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HEXACYANOCOBAL H&TESScdivpriorcigmioun gneb/SPoNs, A PROCESS FOR THEIR jfeye
PREPARATI ON, AND THEI R USE IN A 5 PROCESS FOR THE PRODUCTI ON OF

POLYETHER POLYCOLS 1. BACKGROUND OF THE | NVENTI ON

The present invention relates to new zinc/ retal hexacyano-cobal tate conpl ex
conpounds whi ch can be used as catalysts to a process for their

production, andew ZINCImIE PRERUEY £00ROBRLYRYICT CONPP SUM e
novel zinc/nmeta AN0 SisF:

Doubl e et al 045}ﬁ wﬁcwaﬂ“fi;mfm- HEEIR, USE,

catal ysts §or tHROCESEAIGR THE PRODETTEON OF FBEYM‘EER%@LYMOUMS
cont ai ni ng active hydrogen atons. Such catalysts and processes for
produci ng pol yet her polyols fromthese catal ysts are as descri bed
in, for exanple, U S. PatentsBABKGRGUNDAOEOHE BNSEBITI0N, 3, 941, 849 and
5,158,922. |In particular, the use of these doubl e netal cyanide
conpl ex conpounds as catalysts for the production of pol yet her

pol yol s | eads tlheapresehiciniveniionf reldtes o opsov tdinsymeit! Moxashencedbeliate complex
pol yether s contegirbbys! #ith Rad bIoHbl & bagdss, 0 chbs%%fr@;{y?p@%du tfbn, and

conparison to he .conventi onal prqduction pol yet he yol s usi ng
al kali netal cde éhwr@ducga% 1pf 2pplyethes splyals fTomndbese Haygh glacdestal PReshoyano- US.

Patent 5, #y0, 83bange ddmflat eshpsunddS, 123 di scl ose inproved doubl e netal
cyani de conpl ex compounds that enable the proportion of nono-functional

pol y- ethers containing term nal double bonds to be reduced still
further in the pouble metal cyalidet (MO cquoilyre tcompopalsy ades kndwn tthebarangabie he

use of the inp cg‘}réggtsdl%? bhe Bgﬁ‘é@d&%gf of alkyféﬁ@ryx%s GOPLRX c?ﬁ?ﬁ?rﬂi@q% a?rgﬂges

the induction ti reaction O ene
oxi des to corr@Qb‘mdb’d’g}ng BIpIas. Smhp@@itn’d'gwamﬂ arapgsses for prcﬁ@rr@awbeth@é

C?g \6/1: ézt f aﬂ Ih \e”rptolﬁfolsr g'l\'/oem theseTla%a@% et 8f debigibed eﬁe%r | @Rt 0D 9. Sp4tents
(F:)orrpoundsijsvml chs %qggl §u|3t8§gﬁ¢9?,f grgnﬁégé #8431 58, % gﬂl ﬁa"gD‘gg) the n‘gﬁ"o%fe@S? or

the pol yaddi ti eiuble ﬁﬂe‘t@W@ﬁﬁd@thdﬂqﬁeﬁ @omQbuiRiS PaNdataysist furt e pduction of

ds, wh i b d dugt
pounds, wher el L igae SELs Yaks, 15V RuGARR. A R0 oKERHE S, HOLHE L
reduction of t lpelyeﬁubmtmrmmmg termingdedoubld ramds| doscalled arpnbolpy nvesingrsoony of
the process by t%?irﬁ%ﬁ%é}%ql g@%{t ﬁﬁ(&% é&lg&her polyols 9&11% 'aﬁ%ag%é&at Ofly 9! ek

production. A fur ent1on
as alkali metal hydroxides.

"“‘l—‘* IA.IVV '

U.S. Patent 5,470,813 and JP Patent 4,145,123 disclose improved double metal
cyanide complex compounds that enable the proportion of mono-functional poly-
ethers containing terminal double bonds to be reduced still further in the pro-
duction of polyether polyols. Furthermore, the use of the improved double metal
25 cyanide complex compounds reduces the induction time in the polyaddition
reaction of the alkylene oxides to corresponding starter compounds and also

increases the catalyst activity.

The object of the present invention is to provide further improved double metal
cyanide (DMC) complex compounds which are suitable for use as catalysts in a
30 process for the polyaddition of alkylene oxides to corresponding starter com-
pounds, wherein these catalysts have a considerably reduced induction period
compared to the previously known types of catalysts. A reduction of the induction
period results in an improved economy of the process by decreasing the cycle time

of the polyether polyol production. A further aim of the present invention is to



g fforelgn LANREES a nol ecul ar wei ght distribution as
possi ble in the ponether pol yol s which are produced. The
narrowest possible nol ecul ar wei ght distripution in the polyols
is of great advantage for their processing“into high-grade poly-
ur et hanes such as, for exanple, elastoners. 5
DESCRI PTI ON OF t, . new
Zi nc/ et al hexag#g‘(qéog%/guﬁbg\la molecqlar welgﬁpﬁrsB{bQﬁ%H as gcys?ge' &ﬂt}ﬁ)é;]%}éflyg%%r
sui t abl e cat al Pstyoiscwhicks5o nmdngedt dhe rﬁ@rrﬁwra&?mossible molecular weight distribution

Znferr]Merr][ m‘r@\'}ﬂoﬁfdﬁ 14 8f Tokeat WatlRide] £ theiF rﬂréé&sﬂf*ﬂ%ﬂt@%&ﬁrg,‘r&de poly-

[err][MY)[err]) erein:
represents a d §mﬁ$ﬁﬁlﬁﬁﬁﬁﬁpg@i &8y om t he group consisting

of cadmum (11), rrercury (rr), palladium((ll), platinum(Il), vana-
dium(11),. magnesium (I1), calgl i ﬁon(ll) ni ckel
(rn, gsanese(ll) cobal t strontium (11) and
copper (I 1), Th:bSpresent)ﬁnaranltxr)ﬂ prov1de};r aeWhamsfmﬂanheﬁc?imceh&ltmctoﬁqﬂbx
represents a hal, Suna‘grw}ﬁ YA D% Mle catalysts corres onc}mg to the formuld sulfate, a
carbonate, a cyan t fi ocyanat e, an |socy£na €, an

i sot hi ocyanate, a car boxyl ate, an oxalate or a nitrate group, L

represents an or ganizgg_%g%gﬁwggawﬁt gd)eg((Le)d }f[zgm)n} hg{wygup] éle)s

)

consi sting of al cohol ones, ‘et’hers, “esters, 20
ureas, nitriles and sulfides, % represents a nunber
fromO0.005 to 2@Q&ﬁy represents a number fron10.1

;O 10, 10 ] epr e(sen t < TSPIESEIS & c? ?rf,lgrﬁ etglo% nge %;dffrr ége %%outp consmtmg
represents a nunber fromod.cadniuto(I8), Gnercury (D), palladamd (1D, Plaﬁnum (HPHW n

are the sane or different;, lﬁpﬁ)é?&gg r(ﬁgeﬁ%ﬁlor%g%%%{:mﬁr 2hn gﬂ)dr%ckel

Particularly preferred are z exac | tate orre
t he above for (i), ananganese ﬁH) cobadplll), tinNfI), lead (II), strontmrreﬁﬂ)ag a
di val ent netal atom sel egygsfér fipm t he group consi sting

ST u?na?lml ;J {5 (1 ?{%gﬁfﬁ( ] )‘n(e tbéls%rﬁﬁm ?&fa}'ené%aé prﬁﬁgte%qr}ﬁltj%n a gmal_lrae’, o}/%rh?/_droxy,
a sulfate, a carbonate, a cyanate, a thiocyanate, an isocyanate, an
isothiocyanate, a carboxylate, an oxalate or a nitrate group,

L represents an organic complex ligand selected from the group
consisting of alcohols, aldehydes, ketones, ethers, esters, amides,
20 ureas, nitriles and sulfides,
v represents a number from 0.005 to 2.995,
W represents a number from 0.1 to 10,
X represents a number from 0.01 to 10,
y represents a number from 0.001 to 3.0,
25 z represents a number from 0.001 to 3.0,
and
m and n are the same or different, and each represents the number 1 or 2.
Particularly preferred are zinc/metal hexacyanocobaltates corresponding to the
above formula wherein:
30 M represents a divalent metal atom selected from the group consisting

of cadmium (II), mercury (II), palladium (II), platinum (If), vana-
dium (II), magnesium (II), calcium (I} and barium (1),
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-3 - MZ 21-Forel ssane or different, and each represents

a halide, preferably chl oride or brom de, L
represents an organic conplex |ligand sel ec ed from the group

consi sting of alcohols, ketones and ethers;7 " 5 and %
represents a nunber fromO 01 to 2.99, wthw X, y, z, mand n
bei ng defi ned e f r sui tahl.e
conpounds to b?ﬁgée) as %Fe gh%d% or( %i %ﬁf ?Dﬁ’e eac Fg‘{e&ént q{ahXe pre%erati)ly
conpounds which are capal@h’@ﬂdﬁ Ocibeqnaﬂe formati on with the rret als. Some 10

exanpl es of suijtabl e |1 gagdseatse a%lr}?g Foéomorgg}ba%gh% s%[é&%n‘f’r]ogﬂ &eﬁ%ggﬁnol :

but anol , hexanol, octanol, tert. acet
pr opi on- al dehyde Cowﬁyngaﬂ d’é%‘?@llé ketanes pd éihé@hyde gl yoxal ,
benzal dehysle, ts@hual dehyde, acetone, nethyl ethyl ketone,

3- pent anone, 2-pentanone, 2-hexanone, % 4- pent anedi one,

2, 5- hexane- di offe, 2, 4- he XSMEWRG R UG TREL AL 52 di%xan, trioxy- 15

met hyl ene, par a,{fidewhy;ie, z, an ehdhylbemishizfined aetbore fpefurane, (1).

bi s([err]-chl oroethyl) et her bi s([err]-ethoxyethyl)ether, dibutyl
ether, ethyl propyl ether, b| s([e - met hoxyet hyl ) - et her,

di met hoxyet handaftiujarky) SUItdIPIetChyllpe 5§ e atsecdiamiigands Levitle etheiberidgraeg those i -
et hyl ene gl ycoleofpBBAdYY hupfihiato dbiBté N KARbBREmal] Wzlth PPl NGtme

pol y- al ker e0Xx yols, formam de, ac pr opj on-am
but yram d& valSPmPE tl i”ﬁci@]ehgaﬂ Ay argy st WO};IC@S é’ro%ﬁ%’l fSGPFPé’E‘@(’}
ethyl formate, untdnekyheﬁaﬁémvdo@anoh tert. —butanolprfﬁﬂlydldé hydent ctabichyde, epldpitaat e,

T et e T bR BRI b, penell i, GRS
sul fide, dibut ydcefs’ubf integhyldiegrybpidtose)| Bipgetandigniipestanbingle 2-hexanone, 2,4-
1,1,38,3-tetra a?&i'ﬁlgea 2,5- hexaneatﬁ{ilnel %4‘?}16 axf gfoﬁ@etrmﬁlox , ?ﬁpﬁ%?ayié)xy—

Preferred zinc/met kXacyanocobal t ex compoun

pref er abl §2 cat amfgi%xlgr}e,umaldmbyqqndgehﬁopmersp ﬁf&pweﬂ@n%m@eﬁ@ramhfﬂaam a:
Zn[err]Merr]| @@s((sl‘én{oﬁyéth}zb@ﬁér] Md&l%ﬂk@) ethﬁL}ampyv(eZmQ [bed(BImethoxyethyl)-

z(MdJerr]) sentsa
nurmber from O. (5’6@& ggn?t%ge@ﬁne E‘Qwﬁ diethylene glyc"l W&&érﬁ@fa@rﬁﬂa ¥ir om
0.1 to 10, ethylene glycol dimethyl etkgr ebmpthexymetharee mdthydnpfdpQil ether,100ly-
and

alkyleneoxide polyols, formamide, acetamide, propion-amide, butyramide, valer-

20 amide, N,N'-dimethylacetamide, amyl formate, ethyl formate, n-hexyl formate, n-
propyl formate, ethyl ethanoate, methyl acetate, methyl propionate, triethylene
glycol diacetate, acetonitrile, propionitrile, butyronitrile, dimethyl sulfide, diethyl
sulfide, dibutyl sulfide, dipropyl sulfide, diamy! sulfide, 1,1,3,3-tetramethy! urea
and 1,1,3,3-tetraethyl urea.

25 Preferred zinc/metal hexacyanocobaltate complex compounds (which are
preferably catalysts) include those corresponding to the general formula:

Zng M_[Co(CN)¢l, - w(H,0) - x(L) - y(ZnCly) - z(MCl,) (In
wherein:
\ represents a number from 0.005 to 2.995
30 W represents a number from 0.1 to 10,
X represents a number from 0.01 to 10,

and
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-4 - g@g_nﬁ_i@1~Forexgn£gntrre§ sane or different, and each represents

a nunber of from 0.001 to 3.0, with Mand L
being defined as in forrmula (1) above. O these preferred conpl ex
conpounds, it is nost preferred that M X 4rid Y, L, 5 and mand n, are

sel ected such that the conpositions correspond to the general
formul a:

Xx(tert.-but anoly)a f(%gge{ er rc]% eg}{nl‘% %@%&r r rﬂl’% %:}3 Lepf%gﬂs a n]-lg\#qgr gf from

v represent s 0PMun3t, from 0. 005 to 2.995 10

represents a nunber fromO0.1 to 10, represents a
nunber from0.01 to 10 and z are the sane or
different, and 8#tM F@bké@@r&t@ﬁge%%ﬁ’eﬁ@ﬂ@maﬂ% ove. 0. 001
to 3.0. 15 The present invention also provides a process for the

preparation of ou cr.i bed zinc I
hexacyanocobal té’;t'{]gl gea %Vseg ‘}gmple" compouna-q‘égés Panale {Tﬁ‘ig %P%Mcffaﬁ@cgbéﬂ: tate
conpl ex cofpouradd mknm‘.lhn asre sslectedbdueh ftioat the composities @sresgindl 6Sthe @dheral

prepared by reacting 20 (1) alto 90% by
wei ght aqueous smilu%r on of (a) a zinc salt
corresponding to the formula zZn(X)[err], and

wherein: 25 ent” net al
atom selected from the group
consi sting of cadmiam (11), mercury (I1), palla-

di I | at I d | | i

(II :J)m (cal) ci 5ma(ll In;Jm f)arr) u?ﬁ\égs(régtlsIaufm"gb&ﬁ)ﬂ(omn?%ﬁi%‘%E'g})s (1),
manganeselq 1 1) ,wcobal t ( Ir¢gresehisra funiber floem@.1(tb11p, 30
strontium (1) and coppetefbdedss 2 number from 0.01 to 10,

(b) a metal sglt caofdReRPAY! %ng) t &a&e&.qrurgﬁgghyg%%%)s - Z(C4CLY (I

and
y and z are the same or different, and each represents a number of from
0.001 t0 3.0.
15 The present invention also provides a process for the preparation of the previously

described zinc/metal hexacyanocobaltate catalysts.

These zinc/metal hexacyanocobaltate complex compounds which are suitable for
use as catalysts are prepared by

A) reacting
20 (1) a1 to 90% by weight aqueous solution of
(@  a zinc salt corresponding to the formula Zn(X),,
and
(b)  a metal salt corresponding to the formula M(Y)_,
wherein: '

25 M represents a divalent metal atom selected from the
group consisting of cadmium (II), mercury (II), palla-
dium (II), platinum (II), vanadium (II), magnesium
(1D, calcium (II), barium (1T}, iron (II), nickel (1),
manganese (II), cobalt (II), tin (II), lead (II),

30 strontium (II) and copper (II),
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-5 - T A%} a2 -Foreigncoyntriey are the sane or different and
each represents a hal i de, or a hydroxy,
a sulfate, a carbonate, a 5. cyanate, a
t hi ocyanate, an isocyanate, an isothio-
cyanate, a carboxylate, an oxalate or a nitrate group, 5
and X BARA N are the Ahfiet BE cﬁﬁ‘&%nto ngj (Ilgcﬁr?é%treseﬁtgd each
represents the
with ~ (2 a 0.5 tohsdsbyr \ﬁeﬁlwoxaqwe@uﬁa@olamamr@te aa
cobal t (111)-cyanide 10 ianate a Stﬁ-JoE dn@fe! ea'ilp(?sfb@iriiﬁtet Oar NSothio-

r

formul a: a%%l)g%ﬁf)él tfr%r# 75‘&? te or a nitrate g g}QUp

wher ei n:
and 15 5 ani/ represents an alkali netal atomor an

al kal i ne earth netal .en At O i.n the
presence of organic corrpl e% (lil gandare *het Fe's SF rﬁjffgreﬁt,’ nd each TePTaRAET etil?l:

L represents an organi c conpl erutbefandr 8el ected fromthe group

consi sting of 20 Sth al cohol s, al dehydes, ketones, ethers, esters,
am des, ureas, nitriles sul fides; and V\/nerel n
the salts zn(X) [err]® n/(\?)?értp]SO%Wéf weisht eayeons polsfiemiofe sehalt(ITRreyanifie
conpl ex ligand L are presgtordrdypoaingicSths Usidldat : (i)  the nolar
rati o of zinc and netal MtocoBaIt(III)lszlto 10: 1. 25 (i)
the nolar ratio of zinc and netal Mto ligand L is 1:100 to 100: 1,

and (iii1) the nM'g[rCo(@Npé}r of z(INg salt Zn(X)[err] to netal salt
MY)[err] is 500:1 to 1.50 Particularly suitable cobalt (111)
cyani de salts corresponding to fornmula (1V) above are those salts
wherein M represents sodihgmin:potassium |ithiumor calcium and

r represenis 1 or 2,
and
15 M represents an alkali metal atom or an alkaline earth metal

atom,

in the presence of organic complex ligands of the formufa L,

wherein:
L represents an organic complex ligand selected from the group consisting of
20 alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles and
sulfides;

and wherein the salts Zn(X),, M(Y),, the cobalt (IIl} cyanide salt, and the
complex ligand L are present in amounts such that:

1) the molar ratio of zinc and metal M to cobalt (11T} is 2:1 to 10:1.
25 (iiy  the molar ratio of zinc and metal M to ligand L is 1:100 to 100:1,
and
(iii)  the molar ratio of zinc salt Zn(X), to metal salt M(Y),, is 500:1 to 1.500.

Particularly suitable cobalt (II) cyanide salts corresponding to formula (IV) above
are those salts wherein M' represents sodium, potassium, lithium or calcium, and

30 most preferably potassium.
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-6 - iﬁ—@ﬁ@éﬁ-—&é@g&@%ari ng these novel zinc/netal

hexacyano- cobal t at e conpl ex conmpounds, it is preferred to use a 5to
70% by wei ght concentrati on of aqueous 6 solution of the zinc salt
(Zn(X)[err]) and nmetal salt (MY)m in the“reaction. The aqueous

solution of the cobalt (11l) cyanide salts is preferably used in a con- 5

f h
g]?n';): 2;;?[1”8 . h%ne ;fe?e gspc/é’e?ynefg@ Eﬁ% these nOV%I fil’l&/l‘d&&l We%c?ﬁﬁ@goﬁa atre 5‘011?}{)95? €ss

i nc yanoco ounds
that the salts cempsyfdsr it]is pmfmdetor qnse g hdo J8kaby V(enghrt)coacgﬂaﬁaw gﬁmueous
and the conpl exghitigang Lhe %Erﬁ sﬂt‘lte ) Thin@ MRAL §al§ WUY ) f)a{tn the reac‘aon Tﬁé)
the molar ratio of zin racobalt 8: 1.

(ii) the nol aldpepus 5o ‘Oﬂ-i D wey ‘Fl%%bﬁ Erqf%rafiyweti on5®): Ci’ﬂ'
and 5 (i icb;)tmﬁoheymodoago% aylvmg)ﬁ. zinc salt zZn(X)[err] to netal salt
MY)mis in the range from300:1 to 1:300. In the

process of preparing the zinc/nmetal hexacyanocobaltate conpl ex conpounds 15
of the present It rin/@mfarmd ipried erocess ob ippepands thesebendsed! éagxadyencx:iobaitasal t
Zn(X)[err] N S, M n 0,

zinc brom de, ZI ng1 g n';%%ﬁ@ﬂﬁ?‘f}ﬂ?%@%{‘()% gﬂ@ﬁﬁ?@%@% §ﬁ9c§{a§mﬁa all

zi nc carbonate aﬁ?db@)&qfﬂéex hipand & preoprespat mzarmunfs such thatpj trate, zinc

sul fate, zinc benzoate, zinc carbonate, zinc citrate, zinc formate, zinc

t hi ocyanate, m xtures of varj o zi nc, sal e t| cul arl referred
conpounds 20 ) aréhezfnﬁ@r(’f?'ﬂoo? %C%mffahpﬁ’rﬁf?ﬁaﬁéﬂ)lszzs 10'8; referred

conpoundsig o bgiiysedhamoltratio sfadiic Mdvnkrl M td higdnbdd. 3r as@ss50f, prepari ng

t he conpositi ons of this invention include conpounds such as, for exanple,
cad- mu chloride, nercury chloride, palladiumchloride, platinum
chloride, vanadiilm the molar mtib ofi zieg sdbZe(Xyp tohmetal dalt MU iwhther fadge
bariumnitrate, cal gidimbs-om3 480025 cal ciumformate, calciumiodide,

cal cium oxal ate, cal ci um propi onate, cadm um acetate, cadm um

brom de, cadm um i odi de, cadm um sul fate, palladium acetate,

pal I adi um ni tragh Qhe PRYCE3d Iof p@é‘;ﬁhﬁg €ne ABE/BldfaY hﬂftdcyzﬂioeobamf&ﬁ%%lpﬂé‘ﬁ edthsdiinde,
manganese, hl or i iro ate

et at
chloride, 13ronof e prese Qdﬂ?"ﬁ‘é‘on’l 5 “ﬁ?ﬁf’a‘%a q%rt8¥e?$ﬁeg gh%tz@c S@@B%ﬂ(?()n
chl ori de, cobalitci Ma)mmtmundsahm:htassﬂwr examplegtiat ehloudb;amnc boehide , zimolvdi de,

.ni trate, cobal t nrﬁ:ugée%g zd?é %E%la&{t'{g Qéﬂedgm{:r a%hiebﬁﬂ&g&e zmc ﬂuond@' ﬁhg !

i odi de, nickel nitrate, ontl um oride
chl ori de, nitrate, zinc suifate zinc benzoate, zinc carbonate, zinc citrate, zmc ormatse zinc

thiocyanate, mixtures of various zinc salts, etc. Particularly preferred compounds
20 are zinc chloride and zinc bromide.

Preferred compounds to be used as metal salt M(Y),, in the process of preparing
the compositions of this invention include compounds such as, for example, cad-
mium chloride, mercury chloride, palladium chloride, platinum chloride, vanadium
chloride, calcium chloride, barium chloride, barium nitrate, calcium bromide,

25 calcium formate, calcium iodide, calcium oxalate, calcium propionate, cadmium
acetate, cadmium bromide, cadmium iodide, cadmium sulfate, palladium acetate,
palladium nitrate, mercury acetate, mercury nitrate, magnesium chloride,
manganese chloride, iron sulfate, iron acetate, irorn bromide, iron chloride, iron
iodide, iron nitrate, iron thiocyanate, cobalt chloride, cobalt bromide, cobalt

30 acetate, cobalt iodide, cobalt nitrate, cobalt sulfate, nickel chloride, nickel bromide,
nicke! iodide, nickel nitrate, nickel sulfate, strontium chloride, copper chloride,
lead chloride, mixtures of various metal salts, etc. More preferred metal salts are
the metal halides, with the chlorides and bromides being most preferred.



| ead chl ori de, n1K;ures of varlous netal salts, etc. Mire preferred netal

salts are 1 8 with the chlorides and broni des bei ng
nost preferred. Le A 32 421-Foreign Countries

-7 - Conmpounds whi ch are preferaply used as cobalt (111) cyanide
salts corresponding to (1V) above in the process of preparing the
catal ysts of the i nvent| on incl ude, for exanpl e, lithium

hexacyanocobal o, c |
taSS|ﬁn1hexacyg%% ob é{%?uﬁ %€% c%%ﬁ1 ggg%EEﬁgd%%hd%sgﬁyf??? onding
m xtures of 510 V)v@ow@usﬁ@dnamss ef pleparéngathe @étab'aﬂs@ thetnyentigt ias darﬁor

hexacyanocobal tea}@ple! |I1ltﬁtuﬂn3h@@5§dnbcobaltate (mf%afdna/ eh%& gﬁc{gggm%e (D, po

al cohol s, ketones. an et ers v\% [ﬂ_ g}p
sui tabl e tassiygn W%@PCP Haéh), éﬁléwm wepngrobaliste (D¢ W@XBJF%SC@gs of
preparing 3 he G@h&hsysdbah () cyanideCeulis,détfOPdt@ssiube héAr pbtabaltatt@d e id paands

may be used eit hg11 uaI ly or in 10 conbi nati on with one another.
The conpl ex corﬂi §P’tq ﬁg ‘particularly catalysts, of the invention are
prepared by m xi ng the two aqueous sol utions of the previously

descri bed net alTh%aa!go%Pﬁt kS éﬁxli ettfdrs YVHICP are §g£18§ed]h%relﬁﬁgvg ra? Bapglﬁhﬁfable

20[err] to 60[e accor sent 1Tnventi

aqueous sol uti @f C@MPteheh%ﬂé?r érfémamfmﬂmsnfé 15 ﬁletIS‘O@SQ x5 Eaequ]m&mt epsaingts
salts MY)[err ]‘1céo§d1ng to”tf% iRFen@dfl etnds 11 %aﬁdﬁﬂfdﬁ%sus%gl éﬂ@hbplfhd?\‘;ldﬁﬂ@/ 92@
(r1rr) cyani de sal L principle is also possible t dd the
aqueous cbbal t ¥ ’rn)auexf/%ﬁhd@esaéf”the’éol ution to t he aqueous sol ution

of the aforenentioned zinc salts and net aI salts. In t he process

of preparing tq% novel zinc/ te. co

Conpounds. (5. o Thed Rt BtaRoR, AR R er Hie v PR Ha rorecacy y
advant ageous Z(ﬁmxmg thé twbequagus aquemusofstbb mravmlyadescmhuienstah/mlty amif®dowi t h
one another. |lsof@ysdl sdterably 20° t@%o@vqﬁ'ta@&ﬁ@{ﬁ%etvﬁtkpﬂ'%s bl BMERYS fobal !

(rern) cyanlde sal YiAr ou
contai ni ng an A&6FPUF SAlUERE wéﬁ@@ﬂfoewmmd paf oples Be{X)g and “etal saifis XY o t h

the aqueoiss zi RgaySakt4idued 3tb ﬁx@' Equ‘é@xhwsbiﬁﬁen of the cobaltA{fIH?rcyEﬁﬁetéﬁﬁs aggeous
solutions are mxed t oget e nogglt zi nc/ et

hexacyanocobal PEREPIE Hf ocﬂﬂﬁ'ﬁ Gri0 205 thsr USRS FO gélf 2&95@’)"““6? Seit prletpR Lo out

of the tisohquiebansoldiion ¢frike efprdmdntidnabript edtscadpoasicalts t hen treated
with one or nore of the previously described conplex |igands L.
Qoviously, it is also possible to add the organic conplex ligand L to the
aqueous In the process of preparing the novel zinc/metal hexacyano-cobaltate complex

compounds (e.g., catalysts) of the present invention, it is particularly advantageous

20 if the two aqueous solutions are intensively mixed with one another. It may also
be advantageous to pass the aqueous cobalt {III} cyanide salt solution through an
ion exchange column containing an acid ion exchanger (H form) before being
mixed with the aquecus zinc salt/metal salt solution.

After the two aqueous solutions are mixed together, the novel zinc/metal

25 hexacyanocobaltate complex compound (preferably catalyst) precipitates out of the
solution. The precipitated complex compound is then treated with one or more of
the previously described complex ligands L.

Obviously, it is also possible to add the organic complex ligand L to the aqueous
solutions of the previously described metal salts. Another possibility is to add the
30 organic complex ligands to the suspension obtained after mixing the aqueous

solutions of the metal salts.



sol utions of the Rr evi ousl y. descr%bed metal salts. Another possibility is
4} 3 H

to add the 30 LeAdlgdd-Rorsigmliaumtiesgands to the suspensi on obtained after
m xi ng t he aqueous solutions of the netal salts. Le A 32
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The process for preparing these new zi nc/ irdtal hexacyano- cobal t at e
catalysts is in principle known, and is, for exanple, as described

in detail int i . t : 4
i nprove the ac?]i% \'/eiaér%egg? %g&@%l %ﬁsecrg)rvr‘g%hg se?a?)fh e’t%cza%)f %?sbgir%%tgic%@gggs_ 1tsgn
tion to be usedrisimakedwstand it for sxamplantsadpseribedtin detadain thhefaempaiongd

obt ai ned by prior akthi S process by, for exanple, filtration or
centrifugation,” in addition with water or with the previously
descri bed organic conplex ligands, optionally in the presence of

water. By treatlnngdéh® iMmeeas &@ ROWHBO 0N the( Cortpdy Séopdundé RE Shed preddi@tiiedn-

iml - sol ubl - t h far . | e,
pot asat um Ehi or e Hust s R, S iR ol sBe R qubing e BREBR: s
such by- producttBisqouteds agl-for exampleyBitsitiby oakémafughtien, polagdiddn twidnwaeaeti on
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catal ysts in the process of- producin é) S o
accordance wi t FPftwatefr By drrating enpriepared compound {(catglysig onphieer confheusichilas. g.

catal yst) whi chnhiag: begnwiteeaiifle WyldodRECiucANd/ &t dample, [RGisALA2M Gride,

conpl ex I%gands is then dri after ation, at t

d, optionall ul veri npe-
ratures of’20[ &#F]°4 56%@{14?91]“@ rery s Shiseandoplier ot Gy-prestiser pald ad-
pres_sgre §1013hmry) gffect_the po%yaédil’lﬁbiﬂeﬁaoﬁsmeﬁ‘talkgﬂerte:ﬁexilﬁése'gﬁ%rtémd@’lﬁpdngig_s _
provi des for t roduct i Qn et her, 0 s by .t po ition
of al kyl ene oxi egl f?'SSes"l‘rﬁrL{S% aﬁzgﬁﬁ%ﬁtﬁdg t%eoﬂﬁoﬁ?sﬁi(ﬁgprg&cmb 3%18‘95%?%@? dBen
atons, in the preydave with theifredsshieingattimhyst s wherein the catal ysts 20
conprise the novel zinc/nmetal hexacyano-cobaltate conpl ex conpounds as
descri bed herei nabove. Preferred al kyl ene oxides include conpounds such as,
f or ex sl @mpehgpEneingxicds, CaAl by WBikE hagibgen tisaed vete weser dad/oas
wlelkl als {n}xt ur age tc))rganic cortp1&f Bednds THeheh QIEi}?@,tégﬁi@an% ambﬁWdiga&@ﬂ af haigs by
al koxyl ati on may, be Li.e r.exanpl e, usi ng,.only .one
nononeri c epoxi%@fesﬁgt t?r398‘;£ &yl Wgsséqugé;aeldmg%rng mr@?%?ﬁe?f‘f%gﬁllf/ “bt?a?)
bl ock-wi se using two or three different nononeric epoxides. Furt her
details concernj r ] e . t
present invent i/(&)ﬁr.i[g%%rga% B?Jégﬁ%gtggé’?‘%ﬁ‘p‘ @ g%@)@%ﬁgﬁ@s E%ﬁf‘%g’%&é@{éi‘g%pSQSegieé der
i ndustriel | en @ebraleby tagoledditengfagjeylee okidas ta9Bpter Vompoyms, copfsining
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atons to be used in, (—:il )
0 comprise the novel zinc/metal hexacyano-cobaltate complex compounds as

described hereinabove. Preferred alkylene oxides include compounds such as, for
example, ethylene oxide, propylene oxide, butylene oxide, as well as mixtures
thereof. The formation of the polyether chains by alkoxylation may be carried out,
for example, by using only one monomeric epoxide, or it may also be effected
25 statistically or block-wise using two or three different monomeric epoxides.
Further details concerning the process of producing polyether polyols of the
present invention are disclosed in, for example, "Ullmanns Encyclopidie der
industriellen Chemie", English-language Edition, 1992, Vol. A21, pp. 670-671.

Suitable starter compounds containing active hydrogen atoms to be used in the
30 process of producing polyether polyols include, for example, those compounds
having molecular weights of 18 to 2,000 and containing 1 to 8 hydroxyl groups.
Some examples of suitable compounds include ethylene glycol, diethyl glycol, 1,2-

propyiene glycol, 1,4-butanediol, hexamethylene glycol, bisphenol A, trimethylol



30 process oprroduci ng pol yether polyols include, for exanple, those

conpounds Le A BAiZhef arespe Eobmirieswei ght s of 18 to 2,000 and containing |
to 8 hydroxyl groups. Sonme exanpl es of suitable conmpounds include
et hyl ene glycol, diethyl glycol, 1, 2- propyl ene gl ycol,

1, 4- but anedi ol , hexanet hyl ene gl ycol, bi sp?]énol A, trinethylol
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-9- propane, gl ycerol nt aervihritaol i
deconposed st APt ERupgrerol peac BRI Lorbitl bt R Ul Bpnos AL Ity
starter conpourts which contain active hydrogen atons have been

produced by, for exanple, conventional alkaline catalysis fromthe pre- 5
viously disclosed | ow nol ecul ar wei ght starter conmpounds, and represent
ol i go- Feis preserrasiahtheo sapieropriepasngs phiGho FRIREN Activie iiyAfogedfatamd t o
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preferably in the range from40[err] to 180[err]C, nore preferably at

tenperatures from 50[err] to 150[err]C. The reaction may be carried
out at nornal ﬁ‘rheswy@iddronaof plkglegeroaides to starter glonpords2@hishr cquigss aictive) .
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pol yaddi t{gn ofﬁr{a?%ngurﬁydf pye%;?g@o;t 0 suitable starter conpounds
are in the range froma m nuteS up to several days, and preferably
several hours. The nol ecul ar wei ghts (nunber average, determ ned

by end group armeygiasityodt édf@y@&o be usedliy elid procpsl iy aklectpd adtic enit e phig-
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conditions. Th1s quantity of catalyst is generally in the range of from 0.0005% by
weight to 1% by weight, preferably in the range from 0.001% by weight to 0.1%
20 by weight, based on the final amount of polyether polyol.

The reaction times for the polyaddition of the alkylene oxides to suitable starter
compounds are in the range from a few minutes up to several days, and preferably

several hours.

The molecular weights (number average, determined by end group analysis) of the

25 polyether polyols produced by the process according to the invention are in the
range from 500 to 100,000 g/mol, preferably in the range from 1,000 to
50,000 g/mol, more preferably in the range from 2,000 to 20,000 g/mol.

The polyaddition may be carried out either continuously, or in a batch or semi-

batch process.



50,00-0 g/ nol , r referably in the range from 2,000 to 20,000 g/ nol.
The pol yaddi ti M@Mei t her continuously, or in a batch or

sem - bat ch process. Le A 32 421-Foreign Countries

- 10 - The novel catalysts of theg,present invention generally
requi re an induction period whi ch ranges froma few mnutes up to
several hours. By substituting the novel catalysts of the present
i nvention for t [We) : : arigr. art
n'the. process o s At of the prsserk IRMAGER e yahite 3h A8} kol

i nducti on peri d¥hififangpeiremat foavominues WrlpckreByhasdut  30% I n

addition, the nolecular weight distribution Merr]/Merr] (determ ned by
MALDI - OF- M5, see U. Bahr, A  Deppe, M Karas,. F._Hillenkamp, U.
G essmann, Anal’é/rx subsfituting " fhe iy Ve&‘f@'ﬁ‘ﬁ@f‘sr QP%Z? P{eRgY 2yrvention s 6tho grsgvighely B,
Trat hni gg, B. Nemoan, DMC Sathlybtz of the prior aR.inRhe I§ratgey for the tisfuctiddbrof OBL .
Synp. 110,.(199 3%- 2 X t |.yether 10 lyols duced
usi ng the 5novelB i r@}yr?e (i}re ﬁgé%@g‘é’ﬁgs%g‘%a‘%/‘?é‘?"‘é{‘%‘étsaﬁe?/%%eg%Sfa%f’ﬂte%‘%-
present invention is about 1.01 to about 1.07. Accordingly, this is

consi der abl y Al : § Y] I { byt f the
pol yet her pol onInsadg/rit(i) G%@%ﬁ&iﬁ%&@@gﬁﬁﬁ?ﬁ%ﬂ%@% Rget%]xg%d m al ysts
as described i @& preel. dapr, AHpeppesM. Karas, F. Hellpskarop.dd edicssmanie Analy-
L olt ! _oYvi n? eX?ERio@BChemibﬁy 64t, r(]1T<,irﬁ),fs>.l istaeizs@%arml ﬁathfﬁ;ggg |Ee.'MéttiH, yst s&ﬁ;?zﬁ _
etails for ess is, i nventjon. ntjon, ichis
set forth in tﬁ%%g{@ég’r %Iﬂﬁt’s R éyln%pr}dp @89@egr ﬁﬁl“%ﬁ of the POY\J]Q?GF her
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under st an a a e 0 : Soll owir
procedures can BT Rmv\ég%dnugsée%ﬁ"bﬂl%$go 3§ er fv'\ét)’tseg‘?lcg? elﬁé,ly’amls tefpet H%s
are degrees Celngfrgwentiunghe npdeculapgreight distiitigesofehe pplyethenpelyels rsgduced ght .
EXAMPLES using HBIRLNSESIPREOR TN catalysts as describbIRR e PRoEXAMPLS i

demonstrated in the following examples.

15 The following examples further illustrate details for the process of this invention.
The invention, which is set forth in the foregoing disclosure, is not to be limited
either in spirit or scope by these examples. Those skilled in the art will readily
understand that known variations of the conditions of the following procedures can
be used. Unless otherwise noted, all temperatures are degrees Celsius and all per-

20 centages are percentages by weight.

EXAMPLES

Catalyst preparation:

Comparison Example 1:

Preparation of zinc hexacyanocobaltate (III) DMC catalyst with tert.-butanol as
25 organic complex ligand. (This catalyst is referred to as Catalyst A throughout the
examples; the synthesis process was as described in JP Patent 4,145,123))

A solution of 10 g (73.3 mmoles) of zinc chloride in 15 ml of distilled water was
added while stirring vigorously to a solution of 4 g (12 mmoles) of potassium
hexacyanocobaltate in 75 ml of distilled water. A mixture of 50 ml of tert.-butanol



Pr epa{r ation of zinc 2h4ez>_<lacya_nocobal tate (111) DMC catalyst with
reion

tert.-butanol - U lex ligand. (This catalyst is referred
to as Catal yst A throughout the exanpl es; the synthesis process was
as described in JP Patent 4,145, 123.) i A solution of 10 g (73.3
mol es) of zinc chloride in 15 nml of di stilled water was added

while stirring vigorously to a solution of 4 g (12 nmmol es) of potassium
hexacyanocobal €cd N1/ : di.still.ed: . bt W f.5

ort. Tbut anop it o50 it WigflpdSlyaleh il ARy ekl Wofif'o e Mheslagy,
m of distilledusmsngpnwens thenedktateeips dhiereatinedipry 19 gniohtesr dba solids were
suspension, angsdified Bl Hithforeen s8R $od 10 Bk Qrwikip 198 BItE S mikhGre 101th4S

wer e [ olated‘{)g. filfrati %t_hzn grtllfhrr?dfor 10 mnutes wth 125
m of a mixtur @UgRot gnq distitled water (YR vhY), afareilteter| Tagiselic modectorasotheyy v) |
and refil tired.wakhel f0ld flirfheodd edinyves withel25 bl of tertwbshgsl. fAfterafitirdtibhahe 10
mnutes with 125 of tert-b nol,. After filtratign. th : cat al yst
tns dried ar sorepel ResEehar LR B ackn Pt R R k. Gi e
of dried, pul véfieldesftdrrds phlysutenBcaddysy: 3.08 g El enentary anal ysi s:

cobalt = 13. 6%g1d0ent 1vsis: zinc = 27.35%
Exanpl e 2: en a@raé*éa’éltsi on of zinc/cadm um hexacyanocobaltate (111)

catal yst using tert.-butanol &8balt =13.6%grgani c conplex |igand and 0. 9% of
cadm um {ghis catal yst is rebLpgr-egy tgsas Cat al yst B t hroughout the
exanpl es) . 15 A solution of 9 g (66 mmles) of zinc chloride and 1. 34
g (7.3 mol es) of cad- mumchloride in 15 m of distilled water
was added whi | Examipte2:ng vigorously to a solution of 4 g (12

mol es) of potassi um hexacyanocobaltate in 75 nml of distilled

water. Immediately after this, a mxture of 50 ml of tert.-butanol and 50
m of dreductibe ¢f wncsadmiaien hekdeyhnotabaltyte (BT} ¢ntaly s swing dert.-wuamensi on

and the m xture, ?c %Qrggle%ci 1?%&?1@ Sl G.Q?ﬁ of Qﬁdrﬁ@n{nﬂiseéa%lyst. is referred] 0f a§0! 1 d

materi al was isofate ation, en stirre or 100mnutes with 125
m of a mixtur Eaalystdt troughouine essmpledsti| | ed water (70/30; v/v), and
refiltered. The solid material was then washed for 10 m nutes with

125 m of }St ert A 2&%8&? lof 9 g (66 mmoles) of zinc chloride and 1.34 g (7.3 mmoles) of cad-
mium chloride in 15 ml of distilled water was added while stirring vigorously to a
solution of 4 g (12 mmoles) of potassium hexacyanocobaltate in 75 ml of distilled
water. Immediately after this, a mixture of 50 ml of tert.-butanol and 50 ml of
distilled water was added slowly to the resultant suspension and the mixture was

20 then stirred for 10 minutes.

The solid material was isolated by filtration, then stirred for 10 minutes with 125
ml of a mixture of terf-butanol and distilled water (70/30; v/v), and refiltered.
The solid material was then washed for 10 minutes with 125 ml of tert.-butanol.
After filiration, the catalyst was dried at 50°C and normal pressure to constant
25 weight.
Yield of dried, pulverulent catalyst: 2.83 g
Elementary analysis:
cobalt = 11.8%;
zinc = 22.9%,;
30 cadmium, = 0.9%.



After filtration, the catalyst was dried at 50[err]C and normal pressure to
constant 25 Sgift21-Foreign Countrigs  of dried, pulverulent catalyst: 2.83

g El emrentary anal ysi s: cobalt= 11.8%
zinc = 22.9% 30 12cadm' um = 0. 9% Le A
32 421-Foreign Countries ToeT -
12 - Exanpl e 3: Production of zinc/cadm um
hexacyanocobal 5718 14.1 ) catalyst using tert.-butanol as organic
conpl ex |igand BF49% cadni um (This is referred to as Catalyst C

t hroughout the exanples.) 5 This catal yst was prepared using the

same procedur e pasgs8k, He Efn@/c@%ﬁ%& h&acyang?ob%ﬁété 5?%???&%‘(""%12% tt%lfgzu?#g?‘% ng

changes/ excepti ons; . tion ) .
chloride and 49088iq sompiey| ligand Andchd% cadmium. (s, is Hietsried o) # £8tajyst §F

distilled wat ethroBghcat dedexdhiples)stirring vigorously to a sol ution of
4 g (12 nmmol es) of potassi um hexacyanocobaltate in 75 m of distilled 10
wat er as descri bed previously. Yield of dried, pulverulent catalyst:
3.32 g 5 Hhereatbysy veasabsepared using the same procedure as set forth ebbal fir

16. 5% - . ' = 25.2% 15

cadm um = 7. 1%Example 2, Wlﬂi:’trhgcfa%?‘?’lg Cgl?‘r{%%@f/%? %élrs' pol yol s: Cener al
procedur e: 50 g of pol ypropylene glycol starter (having a nunber

aver age nol ecul i ; ; I (100
opm . based on tﬁﬁgol‘téﬁétngla? 7 g (51.3 nfhotds) 0808 l@iﬁbﬁd@%’d 31@ %?228%1%%& rég;é&ged)

al  anbunt o pol yet her pal yo| f
vere placed und8Hmachipridedas s wl s% diskided watepyas added whilq stigring yigespsly 9 & 500
n capacity presistioe of €3¢ (i matks) 6ApEEsshin heRcpiricbEbaaiel i@ 75 ml of distilled i Ng.
Propyl enelépxi de Qca.sd's % S th%? added in one lot until the pressure had
risen to 2.5 bar{d5s6P 8%@&6‘)&% Yt onal propyl ene oxide was only added
after an Yield of dried, pulverulent catalyst: 3.32 g
Elementary analysis:
cobalt = 16.5%;
zinc = 252%,
15 cadmium = 7.1%.

Production of polvether polyols:

General procedure;

50 g of polypropylene glycol starter (having a number average molecular weight
of 1,000 g/mol) and 20 mg of catalyst (100 ppm, based on the total amount of

20 polyether polyol to be produced) were placed under a protective blanket of gas
(i.e.,, argon) in a 500 ml capacity pressure reactor and heated to 105°C while
stirring. Propylene oxide {ca. 5 g) was then added in one lot until the pressure had
risen to 2.5 bar (absolute). Additional propylene oxide was only added after an
accelerated pressure drop was observed in the reactor. This accelerated pressure

25 drop indicated that the catalyst had been activated. The remaining propylene oxide
(145 g) was then continuously added at a constant pressure of 2.5 bar {(absolute).
After all the propylene oxide was added and after a 5 hour post-reaction time at
105°C, the volatile constituents were distilled off at 90°C (I mbar) and the
reaction products were then cooled to room temperature.



accel erated Prgsspr. was bserved in the reactor. This accel erated

pressure 25 St he catal yst had been activated. The
remai ni ng propyl ene oxi de (145 g) was then continuously added at a
constant pressure of 2.5 bar (absol ute) After all the propyl ene
oxi de was added and after a 5 hour post-regctl on time at 105[err] C,

the volatile constituents were distilled off at 90[err]C (1 nbar) and the
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The pol yet her P Jeitde bppd seranifetseweh #5 8¢ apmperatsyagremelscelag wekghtopnd

val ues, rﬁd)@;m@%xéht@ﬁﬁbxﬁib%% @xnmwlTtorsghe nunber average
mol ecul ar wei ghts and nol ecul ight distributions
Merr]/Merr] (MALDI - TOF- MB) . The induction periods were cal cul at ed

fromthe tinme- Gheusdistion peticdsewere palkplatednfeom She Lim@modﬁer@@ﬂ%um.ts (@ﬂp{/l@ﬂ!e

| otted agai ns a fr nt ersegction
gf Ot hg ta%gent tgg{d% %&ns@fl Mﬂret@ %m n% )ag?m h%eali}f SEJEV%PJH"‘EU%@W&
t he extended béersedtivs fothﬁ tangeulr atghe steepest pomCofrﬁ@rm:scmorEpeaanqm eude with

A pol yet her polt;yé)émg%@d%&q%ee&tﬁgg%gl ng to the general procedure as
descri bed 10 above using Catalyst A (100 ppm . The induction period for

this catal yst and the resul tant pol yet her polyol were characterized
as follows: CompatiBsiUE%dn@dle ger i od:

290 mn Pol yet her pol yol: OH i ndex (nmg KOH g) 28.5
Doubl e bond content (nmol es/ kg) 6 15 Merr]
3426 A polyether polyol was probfiexdrdctdddiprib the general procedure as described

3olt2he gelr?er al “pr oced%r Cata;s,ys’t & gOﬁ‘ﬁﬁg‘l)yT‘BQ‘?r[duB@&)’gérhés’fﬁoéQ Oduf@'gsf aﬁg?}ldl "

ppm) . The i ndu&gsulent peksedgr P@Ib’ok Wets chatagleized amfgliows 20 resul t ant

pol yet her pol y%du\égélgﬁg,{@{ acterized as fol | ows: | ndyegipp period:
240 mn er poly i ndex (ng KOH g) 28.0
Doubl e bond coﬁf’g' { RABPles) / &gjl) index & (7mg KOH/ § 28.5 Merr]
3426 25 Doubid/befid térvki (ffmoles/kg) 6
1.03 15 M, 3496

M /M, 1.12

Example 5.

A polyether polyol was produced according to the general procedure as described
above using Catalyst B (160 ppm). The induction period for this catalyst and the

20 resultant polyether polyol were characterized as follows:
Induction period: 240 min
Polyether polyol: OH index (mg KOH/g) 28.0
Double bond content (mmoles)kg): 7
M,,: 3426
25 M,,/M,: 1.03
Example 6:

A polyether polyol was produced according to the general procedure as described
above using Catalyst C {100 ppm). The induction period for this catalyst and the
resultant polyether polyol were characterized as follows:

30 Induction period: 195 min



Exam.:-)‘l e 6: . A pol yet her pol yol was produced according to the
gener al procedé#geﬁ‘e\}-@iﬁﬁs}:-é?—mrl ountnes gphove using -Catal yst C (100 ppm). The

i nduction period for this catalyst and the resul tant pol yet her

pol yol were characterized as follows: 30 I nducti on peri od:
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- 14 - Pol yet her pol yol : OH i ndex (ng KOH g) 29.3
Doubl e bond conri.ent s)/ : Merr]:
Doue PoBRhek FORGES) / IH index r({éf, KoHm), 293

1.06 5 A conparison of Elowplecdong canignignvneles)Bghpar i sch Exanpl e 4
clearly shows t hat theMnnducti on periods in the prodasghi on of

pol yet her pol yols using the zi nc/ metal hexacyanocobaltate (111)
catalysts of the present inveMidh were con- si der & | ower
conpared to when a conventional zinc hexacyanocobaltate (I11) DMC

catal yst was used. It also denonstrates that the nol ecul ar weight 10
di stributipns |y o, r :Cor di o) j ntion
vere NS B CERB R BRI ¥0uR BIRGH ERAARRA SkRGL 4 LA, S
produced usi ng te@anit@ninduction pefibdnan the nprobiectiany ah qobleter apstydlh | hsindke
cat al ysts. i Al t hough the i nyention has been described in detail in
the foregoi ng fFHIc/mefal hexacyanogohalaiea(lH} catalygis platheopresqnt ipeentign (yere con-

under st ood t hatg; C%Pa%rrg’ A 2&% i J:onﬁ&:%f; k& loheh c&xﬁ%ﬁﬁ Al Z{%EH%@?&%O?%%BE%@ a(tIII)

variations can b erern those skilled 1n

departing fromDME spialyst wad wedpét afso demonwestes ahaexicepholasuliat wejghbe

limted b}/ . .the cl igﬂs. Le A 32 421-_Foreign_Countries

- 15 - 0 distributions of the polyether polyols produced according to the invention were
substantially narrower than in the corresponding polyols produced using conven-

tional zinc hexacyanocobaltate (IIT) DMC catalysts.

Although the invention has been described in detail in the foregoing for the
purpose of illustration, it is to be understood that such detail is solely for that
15 purpose and that variations can be made therein by those skilled in the art without
departing from the spirit and scope of the invention except as it may be limited by

the claims.



VHAT S CLAIMED | S: 1. A zinc/nmetal hexacyanocobal tate conpl ex

conpound cor r esigoAdizg2 -Boreiga Countries formul a:
Zn[err]l\/[err][Co(CI\l)[err]][err] WHerr]O x(L) [err][Zn(X)[err] ]
z[MY)[err]], wher ei n:

represents a dlvalent metal atom selected1§r0n1 t he group
consisting of cadmum (I1), nercury (rr), palladium(Il),
platinum(I1), WAL iIr&LA » nesium (11), calcium ffﬁ
barium (I1), ir 1), manganese (I|1), cobe
tin (1), lead (I11), strontlun1(ll) and copper (I1);
are the sane or different, and each represents a halide, or a

hydroxy, sulfate, cakb@hal 6 ¥%@0PdrBecotialthie COLATPRRE corh RRGY AdfleShonding to the

i sot hi ocyanate, carboxyl ate, oxalate or a nitrate group, L
represents an organﬂéﬂwdnplex | i gand sel ected from the 15

group consisting of alcohols, al dehydes, ketones,

ethers, esters, am des, ureas, nitrites or sulfi des %
represents a nunber fr 99

represents a nunber fr%’rhmg @@@]22 EHZO) x(L) - Y[an(X)n} VVDVI(Y)m)’represents
a nunber fromO0.01 to 10, represents a nunber
fromO0.001 to 3.0, z represents a nunber from
0.001 to 340, wherein: and m and n are the sane
or different, and each represents the nunber |

or 2. 25 2. MThe conpaghredcais 9fditdiaitMndtal \WRK SeRctel NrbAr {Rel grouip)

consisting of cadmium (II), mercury (II), palladium (II),
platinum (II), vanadium (II), magnesium (I}, calcium (II),
barium (II), iron (II), nickel (I}, manganese (II), cobalt {(II),
10 tin (1), lead (I1), strontium (11} and copper (1I);
Xand Y are the same or different, and each represents a halide, or a
hydroxy, sulfate, carbonate, cyanate, thiocyanate, isocyanate,

isothiocyanate, carboxylate, oxalate or a nitrate group,

L represents an organic complex ligand selected from the

15 group consisting of alcohols, aldehydes, ketones,

ethers, esters, amides, ureas, nitriles or sulfides,

v represents a number from 0.005 to 2.995,
w represents a number from 0.1 to 10,
X represents & number from 0.01 to 10,
20 y represents a number from 0.601 to 3.0,
z represents a number from 0.001 to 3.0,
and
m and n are the same or different, and each represents the number 1
or 2.

25 2. The composition of Claim 1, wherein, in formula (I),



Le A 32 421-Forei gn Countries

- 46 - Le A 32 42]-ForeighlCountries represents a divalent netal atom
selected from the group consisting of cadmnm (I11), mercury (I11),
palladium (I1), platinum(ll), vanadium _ (I11), magnesium (Il1), calcium
(1) and Barium (11); 5
X and Y are the sane or different, and each represents a hali de;
L represents an organi c_conplex i d selected,f t he
group consi stl ng of ﬁ‘\gl cohol s, g??é?sc‘?ﬂtés éfﬁ‘&%f‘é‘{rfgﬁ?tgl afdfh Seleted ‘oM the groUBnd
¥h - esent S a numé&'isxﬁhg%ioc%nﬁlﬁz 21 9mercury (I, ?Qlladmm?’(ﬂ)

e Cpim ifferen

% Iumal m 2, wherein are the same of
hl ori de @}atibumnﬁ&e .vanadzum (ID, magnesivtn (II), Thleium (II)
corrp05|t|on of Cfaim 1, wherein and I} and mand n are sel ected
such that the conposition cor PASBEHHE MY the formt a:
(Z|”|[ jerr] Meegr] [ColONL ghd M [ ©F ble nt/6EhE b lifberdil Aot ek GEAL ) ANE] L7 71)

represents a nunber if rom 0. 005&;&&%&9% organic complex 11gand selebted from the
represents a nunber fromO0.1 to 10,

represents a nunber from 0.01 Ot@pmnsmtmg of alcchols, ketones andath:brs, 20
y and z are the sane or different, and each represents a nunber of
fromo0.001 to 3.0. and
v represents a number from 0.01 to 2.99.
10 3. The composition of Claim 2, wherein X and Y are the same or different

and each represents chloride or bromide.

4, The composition of Claim 1, wherein X and Y, and m and n are selected

such that the composition corresponds to the formula:

Znz M [Co(CN)c]y - w(H,0) - x(L) - y(ZnCl,) - z(MCl,) (I

15 wherein:
v represents a number from 0.005 to 2.995
W represents a number from 0.1 to 10,
X represents a number from 0.01 to 10,
and
20 y and z are the same or different, and each represents a number of
from 0.001 to 3.0. -
5. The composition of Claim 1, wherein M, X and Y, L, and m and n, are

selected such that the compositions correspond to the general formula:



5. " The conposition of Claim 1, wherein M X and Y, L, and mand n, are

sel ected such tﬁ@&%ﬁfﬂt&ﬁ&@ﬂl&&&correspond to the general f ormul a:
Le A 32 421-Foreign Countries
- 17 - Zn[err]Cd[err][Co(CN)[err]]{err] WHerr]O
X(tert.-butanol) y(zZnC[err]) z(CdC [err]) (1 1) wher ei n:
% represents a nunber fromO 005 to 2.995 w
represents a n er f 1 resents
a ﬁurrber from B (%gtNS)GJ ?HZB) X(teﬁ apnol) - Y(Znélz) Z(Cd%)ar{aﬁ P
are the sane or dlfferent and each represents a nunber of
from0.001 to 3.0. 6. A process for the production of the
zi nc/ met al hexacyanqgphal,tate conplex 10 conpounds of Cdaiml1,
conpri sing _ A) reacting (1) alto 90% by
wei ght aqueous sol uty on of represents a number from 0.00810 2.985 Zi nc sal t
corresponding to the forrmula zZn(X)[err], ' and 15~ - -
(b) a netal salt af the formﬁra;eﬁ&‘é)r[\mﬂfe} from 0.1 to 10, il 3t
X, Y, mand n are as defined in Cdaiml; ”EEE@H” I”B”Em”,
(2) a 0.5 to 50% by wei ght sepueseuts asmﬂmherﬁmm@Oht@dwﬁ,alt (111y cyartidé s
and
y and z are the same or different, and each represents a number of
from 0.001 to 3.0.
6. A process for the production of the zinc/metal hexacyanocobaltate complex
10 compounds of Claim 1, comprising -

A) reacting
(1) a1l to90% by weight agueous solution of

(a)  a zinc salt corresponding to the formula Za(X),,

and

15 (b)  a metal salt of the formula M(Y)_,,
wherein:
X, Y, mand n are as defined in Claim 1;

with
(2) a 05 to 50% by weight aqueous solution of a cobalt (I} cyanide

20 salt corresponding to the formula

M'3[Co(CN)g],
wherein:
r represents the number § or 2,
and |

25 M’ represents an alkali metal or an alkaline earth metal,



20 salt corresponding to the formula
M[err][ CO CN) err]],[q 1. , . wherein:. ..
r represen ,

M represents an alkali nmetal or an alkaline earth rre} i
in the presence of organic conplex |igandsgof the fornulls : '
defined as in Caim |; wherein the salts %n(X)[err] and” I\/(V)[err] t he
cobal t (I'11) cyanide salt, and the conplex ligand L are
present in such amounihg presence of organic ctohﬁﬂew ligand{ bd the foPBuMTL &ith BlolehgOf
zinc and nmetal Mto cobalt (Il1) is 2:1t 05 i) Tthe
mol ar ratio of zi ncdefingdnast & CMiMol,Lth‘em meosatts) le()E)nland M(‘l)m the cobalt and

(tii) the nolar ra i nc,, salt . Zn ery t,0. net al mis, 500:1
‘o bt i 3B Compte ibepgict 350 Bl e
wherein M represengyg:-sodi um potassium |ithium or cal cium
8. The process of Qaim 6, wherein the salts Zn(X)[err] and MY)[err],
t he cobalt(ll1) cyanide salt, and the conplex ligand L are
present in such anounts that:

5 © the molar ratio of zinc and metal M to cobalt (III) is 2:1 to 10:1,

(i)  the molar ratio of zinc and metal M to L is 1:100 to 100:1,
and

(iii)  the molar ratio of zinc salt Zn(X), to metal salt M(Y)_, is 500:1 to
1:500.

10 7. The process of Claim 6, wherein M' represents sodium, potassium, lithium

or calcium.

8. The process of Claim 6, wherein the salts Zn(X), and M(Y), the
cobalt(Ill) cyanide salt, and the complex ligand L are present in such
amounts that:

15 ® the molar ratio of zinc and metal M to cobalt (IIT) is 2.25:1 to 8:1,

(i)  the molar ratio of zinc and metal M to L is 1:50 to 50:1,

and
(i)  the molar ratio of zinc salt Zn(X), to metal salt M(Y),, is 300:1 to
1:300.
20 9. The process of Claim 6, wherein the zinc salt Zn(X), is selected from the

group consisting of zinc chioride and zinc bromide.
10.  The process of Claim 6, wherein the metal salt M(Y),, is selected from the
group consisting of the metal chlorides and the metal bromides.

1.  The process of Claim 6, wherein the cobalt (III) cyanide salt is potassium

hexacyanocobaltate (I1I).



15 (i) the nolar ratio of zinc and nmetal Mto cobalt (II1) i
2.25:1 to 8:1, Le A 32 421-Foreign Cpustlies t he nol ar ratio of zinc and metal

Mt
I(;fI ii ﬁ;SSaf? g(r)l:ol(j[err] to netal sglnij MY)lerr] is 308I I1I %[@E@E]ﬂlgﬁmlﬁlﬁm

S
o
. IO

1: 300. 20 9. The process of Cairnr6, wherein the z2ine salts s »
Zn(X)[err] is selected fromthe group consisting of zinc
chloride and zipc br.oni de. 0. The ,process of O aim erein
Che et al “oal ¢ 1A v) s PIoSs e fhecprpistiop gl poiventir $55% Syl BBpoltlien " or
the metal chloridesqppdidafieoditahertbédPoleS containing active IldrogthQutdthoeesise Of
Caim6, wherein the cobalt (I11) cyanide salt is potassium

hexacyanocobal t at e ptes¢nce of a catalyst, that comprises the zinc/metal hexacyanocobajtate 12,
A process for the production of polygt.her polyols conprising al koxylation
of at |east one staF‘f’%ﬁ%&ﬁ‘BSﬁ‘ffﬁ@@gﬁﬁ%{'ng active hydrogen atons in the
presence of a catalyst, that conprises the zinc/nmetal hexacyanocobaltate
conpl ex conpounds of Caim 1.



