ﬁggﬁhﬁgﬁliyét %@ﬁ}ﬂpé‘%?i ng ligand is
inactive. 10 Exanple 10 Preparation of polyetherpolyol with catalyst C (15

ppm 15 Total reaction tine: 310 mn
Pol yet her pol $ol : TotaOHdactigrxebe:( g KOH g) : 29. 6 doubggs gnd cont ent
(mmol es’kg): 6 [err] 1.06 20 Wt hout renoval of

the catal yst, thePolgetherpebiolient Of ruebegsdmgdiONL)as fol | 048 zZn = 4 ppm Co
= 2 ppm double bond content (mmoles’kg): 6

] M,JM,;: 1.04

10 A comparison between Example 10 and Comparative Example 11 shows that the
novel DMC catalysts according to the invention, containing an organic complexing
ligand (tert-butanol) and a polycarbonate, are appreciably more active than highly
active DMC catalysts known hitherto, containing an organic complexing ligand
(tert-butanol) and -a polyether (of comparable molecular weight to that of the
polycarbonate used in the catalysts according to the invention). The preparation of
polyetherpolyols with the novel catalysts according to the invention is therefore

possible in markedly shortened total reaction times.



Exampl e 10 shows that, by virtue of their markedly increased activity in

t he preparation of pol iet her pol yols, the novel DMC catal ysts according to
the invention 25 & used in such small concentrations that it is
possi ble to dispense with separation of the catalyst fromthe polyol. Le
A 32 756 - 19 - Conparative Exanple 11 Prepar%i on of pol yetherpolyol with

535 o P vecnorpel vl o nomser (ng kogy: | INEIIABIA
content (mol es/ k@laim$ 1.04 10 A conparison between Exdnplte 10 and-

Conpar ative Exanple 11 shows that the novel DMC catal ysts according to the
I nvention, containing an organic conplexing ligand (tert-butanol) and a

pol ycarbonate, arg apprgsisadih¥ta aﬁid%({bil\)fq ga)%ép{;%%ﬁt ive DMC catal ysts

known hitherto, containing an ordanic conpl e tert-butanol) and
[err] polyether (of conparable nolecular weight to that of the 15

pol ycarbonate used in the catal ﬁsts according to the invention). The
preparation of pol yet hédpol yolosbigmefak gyanidg gempewdal yst s according to the
invention is therefore possible in markedly shortened total reaction timnes.
Le A 32 756

and

b) an organic complexing ligand,
10
characterized in that they contain 2 to 80 wt.% of a polycarbonate, based on

the amount of finished catalyst.

2. DMC catalysts according to Claim 1, characterized in that the double metal

15 _ cyanide compound is zinc hexacyanocobaltate(III).

3. DMC catalysts according to Claim 1, characterized in that the organic

complexing ligand is tert-butanol.

20 - 4. DMC catalysts according to Claims 1 to 3, characterized in that they contain
5 to 50 wt.% of polycarbonate.

5. DMC catalysts according to Claims 1 to 4, characterized in that they contain
aliphatic polycarbonates having hydroxyl end groups and average molecular

25 weights below 12,000, as determined by measurement of the OH number,
which are obtainable by reacting polyfunctional aliphatic hydroxyl

compounds with diaryl carbonate, dialkyl carbonate, dioxolanones,

phosgene, bischlorocarbonic acid esters or urea.

30 6. DMC catalysts according to Claims 1 to 5, characterized in that they contain

aliphatic polycarbonate-diols with average molecular weights of 400 to 6000,



-20 -~ Cains 1. Doubl e netal cyanide (DMC) catal ysts conprising: 5
a) a doubl e netal cyanide conpound and b) an organi c conpl exi ng

| i'gand, 10 charac i n that they contain 2 to 80 wt. % qf
pol ycar bonat e, based on the anobunt of finished catalyst. 21‘!}“%"'““"”””“‘
catal ysts according to Claim1l, characterized.in that the doubl & netar 15 *
cyani de conpound is zinc hexacyanocobal t at e(l Ill‘). 3. DMC cat al ysts

according to Claim 1, characterized in that the organic conplexing |igand
is tert-butanol. 20  asidetermiibddhby ateaturementafdbe OiFhgumberChwdiiaisart dbtaiible by

characterized in that they contain 5 tg 50 wt.%.of pol ycarbonagte. 5. DMC
cat al ysts according toreGFé?ﬁrsmP"(lﬁmﬁl, ‘E‘Hﬁr a8t r 12674 F?F%Pﬂaat?’ t‘ﬁélgy'co?ﬂr%ﬁ%te’
al i phati c pol ycar bonat i Vi nmol ecul ar
25 ner ht s b R i Ao AL IS AE S BN TE. T The G
nunber, which are obtainable by reacting polyfunctional aliphatic hydroxyl

conpounds with diaryl carbonate, dialkyl carbonate, dioxolanones, phosgene,
bi schl or ocar Boni c7aci dAeptosess for therrrapargiion of the DM(bratalysts scqerdingaiocClath g

bol ycar bonat e~ 1 61 5w FRRURTERd HhHGBbEL A el gee oS A6t b b agtsous solugon
32 756 with metal cyanide salts in the presence of the organic complexing ligand
and the polycarbonate, and the catalyst obtained is isolate_d, washed and then
dried.
10
8. Use of the DMC catalyst according to Claim 1 for the preparation of
polyetherpolyols by the polyaddition of alkylene oxides onto starter

compounds containing active hydrogen atoms.



-21 - as determ ned by neasurenment of the OH nunber, which are obtainable
by reacting non-vicinal diols with diaryl carbonate, dialkyl carbonate,
di oxofFanones, th§gg§§75g|schlorocarbonlc acid esters or urea. 5 7.
A'process for thepreparation of the DMC catal ysts according to Caiml,
characterized in that netal salts in excess are reacted in aqueous sol ution
with metal cyanide salts in the presence of_ghne organic conplexing |igand
and the polycarbonate, and the catalyst obtained is isolated, washed and
then dried. 10 8. Us for.the
e e, Mmefal cyanid alys paration of polyether
preparation of poFyerherpo v ; t-the
starter conpound&zgﬂﬂ ai ni ng active hydrogen atons.

Abstract

The invention relates to novel, improved double metal cyanide (DMC) catalysts for
the preparation of polyetherpolyols by the polyaddition of alkylene oxides onto
starter compounds containing active hydrogen atoms, the catalyst containing a
double metal cyanide compound, an organic complexing ligarfd and 2 - 80 wt.% of a

polycarbonate, based on the amount of catalyst.

The novel, improved catalysts have markedly shortened induction times and

simultaneously a greatly increased activity in the preparation of polyetherpolyols.



