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- CYANI DE CATALYSTS FOR PREPARI NG POLYETHER POLYOLS 111 TTTTTTTT1T TECHN CAL
FI ELD OF THE I NVENTION The invention is directed to a doubl e-netal cyanide

("DMC') catal yst for preparing a polyether polyol by the polyaddition of an

al kyl ene OXI de 3 to a starter conpound containing active hydrogen atons.

BACKGROUND Mo | NVENTI ON DMC cat al ysts for the pol yaddition

oxi des on t hedy 3bHd7-UBnpouNB&I¢ont ai ni ng active hydrogen atonmmmmmmwmm

See, for exanple, United States Patent Nos. 3,404,109, 3,829,505, 3,241, 849

and 15 5, 158, 922. The u 0 YS he preparation of
pol yet he, é pol yol s reduc%i’? > ’Efaéz;% E poly

t erm nalY doubl e bonds, E ING PRLYE ari soﬁm &““ﬂl m“ ”“l
preparation of polyether polyols with aI kal i cat al st s, such

met al hydroxi des. Pol yetlEeHp E T dION al ysi s can*¥¥%ised

to_process 20 hi ghchabiioh 28 4e haes %bieeg%taoﬁbygrfﬁ?, S} Ea8Rebls

coatings). DMC catadl s are usua ous

sol ution of f& m@paﬂmgsalpblyethér pmlyomywsolsahditmof ah atkylgricdxideyans de sal t
in the Presence of an organic conplexing ligand, e.g., an ether. In a

t ypi cal a @mrf&mm%¢%alﬂmg %ﬁiwe&yér@&nmtpmss of zinc chloride (in
excess) and potassi um 25 Bﬁ&ﬁé‘dﬂ e %Féﬁ-& N\?Ef\rl‘ﬂ(@ﬁ to forma di spersion.

D net hoxyet hane (gl yne) iS tihren adoed to tne drspersron. After filtering
and washi ng the d]Mﬁ&ratalystsmnthetdemldumw atlylene exides oo to staneact i ve

catal yst of the eral fqrmul a n 2 ~ ZnCl H20 ~ z glyne
30 i s obtai 80P Bas cpptaining Aefve Eif é‘@ é#r%r P@@P@ncgsy
di scl ose DN@rﬁt%H%té%ssPéf’t’@hFNoé's:%é&ﬁbQ%BQQ%bSaﬁ 914*?%)4@@@' ¢ conpl exing

l'igand (by itself or in conmbinatio in the preparation of
pol yet h#d pd, 1/5:8 922.0Thaushef thesd RMCG d:aialystsémmelp‘fepmatlencotbpolgatheof

m)no-function ol yeth svmth rmn | e P 4145123; U. S.
50490, 815 RGeS B oafub s S Binctonal ouianen wid! teipiat

Addi ti onal | ﬁoubﬂﬁbéﬁc% ﬂ'fe é&@ﬁl?edjﬁ'ﬁbrﬁ"@b%" Yiﬁtcén’fp%ﬁ%ﬁ% fl"iéeprbﬁgmﬁbh@)'ﬁ tine in
t he pol yaddi ti on reacti on of al kyl ene oxides with 5 correspondl ng starter

conpounds. mwtb@tptﬁmls withyalicaliscatalysts esiuntsas aials metaldydrexidgscoxyl at i on

ci fectivo. Adai t Foioingt SRFRsHoR Rt B EblsR ARIR TS ERESOH vt o can

be used2pn IHyh QQQHI?prly@ﬁ'étﬁaﬁeé bhg Pé183BMdre F6ams ramidl diatings). Edmensi ve
process of renoving catalysts from pol yether polyols no 10 | onger

necessary. SolAIHY aFusHRly dhjeiRed Oy w@lm@aqueﬂuawwf@wm glwalition is
to provide %v% 2 g@uﬁom& Bf;é’ﬂ#éiélggagldggamﬁ% RRENEL oPéf;P]t he

pol yaddi ti on yl ene oxIi rter c npound
cat al yst of drhaniproesgixingligamd, @y.has etherr émadyhical DMC catalyst

preparation, aqueous solutions of zinc chloride (in excess) and potassium

25 hexacyanocobaltate are mixed to form a dispersion. Dimethoxyethane
(glyme) is then added to the dispersion. After filtering and washing the
dispersion with the aqueous glyme solution, an active catalyst of the general
formula
Zn3[Co(CN)l2 - xZnClz+  yH,O - zglyme

30 is obtained. See, for example, EP 700 949.

The following references disclose DMC catalysts which use tert-
butanol as the organic complexing ligand (by itself or in combination with a
polyether) in the preparation of polyether polyols to further reduce the



15 catal yst activity conpared to known DMC catal ysts. The object of the
present invegtA 88 413-.ggconpl i shed by proypding a DMC catal yst conprising:
a) at | east one DVMC compound; b) at | east one organic conplexing |igand
which is not a polyether, polyester, polycarbonate, polyal kylene gl ycol

sorbitan ester o} yal kyl ene col .al ycidyl ether, qglycidyl, K ether,

ol yeosi de, sen@gfagj P 9%@10@%555%?*%# whﬁiwpﬁ?gé%b;%ﬁwqusyr i odext rin,
phosphor us 2 54 TOUSER : r ni c
sur f act ant gg;%mg;'sglsﬂat 'l east ?Gr’g gg%e?ﬁgrq%énd d)1321?81 aergsyvcéne

pol yester, ¢ itionaliv) thelusglaf thesg PG catalysisireduess the, pol yal kyl ene

I | gl ycidy]| ... , i dyl | ' i id est f
ol yhyari o yitienBhRffe indd bolyaonibl PearBr S e SRR NG 3 Unsat ur ac e
carboxyl 5 etrdsporiding Stariep BbmpduhiS.C Catdlystaendtslso wpreasef tBy . the
pol yet her c) and pol yester, polycarbonate, polyal kylene glycol  sorbitan
est gr : lppl yéhfa;keeln? Quiatiogitimasdjhe Iéltqfi@SS,r) PREPRENG lp@tyleﬁrex_nglmsi dﬁ,
car boxylic | 0 ri . . - Rhosphor us
conpound, - a oSttt B, oG, qus R RASHESL do Iy o

conpound d) ,.DM@ycatalystsicanl be usdEiniew concastratione (25 ppABdriegs ) makihgonpl exi ng
conponents" or separately as "the conpl exi ng conponent”. DETAI LED
DESCRI PTI ON teg-expensivg/prgresnof rameying satalysis framgiolyaiberp@y@iio nvent i on can

opti onakhy | ter, preferably in an anbunt from1l to 10 w.%
Al so, tb\g Dﬁ%t%%;gs?s of the present invention can optionally conprise

one or nore water-sol ubl e nBUMMA&Y OF DHEfIBIVENTION an anount from5 to 25
sei t and a wat or O Ohied ofdfa prespih uenton B S toriser. QuiAavatel 1o sait
Formil a (1) NEBER B BR Aol g Yol saRer of o ikyier P ORBBER B2 X (1),
Mi(11), Co(ldtartersionhpgundPblhe PMG-eétalyis) of thie(presentimerition has(inerepsed/( V) ,
Fe(11), Teo 19aNSKAoRKEpmbarado kbl BV Catalvits S oe@attbecnt .

preferably igasshGabent@dnds aBcampihedIR/ SrolRithd & OMb@atdhast copising: des,
sul f at es, carbonates, cyanates, thiocyanates, i1socyanates, i1sothiocyanates,

25 car boxyl ad)al least anetldd Caanmpounda b St least one o1ganie somplexing kgansk sui t abl e

ohlori de. 21 ECBIEhpCEbYtRF. dtivedte! PoNREREERe Bl PKFEN NG Denzoate.
zi nc ni trat esorbitamekler, sollakyenei dlystl Giycidy etiareglycidgnéine), giptsyidsle,

20 carboxylic acid ester of polyhydric alcohol, cyclodextrin, phosphorus

compound, a,B-unsaturated carboxylic acid ester or ionic surfactant

compound; c) at least one polyether; and d) at least one polyester,

polycarbonate, polyalkylene glycol sorbitan ester, polyalkylene glycol

glycidyl ether, glycidyl ether, glycoside, carboxylic acid ester of polyhydric
25 alcohol, cyclodextrin, phosphorus compound, a,p-unsaturated

carboxylic acid ester or ionic surfactant compound;

Hereinafter, the polyether ¢) and polyester, polycarbonate,
polyalkylene glycol sorbitan ester, polyalkylene glycol glycidy! ether,
glycidyl ether, glycoside, carboxylic acid ester of polyhydric alcohol,

30 cyclodextrin, phosphorus compound, a,B-unsaturated carboxylic acid

ester or ionic surfactant compound d), may be jointly referred to as "the



LeA35417-US -4 cobalt(11) chloride cobalt(ll) thiocyanate, nickel (Il)

chl ori de, nLglﬁ@é§ [4I1)7 @$t rate and m xt ureS3t hereof. A water-sol uble netal
0

cyani de sal r the preparation of the DMC conpound a) is
represented by the formula (11) 5 (Y)aI\/I~(CN)b(A)c (I'1) wherein M is

| ected f Fe(l Co( Il Co Cr(lll M( I I
Sl\‘/ﬁ(?ﬁ )e | F%’é”mp% Wii?qm?én%}%%??ﬁ%e Fe%}ﬁ'lyﬁ}su %WC%‘H‘&/( (10 %CO(I |()))
Co(111), Fegbmbon&s!!1), C(II1), Ir(lIl) and Ni (11) are preferred) and

the water-solu Ie net al cyanl de salt can conprise one or nore of these
metals; each Y is idd AHLER DESCREPEIGN ¢ HEr B\ NiTNtlcaI and is 15

chosen fromthe |st|n = tal ions,. al kallne earth
motal ions; Al ﬁfﬁ&iﬂv‘? a%?tsa?#feepr&ﬁ?n b SEPL Bl Bl o
chosen fg orrwmﬁ frFerabidh @A slpsuntidrhat©s10 W% ORdb the DME &ital§sts20

t hi ocyanates, i socyanat es, isothiocyanates, car boxy'l ates, oxal ates and

nitrates: aefithe presemidnyention Gamanjionslly owmnnw]@ne@rmematerasolbblend c being
chosen so t t V. ide salt is 25 achieved
(a is pref e?’gér}?géaitg é'%?%géth harﬁé rﬁ)t IZWS or 6; and c preferably
has the val ue 0) Thexamig aﬁnpéunwa)eueﬂs@reddtnanmmct@)f/arwater-s@lbbls useful in
the present invention are potassium hexacyanocobaltate(lll), pot assi um 30

Eex acyanof eimeteksalt and pyaterssalublasnetal cyaside salt oA water-selubleinetal
exacyag@“’%@ é%@k{%ﬁlé Lfér)thé[pge%r%ggﬂg g?r @?ﬁﬂl‘f&?ﬁg&%& Bi]@(régﬂe)sented 35417-US

-5 A preferre I nventi o npound
represent ed thy farheild gynul a (111) I\/k[MX~(CN)v]Z(I I 1)

M(Xn (1)

15 wherein

M is selected from Zn(ll), Fe(ll), Ni(ll), Mn(ll), Co(ll), Sn(ll},

Pb(il), Fe(lll), Mo(IV), Mo(VI), Al(I1), V(V), V(IV), Sr(il), W(IV),

W(VI), Cu(ll) and Cr(lll), (preferably, Zn(ll), Fe(ll}), Co(ll) and
20 Ni(ll));

each X is identical or different, preferably identical, and an
anion, selected from halides, hydroxides, sulfates, carbonates,
cyanates, thiocyanates, isocyanates, isothiocyanates,

25 carboxylates, oxalates and nitrates; and

nis1,2or3.
Examples of suitable water-soluble metal salts useful in the present

30 invention are zinc chloride, zinc bromide, zinc acetate, zinc acetylacetonate,
zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(ll) bromide, iron(il) chloride,



5 wherein Mis as defined in fornula (1); M is as defined in formula (11);

.and 10 x, X[ e &3gqqizzugre integers and arg.chosen such that
y O

el ectroneuttall e DMC conpound exists. Preferably,
x=3, x' =1, y=6andz=2'; 15 M= Zn(Il), Fe(ll), Co(ll) or Ni(Il); and M =

ssetul 1« reblioride Sosblhiacboate: ARE B st btRal e T e

hexacyanoi r pghskiutds thefddtc 20 hexacyanoferrate(ll1) and cobal t(I1l)
hexacyanocobaltate(l11). Further exanples of suitable DMC conpounds a) are
found in United Stwatesselublenmetad cyanide salh saitalite fer thepaeparaticnbhitheat e(111)

is the preferred DMC ¢ ound useful.,in the esent invention. Organic
conpl exi ng ﬁ"@gﬁBE‘P&}’"agf%T‘ewﬁs?ﬁ%" Byré}éeeﬁmlﬁ[ﬂ/@ﬁti on are 25 known and
describegl in the follow ng references: U S. 5,158,922, U S. 3,404,109, U.S.
3,829,505, U S 3,941,849, EP 700 949, EP 761 708, JP 4145123, U.S.

5,470, 813, EP 743 093 and (WO08HCNBES: O gani c (dbnpl exi ng i gands useful in

t he present V@y&nti on are water-sol uble organi c conpounds with heteroatons,
such as oxygen, nitrogen, phosphorus or 30 sul fur, which can form conpl exes

with the DMC conpoundM)s seletted3fot Fells, F6(IIH)ICowh), Cofilyatni(k), Or(iw), exi ng
| i gands useful in the i i hydes, ket ones,

resent invention are al cohqals, alde
ethers, esters, ani deé\ﬁ,}n(m,é\é@(ﬂl)nlr(IH),MQI)' Rl BudlDaMEVaeRe ¥ t her eof .

Preferr organi c co Ny i I tic al cohol s,
such as%éit hanol , i sogggggh’og?u%g%ﬂghggﬁllmﬁg gﬂ!'!?éﬁm@%% ut anol or
tert-butanol. Tert - butpasferredyanditie watemssblubbe afetal cydnidélsaltaapani ¢

conplexing ligand b) is added either d%ébgg%l'g‘%falgrepar ation of the DMC

catal yst or directly SPIMANSEIRNERTIDPL @ ‘he DMC conpound a). The

organi c conplexing ligand b) is usually used in excess. The DMC conmpound a)
is present in amount from about 20 to about 10 90 wt.% preferably 25 to 80
W . % based on the totegichWeisgtienticial ohdifferant,qareterghly ideriticaloapdiis ¢ conpl exi ng

| i gand is present in an ampunt from abaut O. . abouyt 30 . %
oroferaby 1 to 25 w DoSEatE B ol eBrdiindo kA ot ot yst . The
DMC cat al yst accor di ngqlflinkR@rthivef iops; pref erably conprises from about 1
to about 80 wt.% preferably 1 to 40 15 w.% based on the total weight of
the DMC catal yst, of a mxture of the conpl exing conponents c) and d).

A is identical or different, preferably identical, and is chosen
from halides, hydroxides, sulfates, carbonates, cyanates,

20 thiocyanates, isocyanates, isothiocyanates, carboxylates,
oxalates and nitrates; and

a, b and c are integers, with the values for a, b and ¢ being
chosen so that electroneutrality of the metal cyanide salt is

25 achieved (a is preferably 1, 2, 3 or 4; b is preferably 4, 5 or 6;
and c preferably has the value 0).

Examples of water-soluble metal cyanide salts useful in the present
invention are potassium hexacyanocobaltate(lll), potassium
30 hexacyanoferrate(ll), potassium hexacyanoferrate(lll), calcium
hexacyanocobaltate(lll) and lithium hexacyanocobaltate(lll).



Pol yethers c) suitable for use in the present invention are known and are
descri bed g h§5h?‘7|d’§“ ng references: EP5 700 949, EP 761 708 and WD

971 40086. Flf-ehera'b'l—y—pol yether polyols Wth hydroxy functionalities of 1
to 8, 20 preferably 1 to 3, and having nunber average nol ecul ar wei ghts

bet ween 150 and 10' pref er abwé_nbet ween 200 and 5 ~ 104, are used in the
present inventi off. prqi%r JPhEL PR3 AcREiNg o Hlﬁ'avmtwm?% ng- openi ng

pol ymeri zat ce of starter conpounds

cont ai ni ng g@? 8unf%ﬁ§géér¥ggt X?rgé Eﬁﬁ‘g‘ﬂﬁggj; c, acid or co-ordinative
catalysis 25 (e.g., DMC catal ysis). Exanples of suitable polyether polyols
useful in the present invention . pol.y(oxypropyl e pol yol s)

pol y(oxyet hyl ene) pol yol s, EG cab@é@f@amxypropyl eﬂ& pol yol s,

EQ' PO pad yol s, butyl ene oxide polymers, butylene oxide copolyners wth

et hyl ene oxi de and/ or propyl ene oxi de and 30 pol y(oxytetranet hyl ene)

gl ycol s. Pompesgiers suitable for use in the present invention are |inear
and partially branched pol yesters having hydroxyl term nal groups and

havi ng LeA35417-US -7 average mol ecul ar wei ghts bel ow 10, 000. Such

pol yesters are descri bR d9\déiricdan foraiafl),Appl i cation No. 197 45 120.9.
Preferably, polyesters having average nol ecul ar wei ghts of 400 to 6000 and
OH val ues of 28 to 30M' igyaxdefiredinifermaad!ls@ndabl e for the preparation of

pol yurefhanes are 5 u t] s of preferred
pol yestie(?s are pol yet %&k%ﬁ%&@g%ﬁr@% C&ﬁg?ﬁ%ﬁ%%ne gl ycol

adi pate), poly(di propglesienelirality oftheDME) cdmpaaitbexivist h

trimet hyl ol propane, pol y(diethyl ene gl ycol adipate), poly(tetranethylene

gl ycol adi pate) and pol y(2-nethyl-1, 3-propyl ene glutarate). 10

Pol ycar bona % fuI in the pr esent invention are aliphatic polycarbonates
cont ai ni ng hydroxyi’ term nal groups and havi ng average nol ecul ar wei ghts
bel ow 12, 000. Such polxyccarybmatyes&anel ZeXribed in German Patent

Appllcatlon No. 197 57 574.9. Pr rahly, .aliphatic polycarbonate diols
W th avé’?age nmol ecul arMWledH) {e&lf) &@3&%%800§£e 15 used in the present

i nvention. Preferred |y ¢ ol y(hexane-1, 6-di ol)
car bonat es, pol y(di et ml e?g(lgf m c@?@Sﬁgﬁ@g, pol y(di propyl ene gl ycol)

carbonates, poly(triethylene gl ycoI ) carbonates,

pol y(1, 4-bi shydr nmet hyl c e ar bonat es but ane: 1, 4-di ol )
carbonates and p ’%/é(‘ﬂ l?%?ﬁ%{} a@i}ééwmoﬂ'&q%ﬁmﬁe@ ﬁ?%‘isﬂt kyl ene gl ycol
sorbitan eStu‘i\Fe‘huBﬁ%fré'hldcméxaéyéﬂd%%%&atb(m)eQHC%)@&%MIW&EOMPQW\% gl ycol
sorbitan esters (pol ysorbate)” which are descri bed Ger man Pat ent

Appl i ca2Don hesacyanatgrate(lllFang eobali(eneexgicyanocabaltaie(lih Forber, di - and

et hyt one. owiieriee SFaiRplTYRTednbRyid SR Ituf TyRA seiesgent™ o

Pol yal kyl eneNgll5/¢58,922 y ZirdHexathaictobakatellll) i8 thé prefeesg¢ MMCnvention are
nono- and diglycidyl ethers of pol ypropyl ene glycols and polyethyl ene

gl ycol s whi an@é&,ﬁﬂi e the presentiayet®nent Application No. 198 34 573.9.

Gyei gyl ethers QhamROTRRbE IBBAITEY Léorith b BloskRflohtish 48 monomer

units) aliphatic, or I C nono- etra- or
pol yf un@bi orlmbw:ui arahddscribed irs thd falldbwinhaefansmcasn W.Be 51583828, U.8vent i on.

ol yf unct i o OhBnIkS oo SPeEREI U-S chotrhE48 RERBR o4seckas T Mool -
decanol , dodp®A98, U.S. 5,470,813, EP 743 093 and WO 97/40086. Organic
complexing ligands useful in the present invention are water-soluble organic
compounds with heteroatoms, such as oxygen, nitrogen, phosphorus or
30  sulfur, which can form complexes with the DMC compound a).



t et radecanol , ethane diol) propane-1,2-diol, propane-1,3-diol, butane-1,4

.diol, 2, 2 dlLrereé I@glﬂr?oggne 1, 3-diol, propage- 1,2,3-tri oI hexane 1, 6-di oI 5

1,1, 1-tr )ethane, 1,1,1-tris(hyd roxyrrethyl)propane
t et r aki s( hydr oxymet hyl ) met hane, sor bi toI pol yet hyl ene gl ycol and

pol ypr opyl ene egcoI re prefera resent inventjion. Mno-,
di-, tri-, tetra- L&tﬁ‘aep‘?fg?ﬁp 'BQE M@qtﬁldgtrﬁ%ﬁrqsﬁntWé‘ebti'%ent

nvention. BSEREABISY ald¥R)Aes Meidichl ety losRirbSiicRt, Bebefiriediexancl.

octanol, 10 decano andl, tetradecan ane
but ane- 1, 4- dutfidesand roixtyres ﬂmreqiyl%eﬁergddymgbnnrcqnmlgmngygm gteycol ,
ticularl th d t t
et in the et SelBR iBRate AR sy o, haRel. Sob rseh 4 pUaBEt oned by

react i ng5montanddi sec-lBlﬁtbnol (irfteﬁ-%hfa%d OTeﬁiﬂL&’édﬁqfébé’rﬂé‘Lﬂaﬁ* pRitElr&dW th
epi chl orohydrin in the presence of Lew s acids such or exanple, tin

tetrachl ori de or Tﬂt&@ganmlddnu(demg ligand by B@ﬂd@d(ﬁlﬂ‘igr duing thieydri ns fol | owed

b ety S0 B O BRALS St e ARG e
Kirk- Qhﬁer,cdﬁmﬁd%ewr%& Hakid xﬂ BHE,USMQFI usbd ihtdkdeds., 1994, p.

739 et seq. a | mann, Encycl opedi a o ndustri al em stry, Vol. A9) 5th
Ed., Wi nhe| m New heoPMC .cm;lpourpd a%szpre@r}tdn amoust ﬁ@ﬁbabméfZ@ItOfG@pUbr eparing

cgteaIDl)\/Et i b i ];rlog:fsrgg
catal yst0 1 Ak SrebEbbaS TRl ibrAsctla By B ReBFERL e

(hydrol yzed)cdt@lygn THe drgbhie cﬁin)m@angﬁgamﬂ bylsqfred;entm bR enioLef &om i nventi on
are conpounds conposed of carbohydrates %grs and non-su rs (agl ycones)

i n whi ch t heakeyt Peteeatiaut Be oot Bref‘?féblb’u1lilo wt- 2. bgsed endhg dtal at om by way
of a gl ycos'\%@hpmﬂe‘fﬂl?l@ At %%@MCQ:&R%@QP égcohﬁlﬁ%?‘cpt@m&“m at e.

Sui t abl e sugar “conponents are nnnosaccharl S SucC ucose, gal actose,
mannose, fr preferablya:oatprlses &onxzbagd tarabout BO %, prbfa‘kawjﬂtous) 9

disacch rides su ose and lto i go- and ysacchari des
such as §t ar‘ﬁfhé %ﬁ??‘iBPgh @a'%@gﬂr}% mﬁpet%% A Py I?ﬂfrt @ar bon

radi cal s suc I aIkyI radi cal s, preferably aral kyl s
and al kyl CorAsleRing! comptndhts/é)Sarf @),

Polyethers c) suitable for use in the present invention are known and
are described in the following references: EP 700 949, EP 761 708 and WO
97/40086. Preferably, polyether polyols with hydroxy functionalities of 1 to 8,

20 preferably 1 to 3, and having nhumber average molecular weights between
150 and 107, preferably between 200 and 5 - 10%, are used in the present
invention. The polyether polyols may be obtained by ring-opening
polymerization of an epoxide in the presence of starter compounds
containing active hydrogen atoms under basic, acid or co-ordinative catalysis

25 (e.g., DMC catalysis).

Examples of suitable polyether polyols useful in the present invention
are poly(oxypropylene)polyols, poly(oxyethylene)polyols, EO-capped
poly(oxypropylene)polyols, EO/PO-polyols, butylene oxide polymers,
butylene oxide copolymers with ethylene oxide and/or propylene oxide and

30 poly(oxytetramethylene) glycols.

Polyesters suitable for use in the present invention are linear and

partially branched polyesters having hydroxyl terminal groups and having



5 radicals, nore preferably, alkyl radicals having 1 to 30 carbon atons.

Preferred g! ggpg;giqe -yseful in the preseng_invention are alkyl

pol ygl ycosi e usual ly obtained by reacting carbohydrates with
al cohol s such as nethanol, ethanol, propanol and butanol or by

t t al t f t- | kyl i d jth fatt | cohol
e s TR A B kAL 50 BBl e b BP0, g
are al kyl pg G@l’dﬁﬁﬁ?éiéﬁtﬁ(\bélfbaﬂblﬂlwel%%f! 20 e FErafdras Bbg/e'sferéhe chain

wi th al kyl chain I engths to C16 and average degr pol ymeri zati on

from1 to 2hayingsavesage molmtéerawelg@ts;of;%tm@@m angé}i-éwalue,s afi2Bde and 15

descri bed i irks Chem chnol Vol. 4, 4th
e 190, o0 shg KMERRNicaS SuRBERRr e BRAL Ry gt ol itelihes fo

St ut t gars / Neged @i the gReent oS %xaﬁ%ﬂesﬁﬂﬁﬁé@@ﬁé&?o@b@%r@é 80, p.
1394-1412 (1998). Suitable carboxylic acid esters o ol yhydri c al cohol s

useful in tﬁ@'y‘f@thwleé@@iycmmﬂtﬂbrPO&f(dleﬂM@?%gbfﬁokﬂd@a@)car boxylic acid

ol ccul e BN RraRIGHELEafS AR Brafiesty uferRimoRfe) s g o™ P

di et hyl ene @bmokth)ﬂemeegly;ableatﬁpgﬂeydely(telramenwieheZglscColradibateglamder ol),
but ane-1, 3-diol, butanel,4-d iol, butane triol, hexane-1, 6-diol,

1,1, 1-tri netpﬁiM(81@?W¥he3 RFOP)/[P“?EQWWWEQ ‘hyl ol propane, pentaeryt hri tol,
boh d bi
car bohygpat es (S%éqrbaﬁﬁeﬁlﬂ%@fuéi ﬁfg‘ﬁﬁégﬁfﬁbeﬁﬁoﬁﬁ@ atllpm afid'd Sor i tan.

Sui t abl e sugars rnt 1on i nclhude nosacchari des
such as gl ucpxm@&:arlg:aiaies«zsatalmagmamxyf teunﬂnzﬂ@rowsabnmhaemgmgma@e and

ri bose, disaccharjdes ch e.a nd ol -
pol ysacchar MB@EcYgE ieights Psﬁaﬁ%@% S caPanatis o Ebd8H u i n the
present inv n%hﬁgf‘en%g RBXY@ %76532'4%* Pf‘ff@ Ca¥aéli56hat|é”al kyl and

al kyl car boxyl 1 ¢ aci era Y, ara and a 'boxyl'i c acids, nore
preferably, mjlyqdrbma'demm@vlﬁnamrage lmnleculér we@mssof 4Q0to 6000 ass acetic

acid, b gyrlc isovaleric. .aci ap b caprylic acid, capric
2o 4. 41 eediin the pRese vebiiah BrefitacpdliboaeBaipl At & of ef o aci d,
i nol ei c aC'di)Mﬂ@xéhé‘-Q'@ﬂldP) %bdnat@éefpﬁw éi@t%r@?%bi) cé?bcﬂ'neﬁéé ers of

pol yhydri c al cohol s usef ul present invention are esters of

propane- 1, 2 pply(dirzsopylgng@dy‘:@l))carbouat@sxmlwﬁmtyvlenprgimi)ecaqb@na@er ythritol,

oo, o L BB R SR e bt gl

i nventi on argarbongtes aiid-pol (ltrrpropylehetglﬁm)t@rrbo@étesropane 1, 2 3 10 triol
(glyceral), pentaerythritol and sorbitan with CZ-Cl18 al kyl carboxylic acids.

The met Rd for prike¥aikuigne iyl sorbitanceslerssisafd inthe preaentinventiPBohol s or
gener a1y koo RRbY doch SbibigR 2t bR SR e e et rbed o cal
Technol ogy, iNdberntan BatenEApplidMth 196 42BB2<3. BolyettiRdempglycoksdrbitatheni e,
Crer st . VoPHOl, o1 st of gy <t ungs Bl oafEnlofis abt2et Ut i n
the present AG‘nﬁ{}%é Qf‘eﬁ?\zfen'é bid HFe?’é'ra%Rl édﬂQﬁétdré%ﬁﬁ%ﬁt% esters,

al kyl ethers oxya thers, al koxyc onyl al Kyl ethers and
car boxy&5yl et helPoldquylemel glsaeolcgﬂquod lethars tusefid imthe present inxention
Cycl odextrins useful _in the

ent i.nvention are | o clohepta- and
ool ooct a. argTeUDENand g e ETS o REERLORMp0E SRl 41t Byt
glycols which are described in German Patent Application No. 198 34

573.9.
Glycidyl ethers of monomeric or polymeric (with at least two
30 monomer units) aliphatic, aromatic or araliphatic mono-, di-, tri-, tetra- or
polyfunctional alcohols are suitable for use in the present invention.



25 1i nkages whi ch are produced during the degradation of starch by Bacillus

maceran or g(‘A élﬁ-%ﬁ7CU§CU| ans under the aétti on of cyclodextrin glycosyl

transferase exanpl e, ,~3-, y- or 8-cyclodextrin. Carboxylic
acids suitable for the cycl odextrin esters are aryl-, aralkyl-, and

al kyl carboxylic acids with 2 to 30 carbon atons, preferabl 2 30 to 24
carbon atoms, nor8egiserfytigyl ethers ofgnerepgh. '&'rotl%"a QFQPB/%(W ‘Qnabr al kyl -

and al ky| Ca%?@%‘é(tk}uﬁcé‘ﬁc?lg%ulcﬂ‘?{seotﬂéﬁ&ehé{‘éﬁ’ ?ﬁélcééf?@%&%(]b Sd&ric Kyl Le A

35 417-US - Itable a Ohents 1
et hers, hydtetrgdddanbl, eitlhmesdloalprowmntﬂadwll qubpbn@ﬂtﬁadml andaneribbxyal kyl

0 24" car bofl o GARIRIUPIGREREr Lo Arapsct o Goh eane T 8-Set or rod
cycl odexgri s @ftﬁs@\wro‘sﬁlméiﬁﬁ)etﬁaﬁé( | Qdﬁfﬂs& YHroxet ?Fbedar@ - and

triethers, nbno- triesters and nonoest ersi di rs of a-, ~3and
y-cycl odext rtetr@lgs(\mydmxym@hylypettmlnleysomtal rp@ﬂ/elﬂyylemmgIMCDI andi on of a-,

~i and ~y-cycl odextrins al k lat | such r e

di et hyl - <. PRRPERPYREE alepl affpieidebheiER the Bt invsiion; fecn as,
for 10 exanpietri-MRitfatland ;ﬁil%‘thers @rre‘)ﬂ){ﬂable gk in tEPladent ifveniibn. heptyl
octyl chl ori de, brom de and 1odi de and/or esterification with acetic acids

and succi ni ¢ aci d¥efarablyemeones endiglysidi eitirrs abibtitansl diexaneti agjanaldext r i ns

ot nyl - 1. ¢ JBeBRER BRltAN el BB Gol Bt ate ol AR ot and e 1,

butyl - a- CW'p@ﬂS@fbbYlene@Wcﬂ orpo nﬂimglyca, pbmcmlarby wWilte Hegresrafn,
2, 6-di et hyl - a- odextrin, -dineth ~-cycl odextrin,

2, 6di net hyI g@lwpemzﬁ@mf Ato tOQQ moepngﬁr-umtsC?@ wsrdinrthg present

2, 6-di butyI %/rﬁlogldextrl n, 2,3,6-trinethyl-a-cyclodextrin,

2,3, 6- trlnethy cyclodextrln 2,3,6-trinmethyl-y- cyclodextrln

gg g trioctyl - | a- nyﬂlcfsdgmersrare 2yp3cﬁ+ytasbtame¢lbymea2fﬁn@ymn§1;led‘t [trin,

, -triacet -a-cyclodextrin triacet odextrin

2,3, 6- trﬁacé?E}P 9t e@ﬂ%@maha{cof(ois Withrepish lerr%wy §'nén {fgﬁtp@a@;a@wﬁ
hyd

é r%/ r oxy) prL%WTL, acldsSUch Ofsg%f &thmpbie; i %tﬁé&%ﬂeﬁé’d’?ﬂ@%nqyﬁu&%fd n,

ial or conplete acet ted or 'succin - or cyclodextrln
2, 6-di net hyIdbrmsebpdmg&Mqr@hgdms falloweddy dehydrohalogenation with bases
26d|butyl -acetyl - ~i clodextrin. 25 A nmethod for preparing

cycl odext ri rf 9 58 ‘?Jﬁ 359% Xid€&cri bed in Rompp Lexi kon Chem e, 10th Ed.

Stuttgart/New York rddifdd fér pr%ﬁénﬁg gRRUyRBEhFE G ERdralfpkhoWR 9 ( 1998) 1743,

Phosphor us conpounds suitable for use i'n the présent 1nvention are organic

phosphat28s, g¢sasssipad ﬂret,&lr_k;@tbmo kacs/opedie b Iﬁhﬁnﬂlé@/ TexhnstegypMahaB.es and

PospHL N1t ety kerdad $4€ dfSoa, 3o A SBRBURIET B ARRL e o oo 11
nono-, di- tChemfstry, ¥ol.3%% t5th E0f WeinteihiNeh ofork, ¥887 p. 86@. nono-, di -

tri-, tetra- and ‘B‘Ol yesters of pol yphosphoric acid and al cohol haV| ng lto
30 atons. 5 O ganPVy Rare use B?rmrepﬁrlmgm@ep@weﬁ@taimmm are nono-,

di- or tries r‘é%é Sl ﬁ&ﬁ@fﬂ\%&%?ﬁgpﬂt @Wﬂe?ﬂn%ﬁéﬂ'ﬁé‘%an%h%?orﬁpaﬁar bon

at ons. Orga es "sul or use I n resen Invention are
nmono- or25di e@ﬂganallwmsmosmhbeloheauwlly mbﬁﬁnbm(bthbw:ned)&:md aryl phosphoni c

yanoal kyl - phosprottabIa GNEoSERS Symebldh s RSReEt AVBaNSr atbno- . di -, tri-
or tetraest egsmpburdd¥diibBEas BNeAibBh§Gites (sugars) and non-sugars
(aglycones) in which the aglycone is bound to the full acetal by an oxygen
atom by way of a glycosidic bond with a hemiacetal C atom of the
30 carbohydrate.
Suitable sugar components are monosaccharides such as a

glucose, galactose, mannose, fructose, arabinose, xylose and ribose,



and al cohol having 1 to 30 carbon atons. Phosphonites suitable for use in
the presenty jnv uenare diesters of phasphonous acid and aryl phosphonous
acid and aILé SEAVHVE 1to 15 30 carboﬁfatons. Q her phosphi nat es
suitable for use in the present invention are esters of phosphinic acid,

al kyl phosphi.ni c acid, dial kyl phosphinic acid and aryl phosphinic acid and

al cohol havijﬁ@c‘ihi"@eﬁosl@i‘r?%ﬁqu§$r§ndf§f‘?|ff¢seo?%fal'$ﬂr inites suitable for
use in the i i esters of al kyl phosphi nous aci d,
dialkyIphosBQ@%@%@“%@%%Q%E@Qggﬁﬁgﬁgsphinous acid and al cohol having 1 to 30
carbon atons. Al Saitable nesudarn conmpenente aenC,iCyy drytranarbore radicals or

| yhydri |-, aralkyl-. al | kyl - and_al kyl hol ing 1 to 30
Car bon-at ongudhas egrigertts fnd Bl editals drstarebiraigRant Ay 1 1o 20
car bon a8 0Mpadicdis Finfe ittbianiatkyf Yadica HeWKP) /B0 BRbbribieths 8l conol s are

used in the present invention.” More p or use int pr esent
i nvention are al Rosfgalekhdlycosides usefubindba pirgsertinpantion@re ikt es,

h hi t h t . ph honi t . ph hi nat h hi.pi t

st ul i n t REVEMEOSRESSRERAPS Hoany o Ba et ol 2oty RRgeR Ul | ng

phosphori ¢ afdhol PHICHES FEIREHG] éﬁbﬁol,@%ﬁé}iﬂ%ﬁh%ﬂt@n@l@r%y phosphoni ¢ acid,
honi ¢ aci al koxycar bonyl al kyl phosphoni c

al kyl phosphoni ¢ acid, aryl h%ip _ , al / ]

aﬁlo d, hgu kgxy@iasa@mhmmwfmh -_daalﬂ,ailkyl gbffxgsmgs-m faity algehais, % hawngos oo
gci Zp pms pﬁﬁﬁsgﬁgﬁﬁgﬁggﬁﬁﬁ%&&%% ,O?Sﬁ)cgscg¢1ﬁﬁ®ﬁggg%ﬁﬁe§rérg’r"f‘g&ﬂal ggen
derivative iposjgfostieshhis Blieoes s@xthe eepéathgruriyitrthschemarbrgkyavi ng 1 to
30 carbon atoms such as nethanol, ethanol, propanol , butanol, ﬁ&egnt anol ,

hexanol , heghaifdlengths:fifed to Gerrlifbaverage segreesdefdalwnerization tiedy
t etradecanol, pentadecanol, hexadecanol, heptadecanol, octadecanol,
nonadecanol , " nmet hoxynet hanol , et hoxynet hanol, propoxynet hanol ,

Eu'éloxymet hanol , Efjmdmwd/h | fﬁrhﬂepdaning?giyoggidyeﬂéﬂgmr}allﬁkgcbw::))afﬂtl hanol , phenol
ydroxyacetic acjd, et ester, 10 r oxy tic acid,pr ester,

hydr oxy&?opi@ﬁpﬂb%@irﬂﬁﬁﬁﬂ&&&t ’EPWCR%‘%!Qgﬁﬁﬂﬂﬁge&é’ﬂ&%oy?ﬁ %ster,

et hane- 1, 2- gjQl hal RA waledidl p

LT et e bl A e oA et skl Rofuct, P MDA VRRA0M Ed-, | ¢ e
present i nveStuttgartdNew Yods 1996, p. 488 tiet seqtAygeveandie Shamhestibpi ¢ aci d
tributyl estgers, ric acid trioctyl 15 esters, phosphoric acid
tris(2-et hylﬁr&tﬂ‘?@f@@' phosphoric acid tris(2 butoxyethyl) esters,

but yl phosphoni ¢ agjighpfé EQF@GXP/%é@iﬂsesté}ﬁ%)domﬂ@ﬂb%mdho%?b%fdl pahyl esters,
phosphonoform c acid triethyl esters, phosphonoacetic acid trinethyl

est er s, 2Phogpasentdneentioraaredesterscaff{yi-Castarpexylizgpaid witbraliphepic oni ¢ aci d

Cri et hvl ) ML . .
2" phosphonogt Byt AEEASR TR RREMARGPMote BiaroaarsbREs magr BT et «
tributyl estfyethyRnehfigedopepanel NRidiolagiopahet £BRidl, detie)iene glycol,
tributyl phosphites, trilauryl phosphites, i
tris-(3-et h}F'@M&WV@'n@Nﬂﬁ”ﬁpﬁSébﬂloﬂ @Y%ﬁf@‘)h@ﬂf@&ﬁi%@;ﬁ'@r B'pt)alnénegl ycol)
phosphi tes. TheyigbligfheAb), MesBAGITELARE! £1%-BimARIBRARAAE AG11d. Phosphor ous
aci d, phosphoric acid, phosphordus aci'd, phosphinic acid and phosphi nous
acid i s 26novirimatioyldipsoparies peintadtiythiitaly d:mbohycﬁams_:(suga@i, andfsugaeni cal
LSEnelO9), Nebodich sk AndtaBos e shgsr e pkan. e e
Encycl opedi gkehiiAvéhfidincididhbyacchakides's8ch 55@@1)% %g%toéé, 545 ff;
30 Houben- Wyl , Met hoden der organi sc%en Cheme, Vol. X 111 and Xl 1/2,

Stuttgart 19®3ahnose,.fructose, arabinose, xylose and ribose, disaccharides such as
sucrose and maltose and oligo- and polysaccharides such as starch.
30 Suitable carboxylic acids useful in the present invention are C2-Cag
carboxylic acids such as aryl, aralkyl and alkylcarboxylic acid, preferably,

aralkyl and alkylcarboxylic acids, more preferably, alkylcarboxylic acids



LeA35417-US -14 a-a-unsaturated carboxylic acid esters suitable for use in
t he present L'brwggtd.lqnu re nono-, di-, tr_im and pol yesters of acrylic acid
and al kyl -, —a'l‘k'O'X'y'-—,—a'ngoxycar bonyl - and al koxycar bonyl al kyl acrylic aci ds
wi th al cohols having 1 to 30 carbon atons and pol yether polyols. 5 Suitable
al cohol conponents are npno-, di-, .tri- and polyhydric aryl aralkyl-,

al koxyal kyl suahasaaqeypac&%&mlor@mn§0&alﬁec 861d 5ABRIE a¢ ngapr,yII%f erably, 1

to 24 carbo ; : .y 2 a ; feLably,
aral Kyl - o AP Reidh Ky it infriothc d6ia el B2 tRERe R e LT

al koxyal kyl -acahdinaleiy acil amaddirelerii© asid. t abl e al cohol conponents al so i ncl ude
pol yal kyl ene gl ycol s an | yal kyl.ene, gl ycol et hers ref erabl.

pol ypropyl ene gl ff?fsf%fﬁeé[%@& %%Igéﬁﬁa@emygy II‘&?I%?B%‘II%G?E' 'éfthe_

pol ypr opxl egﬁegémqmeﬁwt@h%re%s\fa*smfl Ogark-y LoB-Sridlqylyeardipleryl ar wei ght's of
200 to 10,000, preferably, 300 to 9000, nore preféerably 400 to 8000. 15
Sui t abl e a, Himethyleolprepane, pentasxythritol avatieseaaed sorbjtanoville Ca-CGued al kyl -,

al koxy- and ?Moaﬁ_g’carlbon l,al kyl acrylic acids having 1 to 20 carbon atons
such as 2- m?t ¢ P§chca g"f"d_ (methacrylic acid), 3-nmethylacrylic acid
(crotonic acid)) Morhsreferfed camioxylicaéid dstergGf polyhyatit alcshon useful _

3, 3di nethyl acrylic acid (senecio acid) and 3-nethoxyacrylic acid. Acrylic
20 acid, 2-rinthg persept inveatipa arg mandwdiadriypr tetigeisterasf propastendydcryi i c

acid arenpreg.er : r ¥l hC~acj et hylacrylic
ot d. 107 gt R terd BGOSR R Wit G G PR RRE SR e

i nvention argidsual |y obtained by esterification of nono-, di-, tri-,
tetra- and pol yhydroxy conmpounds having 1 to 30 carbon atons such as

met hanol , 25 et hahd? MedhodhiRs RIPBAMNG EAPOXWIC agid &stars obpefyiwdiico| |

pr opan- 2- ol , - dial - i g@gﬁ, sikri ol
(glycerol), %gé@ﬂg{&?tﬁﬁgn_t@glgf@aﬂgu a(r%(])alﬁ,%%élj'tgtisnctg,‘%c?i -l 5"—‘,"80'%'&

but ane- 1, 3- drarh, fatsLit geaelally-ldiown ahd deseribeddidi Kitk-Obhrnend=ricy2idpedia ol |

pent an-1-ol, an-1-ol , heptan-1-ol, octan-1-ol, nan-1-ol , decan-1-ol,
dodecan-19- ol ‘?’h 55?’8(5’@5?-9@’89/89&’ vn\((;]age%rgnééu Epéo,a@ [ %Io%%hﬁq"m

hept adecan- ; , ' b ( r opane,

pent aer yt hr |1I% 0 I{(OI?TEC?J%%P”%? @ﬁb?@ttjgaﬂN%\ﬁ??gm g'l%@lm{%ﬁrp‘gt hoxynet hanol ,

pr opoxy et haBotyclépaedia piindustrial Chibreistrpxvelt AdAo5th Bor, dp8Xyept hehts |

2- but oxyet hgg% hydr oxyacetic acid nmethyl ester, hydroxyacetic acid ethyl
ester, hydr cetic acid propyl ester, hydroxypropionic acid nethyl ester,

hydr oxypr opi oni ¢ ggtiddektink ueehflin tHe prdenrimPentbraicCuristtintegy! ester and
pol yet her polyols Such as pol yet hyl ene glycols and pol%gropylene gl ycol s

wi th cordCespeyaiedrxtans-and ke estersdliod etiesrg) hydraxyalkyl edbeisonal |y, in the
f | - i b f | i
et and et TRGRYEESnypiS] SheRERF SafshamyLeteP Bbratysgidy © ©f acTyiic

propane- 1, 3- ¢ycibdetithsand their daid., 10 hexane-1, 6-diol, propane-1,2,3-triol
(glycerol), 1,1,1 tris(hydroxynethyl)propang, \
1,1,1-tris(hydr oxwﬁlpﬁyx%ﬁmﬁ& intheREASENEVention are cyclohexa-

1,1,1-tris(h t o , wmeals and
pol Yr opy! eney AP B S B S e P € «
esters LQEh hskadespohigh tang ipesduagdyduringatheydegtradation gfestarchemeBgtilles |

di | at e, | yet hyl .0l I th | at e, I hy| I I

i mot hacry| aMECSERN UhPBRYHE ECYRTE unast e siion SV ERf et co

diacryl ate. RahyRra0YIsEER ol i UxalfiiIgaE! ?I&S-Egélwéﬁw! ene gl ycol

|
di et hacryl ate, propane-1 riol diacrylate, propane-1,2,3-triol
di mret hacryl ate, pCapbomedit 22ids suifable 20 the cpclogéexttin esters are aryl-,
propane-1, 2, 3-triol -1, 3-(,2- hydr oxypr,opq t di,acryl at e,
D opane- 1. 2. ralkyioianghalkuRarbrutt ¥PUR RIS B 50 coiil dtoRisspsplomabiyi 2 o,
but ane- 13a- di9bg i aenyd, #hére praretablyl2%o 20UarsbiRafoms steferably,
2hydr oxypropyl nethacrylate,” 1,1, 1-tris(hydroxynethyl) ropane triacryl ate,
1, 1, 1- t ri s( hpoalsyy aad Ky)garbpxiie asidm xyoretprefarablyr 9Ikalgeyboy<,ym<,: acEs.
tris(hydroxynet hyl ) propane et hoxylate trinethacryl ate,
1,1, 1tri s(hydroxynet hyl } propane propoxylate triacrylate and
1,1, 1tris(hydroxynet hyl ) propane propoxylate trinmethacrylate. A nethod for
preparing a, ~i -unsaturated carboxylic acid esters are known and descri bed
in Kirk-Ohner: Encycl opedia of Chemi cal 30 Technol ogy, Vol. 8, 4th Ed.,
1996, p. 737 et seq; Ronpp Lexi kon Cheme) Vol. 4, 10th Ed., Stuttgartl| New
York, 1998, p. 3286 et seq.; Ul mnn's Le A 35 417-US - 16 Encycl opedi a
of Industrial Chem stry, Vol. A19, 5th Ed. p. 991 et seq.; Houben-Wyl:
Met hoden der organi schen Chem e, Vol. Xl 111 and X11/2, Stuttgart 1963l 1964.
A structural feature of the ionic surfactant conmpounds useful in the 5

oy .



zwitterionic (anphoteric) nature. Exanples of anionic groups are

- carboxyl at e SAkEQEL g sul fate, thiosulfate, phosphonate, phosphinate,
phosphat e arTS—(N}rt‘m—Up'ﬁUsphate groups. Exanpl es of cationic groups are
anmoni um  phosphoni um and sul foni um groups. Exanples of zwitterionic 15
groups are betaine,, | f bet ai ne and _am ne oxide gro The hydr ophobi c
groups are prefe%&ﬁﬁa} &BQP'HQ‘H'P%NWOWG@J&QS’&P‘E%%%@Q’ elbers, »yl, aral kyl and

al kyl radic her 'érIRé a‘ﬂ%nylélk 13h& and Bardpk é(lkyl Hepxaal kyl
RUA L KRy

groups are a In th resent 1 nvent | es of
sui tabl e cl emeesbrahcbedrptkyhgmup hléMlhlg'drtO[ﬂﬁ] d:arboaraitannispp@fmbw htce24

car boxyl ates such as al k Ica at es et her carboxyl at es
(car boiymat mf%%a?%?%d? [eapr %b IWE’ gpélaé‘%m%ch as nal>/onat es and

succi nat blle%aréattﬂodatﬁns?péte RSl AEylsTo v i fpRbly! and

car boxya kyI radi ca S 1n e salt form 'am no rlvatlves 5 such as

sarcosi des (dH kradtmétaerrsc;nmnmat@8hndsnléétemmdinmbbetar‘s/dtaaersmﬂd-ages such
as al kylsul fates, ether sulfates e.g. atty al cohol ether sulfates,
aryl et her sandr-gxcladextsns.wbichare émleatye@btawnfw @meaﬁew e8- sul fated

carbomylt ¢ o g S EREIES AR PR B e

al kyl aryl suldipagdsLand %g%/ %ﬁd&%aﬂnga&aw&a}baﬁ atdiHs lsaBRERdfgrar boxylic acid
esters, sulfonated carboxylic acid ami des, carboxylester sulfonates such as

a- f?l f o-10at texamapld, meltlwlAeﬁwlﬁpmmﬂ;I ]:bujy/l , pentydy, i\exylla,][lmmylam ﬂe SE| f onat es,
sul fosucci ni c_.ac et her. sul fon tes sul fat es, .phaosphates e.g.,
al kyl phospha?céilchﬁa'% 6'29@?'9? a&ﬁ’o' § %}gﬂﬁ‘?ﬁﬁne\g?h 6ﬁ%§‘gﬂ?ﬁ§t es and

di t hi 0ph05pf@i@§ucdﬁ¥@@é’id§m¢tﬁe®r@§éﬂ% éffad?dléTpOUﬂdS wi th hydrophilic
cationic groups 5 suitable for use in the present invention are prinmary,

secondary, terti afigreptefouad syeladgxtinsuseiihin the presenhingerijen aee yl  and

benzy] anmoni AP IR AR R T, O PP Q SRR LthgR- ot o7
| dazolfgni UcaalobiExt BAGHL RGBT bUt RERbabHM Bl By, sal L s of arine

10 oxi des, on| um sal t ol 1 niumsalts, Isoquinoli nYum salts and

tropylium sad:ycsod@tmmm Ga:hmbttqtlass;&ﬁodﬁxtnmrmewlmmyl-@hcydmﬂe)@m 12,8-
zwitterionic (anphoteric) )8rou s useful in the present invention are am ne
§

oxi des, i ni daiFmgthroeydedexidn éﬁ'gﬁﬁd’hﬁﬁcﬁoﬁ'ﬁaﬁm?rﬁtﬂ%’t‘)ﬂ&rboxyI at es)

an ﬁh?ifboxy?fcﬁ%at% B K o e R e A
(lecithin). 3 @%#rﬂﬂéﬂgﬁ?&&%ﬂé%m‘}QE'H?QJff@lﬁyIU@-lé yalodexsinNba B-taeUgLR
hydrophilic (anionic dl'or cationic and/of zwitterioni c) groups or

mol ecul €(ar cyclodéxtiine Batriacstyl-oacycdodextinyd) 8 6atsiacalylecycimtbxtnin,t hei r own
or in conbination, The ionic surfactant c rrpounds suitable for use in the

present i nvedth@liagatylrneyardardrindSddseey PFPRM' PriYGrPdeXtibyér opedi a of

Tk 25 & noborcRkiRfep s ?%&Het%f‘iiqf°$@er%f%§t§%&°'¥%*tﬁ§‘b§®3| 25

477 541, JohgoMplety a&e%ﬂéd dN%wCé‘ﬁylatedl&% oFengictbdExEi enbudietrynd Ed., H

Stache, Carl Hanser Verlag, Minich 82; Surfactant Sci ence Series, VoI
1-74, M J. Sdtdasiyl-p- cmt@@extﬂn@ndrz GNﬂwtyﬂa%-lapetyt}Bmysm)(trWEt hods in
Enzym)l o) Vol

, 82, .M 39-.2 Acad P S 30
D eor 1980, LeAAngtiosier BesRaring cyskBlexding 5 IONIAY HRGINES Phe
I nvention macr@ys Q[é)l?l%l@ﬁ UH@nleP%ﬂt'@& | $ttﬁf@é?@’ﬁé¢v'mkolr99?”9r BAS s sedhe

anal ysi s of s usual carried out by powder X-ray
diffraction. amd@@mméRQV@WStQﬁa(‘k%BaIWéB conposition is usually carried

Compl ox_1 or mi ng. ERBRBLS Co R Bies Rt Yefln fie RGELY MnGRIBYE. X 1

preferred DVarsaigd m@f;ha@mfmés Thdsphites, HospRohatesy phbsshbritespr i ses a) zinc

hexacyanocobal tate ( tert.-butanol; c) at |east one polyether; and
d) at | ed@t 6HQS%P?@§t@dP %@F%nate poI yal kyl ene glycol 10 sorbitan
ester, polyal kyl ene glycol glycidyl ether, glycidyl ether, glycoside,
carboxylic acid ester of polyhydric alcohol, cycl odextrin, phosphorus
conpound, a,~3-unsaturated carboxylic acid ester or ionic surfactant
conpound. The DMC catal yst of the present is typically prepared in agueous
15 solution by reacting a netal salt, preferably one represented by the
formula (1), with a netal cyanide salt, preferably one represented by the
formula (I1)) in the presence of an organic conplexing ligand b), which is
nei t her a pol yether nor polyester, polycarbonate, polyal kylene glycol
sorbitan ester, polyal kylene glycol glycidyl ether, glycidyl ether,
glycoside, carboxyllc aC|d 20 ester of polyhydrlc alcohol cycl odextrin,

o T Y 1 .



30 solution of the netal salt and/or the netal cyanide salt, or is added
directly toL% t}{a?’g%gg gél on after preci pi_tﬁt_i on of the DMC conpound a).

Pref erably, 417-US - 19 m xturé of aqueous sol ution and organic
conplexing ligand b) is vigorously stirred. The suspension fornmed is then
treated with a mxture of the conpl exing conponents c%_ and d). The m xture
of conpl exi ng cofyeRrisrRhasphates sitaple foF iseinfg pipseat invertigd gf@ire of wat er
and organic 0| gXxi e ' ML adiv &t d ' ated from
t he suspension Eﬁﬁhﬁ&ﬁ%’gﬁﬁ{bﬁﬁgﬁ?o@ﬁ%ﬁ' as Og@n'taé'i Lgdéﬁ ?%ﬁgé(}?}%sﬁl tration.

I n a pref er pgrbphuspHorie atidpant meoms-edientri-| tetrantaind polyidstersofl at ed DMC

catal yst is shed wi th an aqueous sol ution qf the organi c conpl exing

li gand b) (PEIYPELSRRPREC aﬁ’a %‘8@'@%@’@%}9 iéo gﬁ@t‘?'ﬁ'én renewed i sol ation by
filtratien or ce b i + examyl e,

pot assi u?n chl ori gjerb g’régﬁide ﬂ?}gﬁﬂ??@fgﬁfﬁg‘%ﬁe@g?g yst %rgt/e F\?géﬁi')ri\)gn@]he DMC

- catal yst wi thestersaafysrmsphemiust acid aofl altwhad hgaimgel todplcariorgatongand b) . The

ref or abl y_bat we IOATRARPBHoRAtaR Suibls b5 36 i3 1 BtisehE MyrntiR 2 cous
wash sol uti gondHdiédtBls/of hosBhoh|cAHBNIkAbhbYhdiELRXI ng component s c)

and d), preferably 0.5 to 5 w.% based on” the total weight of aqueous wash
sol ution, i @rgpbesphanic heidaglkexyearhanylaliylposphonipragidr abl y, t he DVC

t al i h t h nce. , Thi 2 lished b ti
Che aquiBus VRENEEEY R AROBR R elerRlul ool A0 St Lot ot o
non- aqueous phsphemicEdidor frdnot Wit e oMeerakeserd BEARYIIMHosphoRiceddid r ed. The

non- agueous wash sol ution corrgri ses a mxture of organic conplexing |igand
b) and the @hdRlefheldavinigbieddsaghomatpras.. 25 The washed DMC catal yst is

then dried, opti i j t. ture,. en 20
-100C and under gﬂ‘gdréggmgﬁi];tég%yﬁ%@%\?\é@%f@ﬂﬁ@g&s?g "?&%ﬁrgﬂ%’r rQ'Qﬁh)égepresent
i nvention i ofgpheephbncd acidtamdtdrglphoephdndicadiitandadledhslthastrept € ng to the
invention in a process for the preparation of a polyether 30 polyol by the

pol yaddilbi or3bearkenatesene oxide on to a starter compound contai ni ng
active hydrogen = : I : bly used in
the present i nveﬁ?ﬁﬁp&ggﬁ@ﬁﬁ%@?&@?&e‘ ﬁ’gé&gﬂﬁﬁé‘%’?‘gﬁﬁﬁégﬁ %Eﬁayl ene

oxi des and néstensrafpHosphinid aciihalkbiphbspipiniaf adithediptidy jpbosphinihacidandy

al koxyl ati on can be, acconpli shed b sin n one nononeric epoxi de, or
rand;?/ﬂ y Ior WG’@WQ'@'%‘%}H alﬁ‘dcﬁﬁc@‘ﬁih%f’k\"-ghfo égrﬁ"ﬁﬂ?ﬂ%ﬂo&“s&p;xi dgs?(l Furt her
details in this regps®erBRofShihpesuitdbldkdr R thE predctdslichtidfrare

ih
i ndustriellen Chem e, VoPumg A21, 1992, p. 670 et seq. Starter conpounds
cont ai ni2@y aesterscofralidylpbesphineussaidi dlalkarﬁmqspbmuataqd as@dd in the present

i nvention are Qunds with n e aver cul ights of 18 to
2,000 with 13'?'@’?@%96'8?&%0'&;?%%%EO%Eig%i{ééa@]%ds%ﬁogtag‘ﬁmg conmpounds are
et hyl ene gl ycol, Aicehbls!esulah e preseht Rivetien ard monel br bokhiyaaey! ene

gl ycol, 1, 4-butanedi ol, hexanethyl ene glycol, bisphenol

| :
tri met hyl ol paypadlkydd, @tkoxyalkyb @éndalkyl @ig¢ahals hawpg i 10030 caibenstemsdegr aded

starch and Wl { n atomns
ani oh has bebsPblan 3 % EarBhn SRS HPrS PPN RIAQ KoK HaNR]

mol ecul @5 wePierablygaralkylecatkoxyatkyieaid alkgbalablols aredised imtheopregentri c

al koxyl ati on, product wi th nunher av,ert?l%e nol ecul ar,, wei ght Ofy@ﬁ? to 2,000
i s preferabl YVERERNj MOF%QV%PE@ or usky VR ese InvRNan FRAIKeXGKYlcat al yzed
by the DMC Céﬁ@g"@taﬁﬁhélg? present invention, of an al kyl ene oxide on to a
starter conpoun ontal ning active hydrogen atons is carried out at a

t enper at ur e bet we@ngaric pbogpitates ppladsphites yplesphoaates) phospliddritesnor e
preferably, between 50 tg J??OC . The reacti ﬁ_gecan bg. car@i ed O{Jt .lJa@der an
overal | presBUPPTHpAtES G PNASPEENIES LseRs IRflie PEsEOLImvePiarn ai el 1 ed
out in By k ghtaibd PeFdactihgPHospheriy 86id, 3phbse HeiaepaiBhesphori

t et rahydrofuran (" T‘aﬁ" )a! TgfatmarrguntI of| sg?#\#gr?to |§s usual l? ?g top 300ncwt.%

basefj on t heaeidt Bhosphagtic aeid, plkyipborphomislagisl, ardpbespianicaeid, T]tle EI\/C
ol yadi t1 onoRai ARy by ENa3ERa Hid WMo Hatrichy HosBRENEESIE ¢ f ons. 20

The catal yst concentration is typically in the range fromO0.0005 w.%to 1
wt.% preferably, 0.001 wt.%to 0.1 wt.% nore preferably, 0.001 to 0.0025
wt.% based on the total weight of polyether polyol to be prepared. Le A
35 417-US - 21 The nunber average nol ecul ar wei ght of the polyether polyol
prepared by the process of the present invention is in the range from 500
to 100,000 g/nol, preferably, 1,000 to 50,000 g/nol, nore preferably, 2,000
to 20,000 g/nmol. 5 The polyaddition can be carried out continuously or

di scontinuously, (e.g. in a batch or in sem-batch process). Because of

S - R AN 2 1 a Y b1 oy



DMC cat al yst according to the present invention, the step of renoving the

DMC cat al ys fA Qi r1l76U§oI yet her pol yol ? be omtted w thout adversely
[ Lre—p'r‘oéutr—q t

affecting t uality of the resufting pol yurethane. See
Kunst st of f handbuch, VoI 7, Polyurethane, 3rd Ed. 1993, p. 25-32 and 57-67.

15 Exanpl es Cat al preparati on Exanple 1 Preparation of a DMC catal yst
wi th conpl eRYanPal ReRbANisACD tqy@nomSe%mle@@;@f Alkyld 'Eﬁ@%ﬂfiﬁﬁ}'c A: A

| ut f || ed
wator was addga? %Séﬁ%"oqﬁis{‘%%%eﬁ SephbrQls S P ppile SR brBhpfihbs | |

hexacyanocoheidt@ttheihaldgemiedfativesherdo dr phospharod oxideowitial hydsbxy red 25
(24, OOOrpn) unti | | mredi ately aftervvards a

f d
m xture of OHf‘d'ﬁ@”f S&)ﬁ §ﬁ?ﬂa ; ag{gnn%sggh €§§Wtﬁﬁﬁﬁl ghanolwas added to
the suspgns Poaoérfzﬂ rmgaﬁadgfamnoﬁt iR, hbgpa[n%v%dfamrn&r@aﬁemdééa‘im@oo rpm.

A mxture o yprop ene glyco h™a hunber-average
mol ecul ar vvdogacaml Q@@Oanolptﬂt;qﬂwpylbbpenmdpcaholzheﬁadeeambl0 5 g of 2,6 30

di net hyl - dext - Ch H D 81737
I\/{Jnr}achgl &Cﬁfafe&%d et Spnéﬁgonege@a‘rﬁ Wﬁg&h%%r was then added
LeA35417- USeﬂ?e&ynﬁéihéw pRbSGMehand, bitd émawol Thetnytianger | sol at ed

by filtration, then stirr mn wth a mxture of 70 g of

tert.-but an@qupwe@wanol,cﬁ—buthyéﬂmm gmenol, hygrexyasetig peisipsthyhester,ycol 2000

d 0.5 f B 000 d
11t or o4 ag ivircKBrER: giaraBU it AeldhBrifon alicofhestsh 20' M hutes
with a mxt r&IyPiléz&ollc(ﬁmd Efdpyl byﬁe@rﬂhané’-ﬂﬁ-dﬁﬂOfﬁropéhéplrmdlene gl ycol
2000 and 0.2 g 6-di met hyl -~i cycl odextrin Beta W (10 000 rpm.

After filtrd? rtrlhv%@xwatqnapetMa&twnetiwl%lpromn@am%pemaﬁmthrpipbssure to
constant wei ght. di@sfxapl 6 o2 n'?"tr‘?é’ &%‘n?%v%htlwpﬁé%a@%ﬁgth conpl exi ng

conponent s pol yether and ‘phosphoru procedure
was as set ftriethlyl estefss pmpksphdric Aoideributyl @sters) pblosphoriopcidrtrioctgti d tri et hyl

t d | -~ 15 | 0 t Beta W M 1, 8.
Exanpl 618 PrasiaaphOTPhSTIcAQS BIR ei BExVSSHE S SRABIHG TSN s

| yeth th i
Banpl o 1, oIS Eptele iy iibsifonic Ao bR PEREL, PreRSIfosaenicort 1 17
nunber - aver aapid dtdct;dlelsiaarsmluo;ﬂmonbfdrﬁﬁé)aglblrtnéthyhastemsmasphbhmneilb of
2, 6-di met hyl - p- I t W M 4_P t f
DC cat al yorodl FTEOHLFERI PrOsRRERRAREYsId BT SRHTSp31 yoar bonate
(Catal yst D) hoEBﬁpoSn%%‘iBH@a\é@stnﬁﬁat tesi@r%ti?-dh@) ngﬁ@«%&r%pﬂom&@mver a

di propyl ene egcoI pol ycar bonat e d| er - average nol ecul ar
20 triethyl esters, 2- phosphonoproplomc acnd tnpropyl esters, 2-

phosphonopropionic acid tributyl esters, 3-phosphonopropionic acid
triethyl esters, tributylphosphites, trilaurylphosphites, tris-(3-ethyloxethanyl-
3-methyl)phosphites and heptakis(dipropyleneglycol) phosphites.
The method for preparing esters of phosphoric acid, phosphorous
25 acid, phosphonic acid, phosphonous acid, phosphinic acid and
phosphinous acid is known and described in Kirk-Othmer: Encyclopedia of
Chemical Technology, Vol. 8, 4th edition, 1996, p. 737 ff; Ré6mpp Lexikon
Chemie, Vol. 4, 10th Ed., Stuttgart/New York, 1998, p. 3280 ff; Ullmann's
Encyclopedia of Industrial Chemistry, Vol. A19, 6th Ed., 1991, p. 545 ff;
30 Houben-Weyl, Methoden der organischen Chemie, Vol. Xll/1 and Xil/2,
Stuttgart 1963/1964.




30 wei ght of 1968 gl nole (determined by neasuring the OH val ue) was used in
lieu of 2,6-di e -cyclodextrin Beta,W M 1, 8. Le A 35 417-US - 23
Exanpl e 5 éj'A‘nﬁgmﬂlu‘i“'f a DMC cat al yst ®4th conpl exi ng conponent s

pol yet her and gl ycidyl ether (Catalyst E): 5 The procedure was as set forth
i n Exanpl e 1, however, polypropylene glycol diglycidyl ether with a
nunber - aver age n@tfedosaturated garbaxylie 20i sfglrSesw@élejgwsennnm@u of

2, 6-di methy] - (i- ' t a:WE . 8 P ation of a
DMC cat al ny’e\(ﬁe{‘ﬁ%&%ﬁrgﬁ?ﬁéf%Q‘@?ﬁpa%ﬁﬂ%&%ﬁwégwg %gﬁl&ﬁ@graﬁk’ié’ﬁ‘? c acid ester
of pol yhydr aikyk| alkby-5 alkeayedrsshylFhnd Hikoxytaromylatkylasryic asigh with th i n
Exanpl e 1, however, a glycerol tricapronate (Rl LANIT GIC, available from
Henkel KG adlsohols hayih11s 3B caskhon atams apd herpolyels. of

2, 6-di hyl - ( 3- ' 0 : | of a DMC
cat al ysmtaé let h( co%ﬁé@?ﬁé&&%%%gﬁ{ ntnyb%ieeﬁﬁg&%krgl %ncd;é‘?@g{'?&ggf'yst G :
20 The pr ocarhlkyd-, slcoxyalkybtaridoalkylalcohblsampling 1 .to [30vearbon atoma) kyl

Dussel Hor - RERSSTABG 1 19 44 Barton atomsa iR IyPeAivy LIQAREErIGN SO M 1, 6.
ool yEt v SRR ARERY: P P a4kl SAOR) BRIV
procedur e wpeefambdealkbayalkyl- antbadkghdleoholshowever, 1,1,1 _
o OV et B BP0 et e o B RAE hol Pl i, % © s
polyalkylene glycol ethers, preferably polypropylene glycols and
polyethylene glycols and the ethers of polypropylene glycols and
polyethylene glycols having molecular weights of 200 to 10,000,
preferably, 300 to 9000, more preferably 400 to 8000.
15 Suitable o,p-unsaturated carboxylic acids are acrylic acid and alkyl-,
alkoxy- and alkoxycarbonylalkylacrylic acids having 1 to 20 carbon atoms
such as 2-methylacrylic acid (methacrylic acid), 3-methylacrylic acid
(crotonic acid), trans-2,3-dimethylacrylic acid (tiglic acid), 3,3-
dimethylacrylic acid (senecio acid) and 3-methoxyacrylic acid. Acrylic
20 acid, 2-methylacrylic acid, 3-methylacrylic acid and 3-methoxyacrylic acid
are preferred. More preferred are areacrylic acid and 2-methylacrylic acid.
o,B-unsaturated carboxylic acid esters useful in the present
invention are usually obtained by esterification of mono-, di-, tri-, tetra- and
polyhydroxy compounds having 1 to 30 carbon atoms such as methanol,
25 ethanol, ethane diol (ethylene glycol), propan-1-ol, propan-2-ol, propane-
1,2-diol, propane-1,3-diol, propane-1,2,3-triol (glycerol), butanol, butan-2-
ol, i-butanol, butane-1,2-diol, butane-1,3-diol, butane-2,3-diol, butane-1,4-
diol, butane-1,2,3-triol, pentan-1-ol, hexan-1-ol, heptan-1-ol, octan-1-ol,
nonan-1-ol, decan-1-ol, dodecan-1-ol, tridecan-1-ol, tetradecan-1-ol,
30 hexadecan-1-ol, heptadecan-1-ol, 9-octadecanol, 1,1,1-
tris(hydroxymethyl)propane, pentaerythritol, methoxymethanol,



Preparation of a DMC catal yst with conpl exi ng conponents pol yet her and
sorbi tan esﬁgrAggﬁé,lail_%gt ) The procedur_e|§/\£as as set forth in Exanple 1,
however, a gl ycol (20) sorbitan nonol aurate ( TWEEN 20)

avail able from5 Sigma-Al drich Chemi e GrbH, D 82041 Dei senhofen) was used

in lieu of 2,6-dinmethyl-~i-cyclodextrin Beta W M 1,8. Exanple 10
Pr epar at i on ethoxyrmihadek propaxymethandnputexymgthanebsrethoxygthiapel,er and 10

Loni € 5V 2 b AR ok e, HyondBpcRpeaRipeutfaR, o Torth i

2, 6- di net hy lhydroxyaekticl asidrathylBestar, WidMxd/aBetidaaidrepyl lestéionpar i son) 15
Preparatlon of a DMC catal yst wth polyether as the co | exi ngacorrponent

(Catal yst KPYIIOYPIeRIPBiS Qﬂ"d Wtﬁylg?s(‘ejl 5dr%P&°'Qﬁ'CEPWC Byl @3tPte in 20 m

of distikle %&i of potassium
hexacyanoco(l?i)1 %@gr&ﬁég% Bkéba@gﬁélr:é@g%&%pé% Stl rredagsz/i gorously 20
(24, 000 r pmpalyethylene ghgiotand polypsogydemedlycolsneith edbebsparidieg wff-ds, a

m xture of 50 g of tert.-butanagl and 50 g of distilled vvater was added to

t he suspens|%$a¥lHﬁF%HC%'PGXY'Ke$P'§%|Qﬁt'@ﬂaUY galﬂaﬁ;ﬁr%ﬁeme of gatal ¥st824, 000 rpn.
A mxture of 1 I ol and
100 g of distil D ddel %@h{}% %@é Ydiéytd%ct?%crr%ﬁgﬁdgéa arheth?%'gg

Threr) 25 Sﬁl i chridvvith etlaalhati&:d m']?péné-ﬂr%cﬁlaimrolphae-1ss4dansl,etcnilutbuel‘lll,@ C?htnln (10 000
rom with a mxture o 0 t ano 0 o] istilled water, 1
of pol ypPopyhexagey 96{!@ U%@no?n‘jﬁfef trci MC%fSQri inally, the solids wereg
stirred agai t ol and
0.5 g of pol' i SuYrR Ay '}@@p%oﬁ(‘%‘%’é%%%“& LI

cat al yst wasl d|r1|-m$(mdr6myrﬁeﬂtyl ampmmrpmpopylamupelyemydme;glamolsmdght Le

A 35 417-US - I25 (ﬁel dlof dry catalyst in powder form 6.2 g El enental
anal ysi s, t RAVIGPYENFAYSUSanal ysis and extraction: Cobalt = 11.6 wt. %

2|nc:246vvt% I 2000 =
255 wt % Branp| HOLGPIBHERRG i dnsatliaitd carROLNE VAR FIAERS Th a

cycl odextr i rp@lyemlylene@mcdncrmmeopptynehyﬂer(e:glyably@ac@)atemol‘yfamwﬁmcedur e was
t forth Ex dextrin Beta W M
1S, LR 156 BB SR ot
powder form Iyed &rﬂétélp%mﬂbg}heggglmn GIGCWE wawérré @yaalal ysis and
9

extraction: bal t ert -butanol = 10.0
w. % 2,6 dimethadrylate, pplipsdexens 'chonelnaeth@c%atem@paaneZ Bstrlpt:orrparl son)

Preparat| on g SuRCoRRAEYE Aol cinBPSSRIAB  5robeHBA2S bl L e comPl exi ng

conmponent (
20 triacrylate, propane-1,2,3-triol-1,3-(2-hydroxypropoxylate) diacrylate,

propane-1,2,3-triol-propoxylate triacrylate, butane-1,4-diol acrylate,
butane-1,4-diol dimethacrylate, hexane-1,6-diol diacrylate, 2-
hydroxypropylmethacrylate, 1,1,1-tris(hydroxymethyl)propane triacrylate,
1,1,1-tris(hydroxymethyl)propane ethoxylate triacrylate, 1,1,1-

25 tris(hydroxymethyl)propane ethoxylate trimethacrylate, 1,1,1-
tris(hydroxymethyl)propane propoxylate triacrylate and 1,1,1-
tris(hydroxymethyl)propane propoxylate trimethacrylate.

A method for preparing o,f-unsaturated carboxylic acid esters are
known and described in Kirk-Othmer: Encyclopedia of Chemical

30 Technology, Vol. 8, 4th Ed., 1996, p. 737 et seq; Rémpp Lexikon Chemie,
Vol. 4, 10th Ed., Stuttgart/New York, 1998, p. 3286 et seq.; Ullmann's




The procedure was as set forth in Exanple 11, however) 2 phosphonopropionic

~acid trieth egd g4 7Y used in lieu of_qgl_ypropyl ene 25 glyco12000. Yield
of dry catMer form 5.9 g. El'énental analysis,

t hermogravi metric analysis and extraction: 30 Cobalt = 10.2 w.% zinc =

23.5 W.% tert.-butanol = 2.3 wt.% 2 phosphonopropionic acid triethyl

ester = 26. Engyclopedia oftmustrialChermistryaipl. A184 Sticbdpar 98beS se€d.epar ati on of

DMVC ! ] . | I 5
e or oo LBLLhAD. BRNEAL o PbrlhEMA RO BNl ! ol vt
met hyl - 1, 3- Btultpdret@eha64r ate) with a nunber-average nol ecul ar wei ght of

1020 g/ nol e was used in "eu of fpoI ypr.opyl ene F<?|Igcol 2000. Yield of dry
catal yst in powd@rstiustyral teajure ofthe ponigshifastaghappoyndeysail inthey 1 wi . 9

zinc = .0 04 ; b s cat al yst
W th a o yBRHh LERIBN T, By SPRERIE olel e cFOPREr I ey folitin ot =1 ¥
prf)cedu[) e wasleast ?]ee hiydraphilicriohicagrpup (drfla h:ydmpm:rq iﬁ?icd‘;\piegggg m}ne) Igl ycol

ol ycar bonat e ,wi nunber - gverage noj ecul a i mol e

et or i neqeBg AersonagyHRARSG drowh aiseaoficmdacds Rarpol yor opyl ene
gl ycol Zoooﬁéré(g@iéé’séf ioﬁfd’s&?éc@éﬁ%%qrﬁﬁbﬂﬁﬁefﬁl%%e Ere;%%n@i vengiggnt al

n
anal ysis) t ravimetric analysis an xtraction: Corbalt = 10.8 wt. %
zi nc = 24. 4ave sotfactants, sbapsrahulsifiers, detesgentsoand dispersing agents. 0 wt . %

Banpl e1d e (oA SRRk RC R, bRy Bor el ahih, thddhigon! vei vt ether
zwitterionic (amphoteric) nature. Examples of anionic groups are
carboxylate, sulfonate, sulfate, thiosulfate, phosphonate, phosphinate,
phosphate and dithiophosphate groups. Examples of cationic groups are
ammonium, phosphonium and sulfonium groups. Examples of zwitterionic

15 groups are betaine, sulfobetaine and amine oxide groups.

The hydrophobic groups are preferably C,-Csq hydrocarbon radicals
such as aryl, aralkyl and alkyl radicals. However, fluoroalkyl, silaalkyl,
thiaalkyl and oxaalkyl groups are also suitable for use in the present
invention.

20 Examples of suitable classes of compounds with hydrophilic anionic
groups are carboxylates such as alkylcarboxylates (soaps), ether
carboxylates (carboxymethylated ethoxylates), polycarboxylates such as
malonates and succinates, bile acid salts, e.g., bile acid amides with
sulfoalkyl and carboxyalkyl radicals in the salt form, amino acid derivatives

25 such as sarcosides (alkanoylsarcosinates), sulfonamidocarboxylates,
sulfates such as alkylsulfates, ether sulfates e.g., fatty alcohol ether
sulfates, arylether sulfates and amidoether sulfates, sulfated carboxylates,
sulfated carboxylic acid glycerides, sulfated carboxylic acid esters, sulfated
carboxylic acid amides, sulfonates e.g., alkyl- aryl- and alkylarylsulfonates,

30 sulfonated carboxylates, sulfonated carboxylic acid esters, sulfonated

carboxylic acid amides, carboxylester sulfonates such as a-sulfo-fatty acid



Le A 35 417-US - 27 The procedure was as set forth in Exanple 11, however,

pol ypropyl gggAgéyg% Lg%gl yci dyl ether vm_w a nunber - average nol ecul ar

wei ght of s used in lieu of polypropyl ene gl ycol 2000. 5 Yield

of dry catalyst in powler form 8.70 g. E errent al anal yS| S,

therrmgrawrretrlc analy5|s and extraction: alt = 8. % zinc —202
% tert.eHarscaroaxyamidesubipnatesy shitasyc @n@ wg@éterai gﬁhﬂsldw ether =

30 5w.%1 t th
car boxylic %‘g% g?'*’é?‘f%%ﬁ'i%a%g‘%ﬁ ﬂggﬂ%@agg?rp%ﬁqie&é%ipomnt :
(Catal yst (phosphmtes, cmmphenm phosphmétestdmdi mtlﬁixahq:dpehalés however ,

gl ycerol 15 tricapronate RILANTGTC a h fr r% KGaA

D 40889 01 1 ssel dbxpiPEsof degeasof et i bl & 59@54 9B, i el d
of dry oatabyiedhis %M@Wmég{] r8ertt-ifvéhtioACark gmagem

therrmgrawrretrlc anal ysi s d extraction: = 12.4 %r%inc = 26.9
L% tert. abdtqalatﬂrnarysammmam agltyswtmalkyk aqd@ndraaraﬁ(yl:rasilealsvt % Exanpl e 18
(Corrparison Pr epar at i an _of cat al st with a, glycoside as the
bR RIsT 3 aify ol ey

conpl exi ng amERUY s én?)ry TePRNES set forth in
Exanpl e 11, baﬁzwﬁfmorﬂhhwéalﬁobmhbmﬁmaﬁummdﬁﬁ&nﬁﬁltsaval lable from
Henkel KG a. A, 40589 Dussel dor~ was used instead of pol ypropyl ene gl ycol

2000. 30 Vi emuazollrdum galtsaoyazoliniurpsalisr thiazahniugn saltgy saltsiof amigg 417- US -

5.7 w0 2 PAeS sty e BN bl BB IR G801 Vg1 ycost e

30.5 wt. % 5tropyl|um salts.

Examples of classes of compounds with hydrophilic zwitterionic

(amphoteric) groups useful in the present invention are amine oxides,
imidazolinium derivatives such as imidazolinium carboxylates, betaines,

15 e.g., alkyl- and amidopropylbetaines, sulfobetaines, aminocarboxylic acids
and phospholipids, e.g., phosphatidyl choline (lecithin).

The ionic surfactant compounds may also contain several
hydrophilic (anionic and/or cationic and/or zwitterionic) groups or molecule
parts.

20 The ionic surfactant compounds may be used on their own or in
combination.

The ionic surfactant compounds suitable for use in the present
invention are known and described in Ullmann's Encyclopedia of Industrial
Chemistry, 5th Ed., Vol. A25, p. 747-817, VCH, Weinheim, 1994, Kirk-

25 Othmer, Encyclopedia of Chemical Technology, 4th Ed., Vol. 23, p. 477-
541, John Wiley & Sons, New York, 1997; Tensid-Taschenbuch, 2nd Ed.,
H. Stache, Carl Hanser Verlag, Munich, 1982; Surfactant Science Series,
Vol. 1-74, M.J. Schick , Marcel Decker, New York, 1967-1998; Methods in
Enzymology, Vol. 182, M.P. Deutscher, p. 239-253 Academic Press, San
30 Diego, 1990.



Exérrpl e 19 (Conparison) Preparation of a DMC catalyst with an

a, ~i -unsatu e ylic acid ester aggthe conpl exi ng conponent

(Cat al yst ¢ 5g'é}lﬂ%d ure was as set fgrath in Exanple 11, however, 1,1,1
10 tris(hydr oxyrret hyl ) propane triacrylic acid ester was used in |ieu of

pol ypr opyl ene gl 2000. Yield of cat al I n po r form 15
El enent al anal ys%ge qaltﬁslyﬁtﬁg"rcﬂ?fqd’@g io g‘%‘ﬁ&??@‘? "@Yob%ﬁﬁyﬁﬁ?i'm%rﬁ)a”@iwalt =
11.8 wt. %

tris(hydr oxéh@ﬁgﬁé? %B*ﬁmn%r@ﬁ gﬁe 'ﬁ&ﬂg%@gﬂ%‘ﬁ%_ fhwﬂy gk?&'fg %(arrpl e 20
(Compar i sonbylaoapmra(-ra;ndlﬁfacmoblvc catalyst with a sorbitan ester as the
conpl exi ng corrpo talyst T roc dur e vva as s th in
Eanpl 6 13, howed BP AR ot flecsalypl RbpsBs LharaFardas clPk: e (TN
20, avaig abb%n?éntbr Quﬁfél?s@nmeh% @hgrar%x@a‘ewe Ferfigf4l bf igsé senhof en) was
used in lieu of polypropylene g yco 00. Yield of dry catal yst in powder

form 5.6 ¢ complex -forming covpangsissfollowed by@ gnavnnetrncdeielahmetlen and

t ti : LeA354 | t =24.9 w. %
DR hutanol = BgI e OniC sealfitansolind 48 theBreReB inveRfioRomo aur at o =
14.6 wi . % Exampried b) CAIKCYARbCSoMAAD MIP(B)AErbuBnElE) eflcts shevi Lh an

i oni ¢ surfactant conmpound as the conpl exing conponent (Catalyst U): The
procedur e wpolysthereand sh)tat least pnamsilyestar, pelysetkanate.-polyalkylane gieol used in

20", aneRtaE ey Sollityens yedloNthl efer Uudd Ind aulePalron o

CObalt = 13 carbdxylic acidester 8bpdlyydrie alcendl, c&kblba@)ﬁhn “pHosphtiruds
L-a-lecithin = 12.0 wt. % 15 Preparation of“{) tether ponoIs Gener al
este

procedur e 5@ogmun§opcyﬁwag@hwi@dglaywyhgta@ [ AUieNG suNastagle nol ecul ar
wei ght = %8 /nol e) and 3-5 ng of catal yst (15-25 ppm based on the 20
anount of p "pol yol to be prepared) were charged to a 500 mi

pressuri zed reactPhe mn'@rcat tlof t}%@pr@%éﬁﬂa)n{]pﬂéﬂygﬁéﬁ)@@dh@ af08ois whi | e

stirri ng Pro%l ene oxi de (about was then a in one operation until
t he ovefal io8 hyrepsting ag@etak%altzpaef@ably me temesq;ﬂg%py&%f%wt&e was then

added only %gew.tﬁa ASEFLAAIE Ll 3RSy ShaRelRSeMBITI AL brindid

reactor. celera pressture %rop I'n |cat e ca St was
acti vat ed Tinéhe prasience of an opgdrmleompledmg(ltgéﬁd@)) wanshtiémeltraaimed

cont i nuousl a constant over ressur ar. After aII t he
propyl ene oyﬂcﬁ(@ 'ﬂ%[d‘%é@?yeﬁ%re(ﬂ’o ﬁé"&? W'RHGF‘ @&cl"] PRIHANSS®G e at 105
C volatil eﬂaﬁtélﬁylewég r?gﬂgfgphlrogﬂeﬁrer y&d&lletﬂéerg)yc%%et,*&srﬁaiyi.eéeldwas 30

then cool ed'to roomt
20 ester of polyhydric alcohol, cyclodextrin, phosphorus compound, o, -

unsaturated carboxylic acid ester or ionic surfactant compound. In this
preparation, in an aqueous solution, the metal salt (for example, zinc
chloride, employed in a stoichiometric excess (at least 50 mol. %, based on
the molar amount of metal cyanide salt) is reacted with the metal cyanide

25 salt (for example, potassium hexacyanocobaltate) in the presence of the
organic complexing ligand b) (for example tert-butanol). A suspension
comprising the DMC compound a) (for example, zinc hexacyanocobaltate),
water, excess metal salt, and the organic complexing ligand b) is formed.

The organic complexing ligand b) is either present in the aqueous

30 solution of the metal salt and/or the metal cyanide salt, or is added directly to

the suspension after precipitation of the DMC compound a). Preferably, the



LeA35417-US -30 The pol yet her pol yols obtained were characterized by

. determ ni ng; theafXqyaliges. the doubl e bong content and the viscosities. The
progress of —the reactron was nonitored on the basis of the tine-conversion
curves (propyl ene oxide consunption [g] vs. reaction time 5 [mn]. The

I nduction tine was, determ nﬁﬂ fromthe point of i teriﬁcxlon of the tangent
at the st eep®dureefaquequssolitionand.ergeniccomplexing loaRd R) ispdarevglided base

line of theg ﬁHéd’eThg*éﬁsBérgag@%ﬂrﬁfe'd%tﬁér{‘F it hixtdRcofhye for the

catal yst activity corres to the peri o et ween cat yst activation (end
of the mducompiewcmmpoaemtstchendudd Ghemmumobmmpbxmumnmm%d The

total reaction ti was the sum.of th opox atlon tinme.
Ecaml e 2. B AP BiETesno [3ER)R erailss ) Bt Ba B fae "ppm | 15
| nduct i o tq,?gnéag ).m nPropoxyl at on tinme:110 m nTot aI reacti on t| me: 209 min
Pol yet her po OH val ue (ng, KOH g): 29.9 20 Doubl e bond content

(ol e/ kg) : 10 ViTedaMGcatslyst l@rtlmysola@mfrmﬂmplsusgenqmbyémpwon)

i o 00 m ABPuRulEh E0TAS cBfich Ragthiol AbRBhy Mook el o Rerfohs) yet her
pol yol : CH Vieé presefiBinkGhtian, the solated DMO katalyr iglwashéd with Givayueioks) : 7
Viscosity 25 C (nmPas): 849 Le A 35 417-US -31 Exan'gl e 24 (Conparison)

Preparati on sgfutlenmn%om@nlwrpblexmthﬁanﬁtb:)(f%exa;mpbs pHesuUSPentiRn i on time:

5P tj 160

i 32014 n 2B 0 FEhenlet RRigiGR Ty MPac el itGartel PP eaubRb )
Viscosity 2prédidt®de) exdthple] fofassitip ehlaﬁdé Grepambsed froRr theddMG on of a

pol yet her pol yaol WI th Catal | nduction time: 15 Propoxylation

time: Total GREAVStDYWashig tf%ﬁbyﬁﬂi %%t%y.‘%%e N asyiepps SPRIORGhthEg i n
organic complexing ligand b).
The amount of organic complexing ligand b) in the aqueous wash

15  solution is preferably between 40 and 80 wt.%, based on the total weight of
aqueous wash solution. Preferably, a small amount of the complexing
components c¢) and d), preferably 0.5 to 5 wt.%, based on the total weight of
aqueous wash solution, is added to the aqueous wash solution.

Preferably, the DMC catalyst is washed more than once. This can be

20 accomplished by repeating the agueous wash solution procedure described
above. However, the use of a non-aqueous wash solution for further
washing operations is preferred. The non-aqueous wash solution comprises
a mixture of organic complexing ligand b) and the complexing components c)
and d).

25 The washed DMC catalyst is then dried, optionally after pulverization,
at a temperature between 20 - 100°C and under a pressure of between 0.1
mbar to 1,013 mbar.

The present invention is also directed to the use of the DMC catalyst
according to the invention in a process for the preparation of a polyether

30 polyol by the polyaddition of an alkylene oxide on to a starter compound
containing active hydrogen atoms.



OH value (mg KOH g): 29.9 Doubl e bond content (mmolelkg): 10 Viscosity 25 C
(nmPas): 931 204 §s26 (Conparison) PRrgparation of a polyether polyol

wi th Catal M%@p‘pm I nduction time: 25 Propoxylation tine: Total
reaction tine: Polyether polyol: 90 min 93 mn 183 mn OH value (ng KOH g):
29.9 Doubl e bond t ent osi t » C (nPas 845 30

Exanpl o 27 (c:onpéﬁlﬂ@%mﬁ ORREp BRI wreckindBe peashst MYGNYGR o1k EWVSaEal yst O
(15 ppm: SHBIGE 0 ion

time: 190 m r?# ot al él%ggcpﬁﬁeo%r? |c%<?sﬁ§u%}|0 m nlg%alb?/glﬁ ﬁtgejr%pﬂg‘leﬁf? @év uIﬂﬂe (my

KOHI g): 29. ﬁlpaufuhepblynﬂwar@hamtby(aﬂmtydﬂtlog\)carﬁm acamnplish2d by sitps) : 901

CeeTBl e 2%, SRR Ml S B el By BRSPS 5L

Pol yet heg p%dﬁﬂmeﬂ@@p@%ﬂes"#ﬁr‘tﬁbﬂd&al@ iR tﬁ?é'ré rHQ:aWEb f&gﬁb Gh: 29.5 DOUb' e
bond co_ntent (rmDI e/ kg): 7 \/gcosﬂy as) Exam ne 29

AN ‘ th Ie .- Qupie \Mqltlrme:zﬁ%l V1892(p.8&79 ppn) :
| nducti on tlems Propoxyl at ion time: 25 Total reaction tinme: Polyether
pol yol : 180 59115 min 295 nin OH value (ny KOH g): 29.6 Doubl e bond
content (ol e ka3tarir drapagads cdiftafirg gt hyBichen atBirewhien 3 (Compat | son)
Preparation of a polyether polyol wth Cataly (20 Le A 35 417-U
S 5 I nduct i dfeferaldy used poihel present mv&réionﬁse@pmr@sjeﬂsmtﬂmumberpo| yet her

pol yol : 10  average molecular weights of 18 to 2,000 with 1 to 8 hydroxy! groups.

Examples of such starter compounds are ethylene glycol, diethylene glycol,
triethylene glycol, 1,2-propylene glycol, 1,4-butanediol, hexamethylene
glycol, bisphenol A, trimethylolpropane, glycerol, pentaerythritol, sorbitol,
sucrose, degraded starch and water.

15 A starter compound containing active hydrogen atoms which has
been prepared by conventional alkali catalysis from a low molecular weight
starter compound mentioned above and is an oligomeric alkoxylation product
with a number average molecular weight of 200 to 2,000 is preferably used
in the present invention.

20 The polyaddition, catalyzed by the DMC catalyst of the present
invention, of an alkylene oxide on to a starter compound containing active
hydrogen atoms is carried out at a temperature between 20 to 200°C,
preferably between 40 to 180°C, more preferably, between 50 to 150°C. The
reaction can be carried out under an overall pressure of 0.0001 to 20 bar.

25  The polyaddition can be carried out in bulk or an inert organic solvent, such
as toluene and/or tetrahydrofuran ("THF"). The amount of solvent is usually
10 to 30 wt.%, based on the total weight of polyether polyol to be prepared.

The DMC catalyst concentration is chosen such that sufficient control
of the polyaddition reaction is possible under the given reaction conditions.

30 The catalyst concentration is typically in the range from 0.0005 wt.% to 1
wt.%, preferably, 0.001 wt.% to 0.1 wt.%, more preferably, 0.001 to
0.0025 wt.%, based on the total weight of polyether polyol to be prepared.



-33 350 mn 355 mn 705 mn OH value (ng KOH g): 29.6 Doubl e bond cont ent

(nmol e/ kg) : Lg B\/éggg%:,g 25 C (nPas): 101 1Exarrp| e 31 (Conparison) 10

Preparati on her polyol wth alyst S (25 ppm: Induction tine:
Propoxyl ation tinme: Total reaction tine: 15 Polyether polyol: 120 m n 87
mn 207 mn OH value (nmg KOH g): 29.8 Doubl e bond content (mmolelkg): 7
Viscosity 25 C (kpaspmbsraveradenelesplar ssightaf thapolyether eplyeht i on of a

pol yet her p | ( ; | LAE: | ation
e Tot al e bl e BicEeys brthe s O o6 R rahbE oM SA01 1711 0"
val ue (g K@BOHDO githok, pesfekatsty, bigDOD 50,600 ol mioh Inedrks Prefefably, ;080 toy 25 C

(nPas): 926 E&@ | e 33 (Conparison) 30 Preparation of a pol yether polyol
with Catal yé0:000@®%hpn) . Induction tinme: 125 nin Le A 35 417-US

P B " o PR AR o OGRS W Slindd 0, 0 207,
25 C (nPas) (e.§2ih a batehAr &bsdrhicbatsh-pré&ess).

Because of their significantly increased activity, the DMC catalysts of
the present invention can be used in low concentrations (25 ppm and less,
based on the amount of polyether polyol to be prepared). In the preparation

10  of polyurethanes, if a polyether polyol is prepared in the presence of the
DMC catalyst according to the present invention, the step of removing the
DMC catalyst from the polyether polyol can be omitted without adversely
affecting the product quality of the resulting polyurethane. See
Kunststoffhandbuch, Vol. 7, Polyurethane, 3rd Ed. 1993, p. 25-32 and 57-67.
15
Examples
Catalyst preparation

Example 1
20 Preparation of a DMC catalyst with complexing components polyether and
cyclodextrin (Catalyst A):

A solution of 12.5 g (91.5 mmole) of zinc chloride in 20 ml of
distilled water was added to a solution of 4 g (12 mmole) of potassium
hexacyanocobaltate in 70 ml of distilled water and vigorously stirred

25 (24,000 rpm) until a suspension was formed. Immediately afterwards, a
mixture of 50 g of tert.-butanol and 50 g of distilled water was added to the
suspension formed and then stirred vigorously for 10 min (24,000 rpm). A
mixture of 0.5 g of a polypropylene glycol with a number-average
molecular weight of 2000 ("polypropylene glycol 2000") and 0.5 g of 2,6-

30 dimethyl-p-cyclodextrin Beta W7 M 1,8 (Wacker-Chemie GmbH, D-81737
Munich), 1 g of tert.-butanol and 100 g of distilled water was then added
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. conprising:) @ g4 4hpagg one doubl e-net al oeyani de conpound; b) at |east one
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pol yal kyl ene gl ycol sorbitan ester, polyal kylene glycol glycidyl ether,
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sur f act ant (P(S’W(?Ltin%o(@agaly% ‘ocess according to Claim?7, further conprising

the stepg of: (cC)THesplobUOE: waea@adealfmm irfEk)éﬁipléSP&itﬁNé\férabél92 (b); (d)
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presence of theedoubl e-netal cyani de cat aI yst of daiml1l. 25 10. A
pol yet her pol on prepared by the process of daim9. .A( .AfY .Af .AS
. Ay% Af . A5S

25 Example 4
Preparation of a DMC catalyst with complexing components polyether and
polycarbonate (Catalyst D):
The procedure was as set forth in Example 1, however, a
dipropylene glycol polycarbonate diol with a number-average molecular
30 weight of 1968 g/mole (determined by measuring the OH value) was used
in lieu of 2,6-dimethyl-p-cyclodextrin Beta W7 M 1,8.
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20 The procedure was as set forth in Example 1, however, an alkyl
polyglycoside (GIUCOPON® 650 EC, available from Henkel KG a.A., D-
40589 Dusseldorf) was used in lieu of 2,6-dimethyl-p-cyclodextrin eta W7
M1,8.

Example 8

25 Preparation of a DMC catalyst with complexing components polyether and
a,B-unsaturated carboxylic acid ester (Catalyst H):

The procedure was as set forth in Example 1, however, 1,1,1-
tris(hydroxymethyl)propane triacrylic acid ester was used in lieu of 2,6-
dimethyl-B-cyclodextrin Beta W7 M 1,8.

30

Example 9
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Example 11 (Comparison)

15  Preparation of a DMC catalyst with polyether as the complexing
component (Catalyst K):

A solution of 12.5 g (91.5 mmole) of zinc chloride in 20 ml of
distilled water was added to a solution of 4 g (12 mmole) of potassium
hexacyanocobaltate in 70 ml of distilled water and stirred vigorously

20 (24,000 rpm) until a suspension was formed. Immediately afterwards, a
mixture of 50 g of tert.-butanol and 50 g of distilled water was added to the
suspension formed and then stirred vigorously for 10 min (24,000 rpm). A
mixture of 1 g of a polypropylene glycol 2000, 1 g of tert.-butanol and 100
g of distilled water was then added and stirred for 3 min (1000 rpm). The

25 solids were isolated by filtration, then stirred for 10 min (10,000 rpm) with a
mixture of 70 g of tert.-butanol, 30 g of distilled water, 1 g of polypropylene
glycol 2000 and filtered again. Finally, the solids were stirred again for 10
minutes with a mixture of 100 g of tert. butanol and 0.5 g of polypropyiene
glycol 2000 (10,000 rpm). After filtration, the catalyst was dried at 50 °C

30 and normal pressure to constant weight.
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Example 12 (Comparison)
Preparation of a DMC catalyst with a cyclodextrin as the complexing
component (Catalyst L):

10 The procedure was as set forth in Example 11, however, 2,6-
dimethyl-p-cyclodextrin Beta W7 M 1,8 was used in lieu of polypropylene
glycol 2000.

Yield of dry catalyst in powder form: 5.4 g

15
Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 10.5 wt.%, zinc = 24.4 wt.%, tert.-butanol = 10.0 wt.%, 2,6-
dimethyl-p-cyclodextrin = 13.8 wt.%.

20 Example 13 (Comparison)
Preparation of a DMC catalyst with a phosphorus compound as the
complexing component (Catalyst M):
The procedure was as set forth in Example 11, however, 2-

phosphonopropionic acid triethyl ester was used in lieu of polypropylene
25  glycol 2000.

Yield of dry catalyst in powder form: 5.9 g.
Elemental analysis, thermogravimetric analysis and extraction:

30 Cobalt =10.2 wt.%, zinc = 23.5 wt.%, tert.-butanol = 2.3 wt.%, 2-
phosphonopropionic acid triethyl ester = 26.1 wt.%
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component (Catalyst N):
5 The procedure was as set forth in Example 11, however, poly(2-
methyl-1,3-propylene glutarate) with a number-average molecular weight
of 1020 g/mole was used in lieu of polypropylene glycol 2000.

Yield of dry catalyst in powder form: 5.4 g.
10

Elemental analysis:
Cobalt = 12.1 wt.%, zinc = 27.0 wt.%.

Example 15 (Comparison)

15 Preparation of a DMC catalyst with a polycarbonate as the complexing
component (Catalyst O):

The procedure was as set forth in Example 11, however, a
dipropylene glycol polycarbonate with a number-average molecular weight
of 1968 g/mole (determined by measuring the OH value) was used in lieu

20  of polypropylene glycol 2000.

Yield of dry catalyst in powder form: 5.33 g.
Elemental analysis, thermogravimetric analysis and extraction:
25 Cobalt = 10.8 wt.%, zinc = 24.4 wt.%, tert.-butanol =20.2 wt.%,

polycarbonate = 15.0 wt.%

Example 16 (Comparison)

Preparation of a DMC catalyst with a glycidyl ether as the complexing
30 component (Catalyst P):
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Preparation of a DMC catalyst with a carboxylic acid ester of polyhydric

alcohol as the complexing component (Catalyst Q):
The procedure was as set forth in Example 11, however, glycerol
15  tricapronate (RILANIT® GTC, available from Henkel KG a.A., D-40589
Dusseldorf) was used in lieu of polypropylene glycol 2000.

Yield of dry catalyst in powder form: 5.0 g.
20 Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 12.4 wt.%, zinc = 26.9 wt.%, tert.-butanol = 8.6 wt.%, glycerol

tricapronate = 8.4 wt.%

Example 18 (Comparison)

25 Preparation of a DMC catalyst with a glycoside as the complexing
component (Catalyst R):
The procedure was as set forth in Example 11, however, alkyl
polyglycoside (GLUCOPON® 650 EC, available from Henkel KG a.A., D-

40589 Dusseldorf) was used instead of polypropylene glycol 2000.
30

Yield of dry catalyst in powder form: 8.70 g.
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Yield of dry catalyst in powder form: 5.0 g.

15 Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 11.8 wt.%, zinc = 27.7 wt.%, tert.-butanol = 11.8 wt.%, 1,1,1-
tris(hydroxymethyl)propane triacrylic acid ester = 2.4 wt.%.

20 Example 20 (Comparison)

Preparation of a DMC catalyst with a sorbitan ester as the complexing
component (Catalyst T):
The procedure was as set forth in Example 11, however,
polyethylene glycol (20) sorbitan monolaurate (TWEEN® 20, available
25 from Sigma-Aldrich Chemie GmbH, D-82041 Deisenhofen) was used in
lieu of polypropylene glycol 2000.

Yield of dry catalyst in powder form: 5.6 g.

30 Elemental analysis, thermogravimetric analysis and extraction:
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lecithin was used in lieu of polypropylene glycol 2000.
10  Yield of dry catalyst in powder form: 2.0 g.

Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 13.7 wt.%, zinc = 25.6 wt.%, tert.-butanol = 7.5 wt.%, L-a-lecithin
=12.0wt.%

15

Preparation of polyether polyols

General procedure

50 g of polypropylene glycol starter (number-average molecular

weight = 1,000 g/mole) and 3-5 mg of catalyst (15-25 ppm, based on the

20 amount of polyether polyol to be prepared) were charged to a 500 mi
pressurized reactor under inert gas (argon) and heated to 105 °C while
stirring. Propylene oxide (about 5 g) was then added in one operation until
the overall pressure had risen to 2.5 bar. Further propylene oxide was then
added only when an accelerated pressure drop was observed in the

25 reactor. This accelerated pressure drop indicated that the catalyst was
activated. The remaining propylene oxide (145 g) was then added
continuously at a constant overall pressure of 2.5 bar. After all the
propylene oxide had been added and after a 2 hour post-reaction time at
105 °C, volatile matter was distilled at 90 °C (1 mbar) and the mixture was

30 then cooled to room temperature.
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activation (end of the induction period) and the end of the propylene oxide
10 feed. The total reaction time was the sum of the induction and

propoxylation time.

Example 22
Preparation of a polyether polyol with Catalyst B (25 ppm):
15
Induction time: 99 min
Propoxylation time: 110 min
Total reaction time: 209 min
Polyether polyol:  OH value (mg KOH/g): 29.9
20 Double bond content (mmole/kg): 10
Viscosity 25 °C (mPas): 931
Example 23 (Comparison)
Preparation of a polyether polyol with Catalyst K (25 ppm):
25
Induction time: 100 min
Propoxylation time: 110 min
Total reaction time: 210 min
Polyether polyol:  OH value (mg KOH/g): 28.1
30 Double bond content (mmole/kg): 7

Viscosity 25 °C (mPas): 849
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Double bond content (mmole/kg): 9
Viscosity 25 °C (mPas): 855

10
Example 25 (Comparison)
Preparation of a polyether polyol with Catalyst M (25 ppm):
Induction time: 99 min
15  Propoxylation time: 110 min
Total reaction time: 209 min
Polyether polyol:  OH value (mg KOH/g): 29.9
Double bond content (mmole/kg): 10
Viscosity 25 °C (mPas): 931
20
Example 26 (Comparison)
Preparation of a polyether polyol with Catalyst N (25 ppm):
Induction time: 90 min
25 Propoxylation time: 93 min
Total reaction time: 183 min
Polyether polyol:  OH value (mg KOH/qg): 29.9
Double bond content (mmole/kg): 6
Viscosity 25 °C (mPas): 845
30

Example 27 (Comparison)

Preparation of a polyether polyol with Catalyst O (15 ppm):
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Example 28 (Comparison)

10  Preparation of a polyether polyol with Catalyst P (25 ppm):

Induction time: 130 min
Propoxylation time: 31 min
Total reaction time: 161 min

15  Polyether polyol:  OH value (mg KOH/g): 29.5
Double bond content (mmole/kg): 7
Viscosity 25 °C (mPas): 849

20 Example 29 (Comparison)

Preparation of a polyether polyol with Catalyst Q (25 ppm):

Induction time: 180 min
Propoxylation time: 115 min
25 Total reaction time: 295 min

Polyether polyol:  OH value (mg KOH/g): 29.6
Double bond content (mmole/kg): 9
Viscosity 25 °C (mPas): 914

30 Example 30 (Comparison)

Preparation of a polyether polyol with Catalyst R (20 ppm):
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Example 31 (Comparison)

10  Preparation of a polyether polyol with Catalyst S (25 ppm):

Induction time: 120 min
Propoxylation time: 87 min
Total reaction time: 207 min

15 Polyether polyol:  OH value (mg KOH/g): 29.8
Double bond content (mmole/kg): 7
Viscosity 25 °C (mPas). 922

Example 32 (Comparison)

20 Preparation of a polyether polyol with Catalyst T (25 ppm):

Induction time: 265 min
Propoxylation time: 175 min
Total reaction time: 440 min

25 Polyether polyol:  OH value (mg KOH/q): 30.2
Double bond content (mmole/kg): 8
Viscosity 25 °C (mPas): 926

Example 33 (Comparison)

30 Preparation of a polyether polyol with Catalyst U (25 ppm):

Induction time: 125 min
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of polyhydric alcohol, cyclodextrin, phosphorus
compound, a,B-unsaturated carboxylic acid ester
or ionic surfactant compound;
c) at least one polyether; and
d) at least one polyester, polycarbonate, polyalkylene

glycol sorbitan ester, polyalkylene glycol glycidyl
ether, glycidyl ether, glycoside, carboxylic acid ester
of polyhydric alcohol, cyclodextrin, phosphorus
compound, o,B-unsaturated carboxylic acid ester or
ionic surfactant compound.

The double-metal cyanide catalyst according to Claim 1, further

comprising water and/or a water-soluble metal salt.

The double-metal cyanide catalyst according to Claim 1, wherein

the double-metal cyanide compound is zinc hexacyanocobaltate

(nn.

The double-metal cyanide catalyst according to Claim 1, wherein

the organic complex ligand is an alcohol, aldehyde, ketone, ether,

ester, amide, urea, nitrile, sulfide and/or a mixture thereof.

The double-metal cyanide catalyst according to Claim 1, wherein

the organic complex ligand is tert.-butanol.

The double-metal cyanide catalyst according to Claim 1, wherein

the double-metal cyanide catalyst contains up to about 80 wt. %,

based on the total weight of the double-metal cyanide catalyst, of a



| " HSYR () *+, -. /012
Le A 35 417-US - 36 -

10

15

20

25

10.

mixture of ¢) and d).

A process for the preparation of a double-metal cyanide catalyst
according to Claim 1, comprising the steps of: (a) reacting, in
aqueous solution, (i) at least one metal salt, (ii) with at least one
metal cyanide salt, in the presence of (iii) an organic complex
ligand, which is not a polyether, polyester, polycarbonate,
polyalkylene glycol sorbitan ester, polyalkylene glycol glycidyl ether,
glycidyl ether, glycoside, carboxylic acid ester of polyhydric alcohol,
cyclodextrin, phosphorus compound, a,p-unsaturated carboxylic
acid ester or ionic surfactant compound; to form a suspension; and
(b) treating the suspension with at least one polyether and at least
one polyester, polycarbonate, polyalkylene glycol sorbitan ester,
polyalkylene glycol glycidyl ether, glycidyl ether, glycoside,
carboxylic acid ester of polyhydric alcohol, cyclodextrin, phosphorus
compound, a,B-unsaturated carboxylic acid ester or ionic surfactant
compound.

A process according to Claim 7, further comprising the steps of: (c)
isolating the catalyst from suspension after (b); (d) washing the
isolated catalyst; and (e) drying the isolated catalyst.

A process for the production of a polyether polyol by the
polyaddition of an alkylene oxide onto a starter compound
containing active hydrogen atoms in which the polyaddition of the
alkylene oxide is conducted in the presence of the double-metal
cyanide catalyst of Claim 1.

A polyether polyol prepared by the process of Claim 9.



