1 25 July 2006 PREPARATI ON OF A DOUBLE METAL CYANI TE CATALYST The present
invention relates to a process for the preparation of a double netal
cyani de catal yst, to zinc hexacyanocobaltate catal yst, and tf a @%fcess
for the polynerization of alkylene oxjdes with the help of25 W4eHHN e net al
cyani de catal yst. Background of the Invention Double nmetal cyani de (DM
conpounds are well known catal ysts for epoxide pol ynerization, i. e. for
pol ymeri zi ng al kyg ePRRAXTARSOF iAKBCRIPIRY METEARX T YAENBTEI CAtATyY 8me oxi de to
yi el d poly(al kyl ene oxide) polyners, also referred to as polyether

pol yols. The catalysts are highly active, and give pol yether polyols that
have | ow unsaturation_coppared w th .sim | Ly L Nng ong
basi c catal ysts ﬁ?f% %%?%s%|uﬁ”ﬁ%ﬁr%&}d535%§§?d§%§fSfagﬁ%géégpéig{ion of
pol yet her pokyereddiettaimlySts datbbe usedlt oyaakdeacaarilgtsy ,ofto pol yner
products, including polyester polyols and ol yet herester polyols. The

pol yol s canzﬁécu§&¥qq¥anﬁﬁ9ﬁﬁ%q%ﬁf[ﬁﬂ%&ﬂ%ﬁﬁﬂﬁ%@ by°r BaBLPRESthem™wi t h

pol yi socyanah@s Ji1deie ARRORN aif méﬁ@néxidé’@lwaﬁt haaeheneduat s that
can be made includé polyurethane coatings, elastoners, seal ants, foans,
and adhesi ves doaktliso gl adc taveerickt alafstlystan be prepared with the hel p of
the prior art there is %nterest in increasing the activity
further. | n=AB-9 SN =

DG LR e 2 s cd! descri bed for making doubl e netal
cyani de cat al yst pdapleagktag apyagueeus (Do) utd@ip@indot agsd umell
hexacyanocobal t ate, tert-but¥l al cohol and an aqueous soiutggnf%; zi nc
chl oride i nknown catalysts [or epoxide polymerization, .
polymerizing alkylene oxides like propylene oxide and
ethylene oxide to yield poly{alkylene oxide) polymers,
also referred to as polyether polyols. The catalysts
are highly active, and give polyether peolycls that
have low unsaturation compared with similar polyols
made using strong basic catalysts 1like potassium
hydroxide. Besides for the preparation of polyether
polyols the catalysts can be used to make a variety of
polymer productsg, including polyester polyols and
polyetherester polyols. The polyols can be used for
preparing polyurethanes by reacting them with
polyisocyanates undexr appropriate conditions.
Polyurethane products that can be made include
polyurethane cocatings, elastomers, sealants, foams,
and adhesives.

Although active catalysts can be prepared with
the help of the prior art processes, there is interest
in increasing the activity further.

In WO 98/40162 a process is described for making
double metal cyanide catalysts by reacting an agqueous
golution of potassium hexacyanoccbaltate, tert-butyl
alcohol and an aqueous scolution of zinc chloride in

which the alkalinity of the aqueous solution of =zinc



which the alkalinity of the aqueous solution of zinc 2 25 July 2006
chloride is about 0.2 to 2.0 %w of zinc oxide based on the anount of
zinc chloride in the solution, nost preferably fromabout Q.4 t bout 0.9
%wt. An anmount of zinc oxide of 1.13,%wt (Exanple 7) is éﬁd@hﬁﬁ%@d t 00

hi gh: the polyol s obtained had_ increased .unsaturation and.ing¢reased
viscosity. fLﬁ?r%ﬁF af° A to&i%et80§r§sﬁbﬁ§% %étﬁl%90?§lﬁ8I agF%zinc

oxi de per pBl e ambaht Salft .ziSWMEKYoP{déhenl MmNt §6DuEDBAT apsto t he
teachi ng of WD 98/40162, it has now been found that nore active catal ysts

can be prepirégrehlyhd nomesdivtE of - hitghedP@wbuht 3 &f WAl kAR AECYREt al

Ther ef or e, e present .isnv i on, kel;ates rogess, far paration
of a doub|e5%e€§V%§y§%%§§ q?%mﬁjl%afg%yséﬁga %ﬁ gﬁoc%%sggg%g%%§§§ (a)
conbi ni ng amocaquehiighsol uthen ofobyadkrs: al Galdingd h hadl aquecwsaseldut i on of

a metal cyanide salt and reacting these, sol utions; d_(b) recaqvering the
DMC cat al ysHPREMEEE OFeddtd oCHfisdsst 672 5P i th br@ e&¥Ct RE BNEcat al yst

is preparedok gt o Presenss olvifthom 0 03 1e1Q 4Fohenef sRiad ?)éirde and/
on netal hydroxide, based on anpbunt of netal salt. It has been found that
t he cat al ystolebrdi medady satllve process according to the present invention

e B BIATHES LA SRy om0 noreased activity, Lt ves
derived from thecoftralrycyeni dhesaldacidsichi ghewot ey adassx vetlci hascat al yst's
pr epar ed acggaﬂlggego Egggg ngﬁggdsmore active catalysts can be
prepared in the presence of higher amounts of alkaline
metal.

Therefore, the present invention relates to a
process for the preparation of a double metal cyanide
(DMC) catalyst, which procegs comprises:

(a) combining an aqueousg solution of a metal salt with
an agqueous solution of a metal c¢yanide salt and
reacting these solutions; and

(b) recovering the DMC catalyst from the reaction
mixture,

in which process the DMC catalyst is prepared in the
presence of from 0.03 to 0.4 mole of metal oxide and/
on metal hydroxide, based on amount of metal salt.

It has been found that the catalysts obtained by
the process according to the present invention have
unique characteristics. In addition to an increased
activity, it was found that the meclar ratio of metal
derived from the metal salt to metal derived from the
metal cyanide salt was higher than observed in
catalysts prepared according to known methods.
Therefore, the present invention further relates to
xinc¢ hexacyanocobaltate catalyst obtainable by a

process according to the present invention, and to



Therefore, the present invention further relates to xinc

hexacyanccobal tate catal yst obtainable by a process according to the
present invention, and to 3 25 July 2006 xinc hexacyanocobzglrfu?tgogr%gt al yst
prepared froma netal salt and a netag cyanide salt in whi h | ar

ratio of xinc to cobalt is.at least 2.25. The high activity of the present
catal yst maké§< i exﬁ&é’ﬁrﬁcéjhlac}tc?g:eer aﬁaéc%y%c%r‘?%%ﬁ?gcgfgwyét .metaq
concentrati @a1thamaes nRMH 1S agecth e | anowin Dehathedhdesenbpt it ief t he

invention The process according to the present invention conprises
prepar at i onCéf XiRE DUCCeEdity st iat tiseshrresdénce of from0.03 to 0.4 nole

of metal oxide andan gt gl bydegxidle. - asel AR AT o ofo kgl |

Thi s conmpound can ent ina part of “the preparation. Suitable
met hods coniti sep@diie t heo netmdraoé deatindmorwhnet kdwéy dr oxitaéd vis¢ t he

netal salt solution and/or to the net.al cyani dte salt solution. A further
met hod conpfFrEEsTadGtig™ ﬁ@%ﬁﬁ&ﬁ&lﬁlﬁags‘%i Yth contains the DMVC

cat al yst whipke zlitl eldS i@ fimeeE: thiz tihe drttitegr nethod, the addition of
met al oxi deTand/on metar nydroxide can be carried out at any tinme during
preparation of tA&ccapuaPgees ARIPrIHNShEOt | Yhaf treqant adi@6as 1661 ut i ons

have been a , et her ri. f orzmation th X Qr, dyring the
further t reggﬁ@ﬁtﬁ:’% t E’gfegg%]té%ag)fbe%ﬁ%f or%n’[gd. %a%%r ﬁz:r m%rne, Lll't Se
conmpound caprkecadédedodt sSeyeral.odi ffer ent shapes of treraclat alxyisie

preparation. Inproved _activity was observed even if the netal qxide and/on
metal hydr ofPde Wadkdde Xt 4 cﬁﬁﬁﬁ%x"rﬁaﬂm‘aﬁl‘?%aﬂ% Rgter Faed

This compound can be present 1in any part of the
preparation. Suitable methods comprise adding the
metal oxide and/on metal hydroxide to the metal salt
gsolution and/or to the metal cyanide salt solution. A
further method comprises adding the compound to
solution which contains the DMC catalyst while it 1is
being formed. In the latter method, the addition of
metal oxide and/on metal hydroxide can be carried out
at any time during preparation of the catalyst, such
ag shortly after the aqueous solutions have been added
together, during formation of the complex or during
the further treatment of the complex has been formed.
Furthermore, the compound can be added at several
different stages of the catalyst preparation. Improved
activity was observed even if the metal oxide and/on
metal hydroxide was added when the complex had already
been formed.

Preferably, the metal oxide and/on metal
hydroxide is present during reaction of the agueous
solution of metal salt and agueous solutiocn of a metal

cyanide salt.



Preferably, the netal oxide and/on netal hydroxide is present during
reaction of the agqueous solution of netal salt and aqueous solution of a
nmetal cyanide salt. 4 25 July 2006 Al kaline conpounds are C rllsb(gq%red
conpounds that when added to pure watep give a solution havf

greater than 7.0. n_cal cul ati ng the _anmount. t X] a n netal
hydr oxi de whi ch |sl\ﬁhﬁéLsentcorF%oun Duit “of- Bl CPere@ gﬂﬁﬁoﬁgggeﬁg{&
starting corpewndsddathtas parc wacﬂdzorgﬂee S_h@.dildltajcﬁﬂ hevimken igH o
account. The nolar anmount of metal salt is considered to be the total

nol ar ampunBrER LRt &Paga%-P present  including the netal oxi des and net al

hydroxides._Pr efgicablyn1 A AN, Sa@udeast o038 oke iy ably at

| east 0.04. The anmpunt of oxlI de and on netal hydroxide strongly
depends on tiegaki rmyctfox:o:h@owhdcpr eserpresent w theberepprecpét etiathat t he
anmount w | | gener al J used than i f. a netal

hydroxi de i § H‘éj(%deeWé?%?ﬁ/ ]t%esa%geflgw?cfm%ourfésssSutcrlula S0.4%0l e, nore

speci fi cal | yhliess deharhdd drelieo Ad algen amtes \adfoganpounds have been
found to be suitable for use in the present invention. Additionally, the

netal oxi de and/ dhenetalahydrexinle ofdosatabt SAdéd 1 Beraddescds tSuch but
can be forngd tﬂ S'Egtéﬁ c!)iarweguﬁén%nﬂm S ALK L5PEG aclé y WLl e for

use in the netal oxi on met droxide are neta group la, 2a,
2b and 8 of mkréulaamigodltmeTabﬂm:aﬂf tdﬁneld&ermndis méthlandm’dlroodld@asem stry
and PhySICSPrN%erably, the amcunt i1is at least 0.035, more
preferably at least 0.04.

The amount of metal oxide and/on metal hydroxide
strongly depends on the kind of compound present. It
will be appreciated that the amount will generally be
lower if a metal oxide is wused than if a metal
hydroxide is used. Generally, the amount will be less
than. 0.4 mole, more specifically less than 0.3 mole.

A large wvariety of compounds have been found to
be suitable for wuse 1in the present invention.
Additionally, the metal oxide and/on metal hydroxide
does not need to be added as such but can be formed
in-situ as well.

Metals which are especially suitable for use in
the metal oxide and/on metal hydroxide are metals of
group la, Z2a, 2b and 8 of the Pericdic Table of the
Elements of Handbook of Chemistry and Physics. More
specifically, the hydroxides and/or oxideg of one or
more metals are preferably chosen from the group
congisting to group la, 2a and the metal present in
the metal salt and/or the metal cyanide salt.
Preferably, the alkaline metal compound is one or more

compound chosen from the group consisting zinc oxide,



specifically, the hydroxi des and/or oxides of one or nore netals are
preferably chosen fromthe group consisting to group la, 2a and the netal
present in the netal salt and/or the netal cyanide salt. oﬁgﬁﬁgﬁ y, the
al kaline netal conpound is one or noreg conpound chosen fr oup

t d Jul 2006. h d t
oy on da” BERSAA Bfondx ey Ot@ﬁ%woﬁwﬁ? S E S R B S

i nvention, a@@ﬁ@qu@Qhwh[Qﬂuiﬁﬁ a netal salt and aqueous solution of a
nmet al cyanlde salt are conbined and reacted. Generally, this wll be done
in the presence @R dMERfAtSedibl €he ngvagehon. Tﬁ@uﬁﬁPélS§&PF1§beerably

i's water solubl en |y S er r ool nin
which Mis seleth@gF?gn1§%££gr%%% é%ﬂgf%%?négjgéh&w B ,%ééﬁﬁg%) , Ni (I
1) , M (I kyapiGe (sia]Jt) a,réSn:cérhbiz)ed #hd tehyrede Generalw (tWis Mo

(M), A (||| V(V) St (11) ., W( , W (V) , Cu and Cr
(rny élgr &% %%‘F?/ M EoSCatsseaiss r%gmv%xﬁeoﬁg%ﬂb?: 68&%%1%51&& of the
net al s of gbg@@th and 8 of the Peri odi c Table of the El enents of Handbook
of Chem stry and Physics, 63rd Edition. Preferably, Mis  zinc, iron,

cobal t and/or ni dkel .wbrb $9edi f PEAFEYabRY kS sERBEFeEPHEM € hétst oup

consiSting oL, 20.0h) nFe fld) cenCralldommant N GH) oyl the hormia, X

is prefera 'y —an i on Selécte romthe group conS|st|ng of hallde
hydr oxi de, &hhbataa ¢armmﬂﬁate¢yﬁﬂbdethamgiatp,ddmsxaﬁumgeqflgmcyanate

|soth|ocyan car boxyl ate, and nltrate The_ va ue of ral IS
from1lto 3 &ﬁd'sé:ﬁ s&%’ R 35Fénc?jmstéﬁlé rof~ Cf\/lE Oen 515 [by

(II), Fe {III), Mo (IV), Mo (VI), AI (III), V (V), V
(IV), Sr (II), W (IV), W (VI), Cu (II), and Cr (III).
More preferably, M is selected from the group
consisting of the metals of group 2b and 8 of the
Pericdic Table of the Elements of Handbook of
Chemistry and Physics, 63rd Edition. Preferably, M is
zingc, iron, cobalt and/or nickel. More specifically, M
is selected from the group consisting of Zn (II}, Fe
(IT), Co ({I1), and Ni (II). In the formula, X is
preferably an anion selected from the group consisting
of halide, hydroxide, sulfate, carbonate, cyanide,
oxalate, thiocyanate, lsocyanate, isothiocyanate,
carboxylate, and nitrate. The value of n generally is
from 1 tc 3 and esatisfies the wvalency state of M.
Examples of sguitable metal salts include, but are not
limited to, zinc chloride, zinc bromide, zinc acetate,
zlinc acetonyl- acetate, zinc benzoate, zinc nitrate,
iron (II) sulfate, iron (II) bromide, cobalt (II)
chloride, cobalt (II) thiocyanate, nickel {(II)

formate, nickel {(II) nitrate, and



Exanpl es of suitable netal sal ts incIUde, but are net limted to, zinc
chloride, zinc bromde, zinc acetate, zinc acetonyl- acetate, zinc

benzoate, zinc nitrate, iron (I1) sulfate, iron (11) bron1de & It (1) .
chloride, cobalt (Il) thiocyanate, nickel {14)- fornat e, é@ é)q%
nitrate, and 6 25 July 2006 -the |ike, and m xtures thereof Zinc chloride

Is nost preferred. The netal cyanide s ably | sol uble and

general |y has t BBegdh&eal apsk m%%res sﬁ"(?%é)%f gmﬁl%ﬁ) 18UBORE | n

this salt M |s Pe %E gF net al "sel ected fron1group 5b, 6b, 7b, 8 of the
enmen '

Periodic TableP ts of Handbook of Chemi.stry and Physics.
Preferably, M is oflheometraie ayetrdldes sladdt grrefignabinet groaperonsiybilag of

b |t h 1 di th
ona vanad um - SRA. BBE AT the sre] sBE R (T OSRE™ T o ae
Fe(11), ge(l11)y gﬁﬁl)l EubCe( |(|Pl)) suB.(d))In i 1331t a1 53, oB( bkl ore

Lr(Crer), NCin), (rer), RrRu(ll), V(IV) and/or V(\). Mire sj eC|f|caIIy;,M
is one or 15 anetnétablﬁﬂhﬁﬁ(ﬁIQM(ﬂﬁQQRaiﬁmnﬁbcoﬁgtsglﬁﬁ bhej pgplodic

-?Sﬁﬁhttocﬁé"z‘rﬁéah“d'fé%}a Wt jof' HalipfodRpbe (Cfeni oty aHe, Y, 100
“and Ni (I'1).- Thenyetals. Prafedeatsalt wameousnalmcmrermebaé sélehtse

metal s. , |n 20 the fornula, Y.is an alkali petal -ion or ?Lkahine.earth
netal ion. A |sfeﬁmaﬁbénQﬁﬂWRHQRﬁﬁ#ﬁﬁﬁqngErtﬂ%P'c%ﬂ??%  nGPOPMHETY de,

hydroxige, ~sulfate.. %”sonalfﬁduﬁ&/a'}{ﬂﬁ{epxaéﬁé&uﬁhlQﬁyﬁeﬁtam heacyanat e,
~1s6thio-" cyanate, ga oxylate dﬁnltrate Both a and b are 25 integers
greater t han orv&@ﬂdhuﬂe Entﬂhesaumnﬁtaﬁmes, MY usually was found to be
| ‘ - present as Fe(II), Fe(III), Co(II), Co(III), Cr(II),,

'Cr(III),,Mn(II), Mn (III}, Ir(III), Ni(II), Rh(III), _
']RﬁKIIj; V(IV) and/or ViV} 'More}speCifICally,'M’is one or
15 S more metal selected from the group con51stlng of ern,i
o cobalt chromlum, 1r1d1um and nlckel In these instances,
"M’usually was found to be present as Co(II)r Co(III),,
Fe(II), Ee(III), Cr(II), Ir(III), ‘and Nl(II) " The metal
dyahide ealt can contain one or more of these metals. In
2d,'l”- the formula, ¥ is an alkali metal ion or alkalihe_earth
| ‘metal ion. A is an ahion eelected,from the group
consisting of halide, hydroxide, sulfate, carbonate,
cyanide, oxalate, thiocyanate, isééyénate, isothio-
-lcyanate, carboxylate, and nitrateL'Both‘a and b are
25 | '1ntegers greater than or equal to 1; ‘the sum of the
' charges of a, b, and ¢ balances the- charge of M'. ‘
Suitable metal cyanlde salts include, but are. not llmlted
to, potassium hexacyanocobaltate(III), potassium
_ hexacyanoferrate(II), potassium hexacyanoferrate(III),
"30 o calc1um hexacyanocobaltate(III), lithium hexa—-‘
cyanoiridate{III), and the like. Alkali metal‘

hexacyanocobaltates are most preferred.



charges of a, b, and c ‘bal ances the-charge of M. Suitable nmetal cyanide
salts include, but are ,not limted to, potassium hexacyanocobaltate(lll),
pot assi um hexacyanoferrate(ll), potassium hexacyanoferrate I**)ngp

cal ci um hexacyanocobal tate(l11), 1ithium hexg--cyanoiri dat 3 3 nd the
1ike. Alkali metal h-exacyanocobaltates are nost preferred. 7 25 July 2006
DMC cat al ysts nmade by the cess of .th ng. i |1 I rise
an organic coaneXinéM%gEﬁ agYEgﬁewaPFys ﬁﬁg %EBng%nnggﬁﬁ{qf§%?§?§F|ve|y

soluble in wat 11§Ugéﬁalc§1§?rreb iska@eaaanb&gah&ct s leotimn lageitiknown i n
~the art, as taught exa

in U S Pat 92 Th
conpl exi ng agentGeseadﬂé&,ethhepomﬂéﬁﬁﬁggpPS&&FaPFoﬁéigzﬁﬁﬁiﬁ é@%?le in

fol | owi ng preC|p|t tion Vo AL DHES cdmbilf the
conpl exi ng agent *#5&Hsed™ lﬁ?&ﬁ?r @ %é%%Pg ln;'l;lcgents are 10 water- égluble

“het er oat gm cont akRbRE 2HJ&MeC amrrpmnatsug&mt f@a:n ecamp e viint H tShe RBSubl e

nmet al cyani de conpound Sui t abl e - conmp I ng agents i.nclu b not

limted to, alcBhel§, 1§I8d@i?y2de§'heké’t°5tﬁ§se 13’( %:e erscij&ed esﬁéfureas

nitrites, SU|f|d8%rﬁﬁ§h§?%§éyﬁ (ﬁp%ﬁeqhmmgié%éﬁfﬂfdihdwmﬁgEp&é@ppqmﬂﬁxbn
al c

are mater-soluble a ohol's selected fromthe group con5|st|ng of
et hanol , i sopr op¥l talec aladlal ysthutiduadllgohan aﬁﬂﬁﬁﬁyﬁmQﬂQﬁﬁRﬁ thgec-puty

al cohol, and tert-butyl .al cohol. Tert-butyl 0 P e; fed. ard

Exanpl es of doubFemReEXing FAI Mﬁﬁﬁfg B ecr%n& i) elb{]/ the pr 0cess

of the i entlonrk %Eﬂgéldﬂyé H@ﬁygaétOmydbhﬂuﬁﬁmnqﬂmmgmmm¢temmm¢¢m¢5 zinc
errate(ll

hexacyano zinc hexacyanoferrate(lll), nlckeléll& d.
hexacyanoferrate&hhk cagbatanlgx with the double ‘metal cyanide compoun

Suitable complexing agents inciude, but are not limited

to, alcohols,_aldehydes,,ketones, ethers, esters,; amides,
ureas, nitrites, sulfides, and mistures thereof.
15 Preferred complexing agents are water—soluble aliphatic
| alcohols selected from the group consisting of ethanol,
isopropyl alcohol, n-butyl alecohel, iscbutyl alcohol,
' . sec-butyl alcohol, and tert-butyl alcohol;‘Tort—butyl
alcohol ‘is most preferred. |
'720 ' Examples of double metal cyanide,compdunds that can
be made by the process of the invention include, for
example, zinc hexacyano~cobaltate(III), zinc ' _'
hexacyanoferrate(III),'zxnc hexacyanoferrate{III),
nickel (11} hexacyanoferrate(II), cobalt (IT)
25 hexacyanocobaltate(III), and the like. Further examples
of suitable double metal cyanlde compounds are listed in
U.S. Pat. No, 5,158,922, the teachings of which are |
incorporated herein bylieferénoé..Zinc'hexacyanocobaltate 
is most- preferred .
_36‘7‘ | In a typlcal process for maklng DMC catalyst, an
| | aqueous solution of the ‘metal salt (e.g., zinc- chloride)
is first prepared. Next, the adjusted metol salt_solotlon

is combined and reacted with an agueous SQ;Ution of a



25 hexacyanocobaltate(ll1), and the like. Further exanples of suitable
doubl e netal cyani de conpounds are listed in U S Pat. No. 5,158,922, the
- teachings of which are incorporated herein by reference.
hexacyanocobal tate is nost, preferred. 30 In_a typical prd%gﬁgy?Qﬂﬁ maki ng
DMC cat al yst,, an aqueous solutlon of ‘the n&t &l ~salt (e.g., zinc chloride)
Is first prepared. Next, the adjusted netal salt solution 1is conbined and
reacted with an amﬂemhscsahmdeoaaht ésﬁEhJaByp@@@@sn&mnhaxaqxﬁnﬂqnbaiﬂate)
(such as potaSS|un1 ﬁﬁagganocoba t n_the presance of an or¢

_conpl exi ng agent ¥ repEPreLE thaPﬁgﬁBFf TSR S A% FER 9%?t%§

produce a catal y@ér'éi-lyﬁﬁyl adheoral &l M§§.n§| BEFY cG@RftaimiSiinie th measiid a
product of the metal salt™ and nmetal cyani salt, which is the double

netal conpl ex. /H@&t%&ﬁsbnslaréy @h@e@étﬁéV§¢ §éNFrHM999t%%&¥ &hgani ¢

conpl exi ng agent; or at e Y.
structureg 10 t he" ?%%ﬁ%gﬂtgrgﬁgcg ég ﬁgg &?%ggg eéi%é’ g%%%ﬁéﬁ%ﬁﬁgg
Preferably, the cgapiysﬁhltﬁ pEepneedoabla m@empemmmpmenmtﬁmetﬁnesenuﬁere
about roomtenperature to 80 C _a nore preferred range ' e fromroom

tenperature to EGRKIRSSIBETAL §P§§n|HaESHpP8?|H§9ﬁ$%ﬂ O S S0g | HRAE Ani ¢ h
~ei ther or both Of&%gg ? ?HH? EEteﬁOEthBﬁé Yt et Q%Ptﬂ¥3d%¥3%¥§ﬁ)the

catalyst slurry i ow ng precipitation of the DMC conpound.
It is generally stefetued.to pre-mx the conpl exing agent with either 20
aqueous §8|Utlon ,Or %ﬁéhreggﬁgﬁﬁscggg'gbn 1%2 a&e%%EaQESlred '
;'Ptemperature Preferably, the catalyst.is prepared at a
.temperature within the range of about room temperature*to
.80 °C, a more preferred range is.from room temperature to
15  The organic eomplexing agent can be included with
' either or both of the aqueous'salt.SOlutions} or'it can
be edded to the cataiyst slurry immediately following
precipitation of the DMC eempound. It is generally .
preferred tq pre-mix the complexing agent with either
20 agueous eelution, or both, before combining fhe
reactants. ' - - 7
The initial DMC complex is formed in an aqueous
.reaction medium. The metal salts used and the salt formed
| during the complex formation reactlon are well soluble in -
M25‘ l‘; water and hence will be present in the aqueous phase.
'SinEe.these salts are generally detrimental to. the
'activity'of‘the DMC complex catalyst, they are usually
removed before the DMC catalyst is actually used for
catalysing any elkoxylatien reaction. The catalyst can be
_ 30  isolated from the catalyst slurry by any convenient
means, such as filtration, centrlfugatlon, decantlng, or

the like. Further, the isolated catalyst can be washed

with an aqueous solution that optionally contalns organic



The initial DMC conplex is formed in an aqueous ,reaction medium The
nmetal salts used and the salt fornmed during the conplex formation reaction
Are well soluble in 25 water and hence will be present in the gueous
phase. Since these salts are generally detrigmental to t he 2 Y%L?O(Gy of the
DMC conpl ex catalyst, they are usually renoved before- the DIVC cat al yst

.is actually used for c¢atal kox e AT Tol T I
can be 3 0 isol a‘t:‘é’ap?‘?ﬁi"r??hégﬁa al %@ée ﬁ?‘reyc%;t ytcgl(r%vée(nyl%eerﬁ 'il?ansgi;é}]d; %ch

as filtration, CEQMbéuail&banunaeea%bngm @htittheHd katfytthersadhies a
i sol at ed cat aI yst can be washed w th an aqueous sol ut on th%&ﬁﬁt | Oc?al |y
contai ns organi ccéngbadul ye2gbb . SvApRELENECEFEHTISK ¢ has

been washed, it e dried un c t ; geﬁpﬁ@oga
const ant wei ght . l%ﬂ??gbpg F@Shffug ﬁg\égo%lf\r/\g/a%égdnﬂ% Cllq{'sgfl‘g{a—t%li ng the

cat al yst @are descri bgdpiBfe8radoné8Ro80&or5 JAqirae:f:mg ghedMbEatRlyst has

i solating the DMC catal yst has been desgcrib V[)01/7241%xm4}15 ocess
conprises . conbi heag crecaiidbger droWCof 12 %hﬁ 5 BRI R i ch

is essentially i ns%&:ggl glg# PR stp%g%l\gﬂ ¥ e C@M@»@fwm r@c;ti@@ldihe

solid DMC conpl eX° rom aqueous nedi um and aI I OWI
t wo- phase syst emyhache isf (ersrmdwnal:w.lysturmgﬂofblée fin sna%efa Jaﬁ*ud a

| ayer containing the DMC conpl ex a.nd t SE | ¥rofhe
first aqueous | aféPaPder &fo rf“Iﬁ\/rf g‘a’tcg @‘g? %%%ve&}sé@r om t he
| ayer coff ai ni ng.fhey cél%oqgcnf@il%WStandﬂhﬂl%@t@'W Iahamesiys‘nemh’eo be

present T nvention, ferably’is accor di ng to the fol]ow ng

“formula - Zn2[ Co((EN)rﬁﬂe@l coRsHR0n9A ather 614 i 12T} B%Fhg? Ig‘ge‘?\tf%:ﬁﬁrA is
a conpound of containing the DMC complex and the liquid added;

subsequently, the first aqueous layer is removed and the
DMC .catalyst is‘recovered from the layer containing the
15 DMC catalyst. :
The DMC catalyst as used in the present invention,
preferably is accordlng to ‘the follow1ng general formula
~2Znp [Co(CN)}glCl.nC. mH20 pA |
wherein C is a complex1ng agent and AllS a oompound of

20 general formula

R—-——(O)m— [“:L—RZ | . (1)
" wherein: ' |

R1 represents hydrogen, an aryl group, a substltuted or
unsubstituted C1-C10 alkyl group or a group R3—NH—
:25_ | .R? represents hydrogen,_en optlonally halogenated Cl-clo
| alkyl group, a group R3-NH-‘ a group —R4 C(O)O—R5 or .
a cyanlde group,' ‘ '
R3 'represents hydrogen or a C1*Clo alkyl group,

R4 represents a substituted or unsu.bstltuted alkylene

36 group having 2 to 15 carbon atoms,



20 general formula [111 1, ~, 2 O R.-(O m c - ,wherein: Rl represents
hydr ogen, an aryl group, a substituted or unsubstituted C-d () alkyl

group or. a group R 3-NH, R2 represents hydrogen, an opti%ﬁﬁﬁé 6
hal ogenated -C 7clo al kyl group, a groyp R3-NH, a group - Re- %SQQFE or a
cyani de group, R3 represents hydrogen or a d-d o al kyl group, R4
represents a substituted or unsubstituted al kylene 30 group having 2 to 15
carbon atons, 10 25 July 2006 R5 represents hydrogen, a substituted or
unsubstituted g-gO alkgl group, and nis of fromO to 10, mis of fromO
to 20 and pR’isepfesenhohvdrenenyzi acsherhéyah6Eobsl LAEBDERLASAS made by

the process of the-in j,0 e n found to be unique. It was
observed t hat thggecﬁh¥§?§gt%r%%§ba%%' by the process according to the

present invention Havef ifgsovedtaclibyi tny.isAddi timmal § ytoi 2Owasdolpser ved
t hat these,catzlésts had a _hi gher nolar ratio of zinc to cobalt than
previ ously 8Bs@fveédo™Rel&r dPe, the process according to the present

invention furtheg;hel ahexal-9atihediaracranesehalbale nedlal ¥5t ebtai nabl e
by a process according to the present invention. Zi nc hexacyanocobaltate

cat al ysts ppgpaeeé odcddradiimyard idre presdemen nbewnd ohowbee W3ENG -t o have
a molar rat &% %IasZio Csé:?vé:c?bglllgt of t%teslee%saittazl')?sSCs %‘J?Qpared by the
process according to the present invention Thave
improved activity. Additionally, it was observed that
these catalysts had a higher molar ratic of zinc to
cobalt than previously observed.

Therefore, the process according te the present
invention further relates to zinc hexacyanocobaltate
catalyst obtainable by a process according to the
present invention.

Zinc hexacyanocobaltate catalysts prepared
according to the present invention were found to have
a molar ratic of zinc to cobalt of at least 2.25. Such
high ratioc was not observed for such catalysts
prepared with the help of conventional preparation
processes. Therefore, the present invention further
relates to zinc hexacyanocobaltate catalyst obtainable
by the present invention in which the molar ratio of
zinc to cobalt is at least 2. 25,

The molar ratio of zinc to cobalt more
gpecifically is at least 2.26, more gpecifically at
least 2.27, more specifically at least 2.28, most
gpecifically more than 2.28. In principle, there is no
upper limit for the molar ratio. However, in most

instances the meolar



high rati o was not observed for such catalysts prepared with the help of
conventional preparation processes. Therefore, the present invention
further relates to zinc hexacyanocobaltate catal yst obtainable by the
present invention in which the nolar ratio of zinc to cobaP? 141328%/6 | east
2. 25. The nolar ratio of zinc to cobalt nore specifically is at |east
2.26, nore specifically at least 2.27, nore specifically at |east 2.28,

nost  speci fiGald ywaRr eat hafbk 28, | RoREI NGhOLEF i ERRIP, | SLHO® nepRer limt
for the nolar ratio. However, in nost instances the nolar 11 25 July 2006
rati o was atraist s nbeessplenf calngre t9rewpitgallat #b WRSH ésPt han 3,

nore specifi %arlel Yo 8l 1Scta121' 8, N rrrnoc{set Sﬁ?.epi fically at nost 2.7. As
menti oned, theé tca aeiys according to the " present invention shows a

surprisingly highsacthatitijonedhe thgh astalisy nakesrtihaty t e catlsd yst can
be used at very |ow concentrations. Therefore, the present invention
further rel &ESSH WHFREEIR FHPYERE iSRS Rl Hn P alaGH ehd Yoxi des

with the helpof, ancatal ysicacrakding e the Pé&@&f'}ttrsti BYENHOR sdPr e
specifically, a process conprising reacting initiator with al kyl ene oxi de

in the presenceenyf latw mystcerBysgm@is DMC cat al yst. The anount of DMC

catal yst is based.aon the anmount of end. pr.oduct.. Due.t ctinvity of the
DMC cat al yst, th&heﬁ'(ﬁ et zu]?(la'oRr&‘geéﬁtkyllne‘ﬁeentolx%egugghgge%ce&ra\rﬁeesyd out at

very | ow conreeni ritdasss of oDMh&apal yskritheionongeallkyllicor eadides as | ow
as |l ess than 15 ppmof DMC catalyst, nore specifically at nost 14 ppm
nor e with the help of a catalyst according to” the present
invention, more sgpecifically, a process comprising
reacting initiator with alkylene oxide in the presence
of at most 15 ppm of DMC catalyst. The amcount of DMC
catalyst is based on the amount of end product.

Due to the activity of the DMC catalyst, the
polymerization of alkylene oxides can be carried out
at very low concentrations of DMC catalyst. The
concentration can be as low as less than 15 ppm of DMC
catalyst, more specifically at most 14 ppm, more
specifically less than 14 ppm, more specifically at
most 13 ppm, more specifically less than 13 ppm, more
gspecifically at most 12 ppm, more specifically less
than 12 ppm, more specifically at most 11 ppm, more
specifically less than 11 ppm, more specifically at
most 10 ppm, more gpecifically less than 10 ppm.

Polymerization of alkylene oxides is typically
carried out by reacting a mixture of hydroxyl group-
containing initiator with DMC catalyst at a
temperature of from 80 tc 150 °C, more particularly
from 90 to 130 °C. The pressure can be from

atmospheric pressure



specifically less than 14 ppm nore specifically at nobst 13 ppm nore
specifically less than 13 ppm- nore specifically at nost 12 ppm nore
specifically less than 12 ppm nore specifically at nost 11 pp nor e
specifically less than 11 ppm nore speciftpa! y_at  nost 1 £¥OW%re
specifically less than 10 ppm Polyneri zatio f al kyl ene oxides is
typically <carried out by reacting a m xture of hydroxyl group- containing

initiator with DMD detmlabsokute, banpkrbeuveryf higbnpgesesresoveraldyre

particularly ‘fram90 to 130 CC. ,.The pressur n f pheti ¢
pressure 12 - ZSQCSEﬁ VIR (D ‘Bja}la%%glﬁ%‘é?e‘ga?g)b?g'v%fqgkﬁ?éﬁggt’egé&re.
Usual Iy, the pr fumé | {s ot exegedl BOrbapsoPuekerably, the pressure is

of 0 to 5 bar absol ute.

Preferred al kyl ene oxides for use in the present

i nvention are ethyl elRrefeered prbkylene o%ides bofcHee oRi §BE PIEFjFBie

oxi de,

whi ch ar
hydr ogen

an

e

accordi ng

d the'iiﬁ%e&¥E£H1éiyF§§h¥%3§%28%%g§éﬁ%9§ﬁg

be used inh the process

apgde ekibelt batems can

enti on.

Initiators.

10 genstiddy, usegreme coipennasdhthengikepl andl mixtoikesactive
-- Preferred initiators include pol yfunctional - al cohol s,

general |y ‘cont ai fiHF%% o 6 hydroxyl. groups. ~Exanpl es of such al cohol s are
glycol, such as diethylenge MyGO of FAPELRYbLEECEh beyGbd GhyeBEObroceds
and 15 pol ygl ycerols, pentaerythritol, trimethylol propane, '

tri et hanol ani ne, sordidiohg anel hbanpre$enﬁhénpenté§§-ag@éﬁéﬁﬁ@rﬁowbﬁ§h are -
inVentioEgcan be used to .-make honopol

copal ymoRg.  pol YRR b yor e it aPRROLARS CAPALpYL 8 BriFRe ey of Wkive

hydrogen. Preferred initiators include polyfunctional
alcochols, generally containing 2 to 6 hydroxyl_groups.
Examplés of such alcohdlé’aré'giYcol; such as diethylene
gi?éﬁlj:dipropylehe glycol, glycerol, di- and

15 polyglycerbls,'ﬁentaerythritol,'trimethylblpropane,'

| triethanolamine, sorbitol and mannitol. ‘

The process according to the invention can be used to
 ‘make‘homopdlymers, random copolymers or block copolymers.
1:Polyethef polyols made with the catalysts of the

20 invention suitably have a nominal aVeragé fuanionality

" Of from 2 to 5,'more suitably from 2 to 6. The polyols
may_have a number average molecular weight up to 50,000,
but typicaily the molecular weight is within the range of
500 to 12,000, more typically from 2,000 to 8,000.

25 The present invention is further illustrated by the

following examples. - | - '

Examples | -

Comparative Examplé 1

At room temperature, technical gradé zinc chloride.
30 (30 g) was dissolved inrde-iopized,water_(loo g) and .-
| charged to:a.l litre glass reactor equipped with'altriple'
pitched bladed turbine}_Subsequently terffputyl alcohél .
(TBA) (117 g) and de-ionized water (95 g) Qere added. The -



20 invention suitably have a ‘noni nal average functionality of from2 to 8§,
nore suitably from2 to 6. The polyols may. have a nunber average

nol ecul ar wei ght up to 50,000, but typically the nolecul ar mggggb
is-within the range of 500 to 12,000, nore fggpically from 2 ¢ 8, 000

25 The present invention is further illustrated by the follow ng exanples.

Exanpl es. Conparative .Ex | e r oo I ga r agde C
chloride 30 (30%% d”rfhc a‘?‘#%ﬂf@ d&?‘ié‘?%#?ﬁo@ g)gggdsg %*E*Sed
toa.1llitre glassdeacddrs eﬂ%ﬁlﬂ?dof\ﬂ iha éﬁi@é ewa@lpﬁéeénbLaHeﬂaBuihmne
Subsequently tert- butyI al cohol (TBEL21 (117 and de-ignized water ga
|ned

were added. The:ﬁbxaQ¥anm¢®bi&KH¢et ngbawa@r%ﬂ%591ﬁﬁdchF09?ae°Ebﬁ
0.6 %t of zinc XR ﬁffﬁd%gd. scﬁﬁg é&&fsgxéﬁe3gﬂﬁlﬂﬁ€é§ntthgokaﬁébH@

hexacyanocobaltaﬁe ved'in deée-roni wat er .
the coursg of 30 ph’armi@”p‘umthoﬁaMeessuhuhwacyaaoaddatlt apethe
sol'uti-on was added to the zinc chloride solution, The r or cont t was

wel |l stirred dur##ﬁFt?ﬁJ%&Rﬁ?|%ﬁﬁu?&?%r %Bﬁr??%ﬁt?ﬁeCﬂP aﬁage irred
f th 30 t h
or anot her rné%%é?# (§%{i§8m€ge Qd&i@ﬂgn.QKfokQQHdlﬁQoﬁ eheext xdaye

tert-butyl nethyl on reactor contenti was added and -
the reactor contems sW&mm@dxfmkfamthern&@emlnw¢e§raag glhored §et SLRRE
the liquid |ayer was renoved To the reactor a 25/75 (mMmnm mxture of TBA
and. de- is ioni ze &R as added. The mixture was stirred for , 5

mnutes gpd after 30 FHOULES: S@LY) I PartlSut{Huhdthayeethuns (MEBBYed12 Swt
- on reactor content) was added and the reactor contents
was mixed for 5 minutes. After 30 minutes settling the
liquid layer was removed '
To the reactor a 25/75 (m/m) mixture of TBA and de-
15 ionized water,was added. The mixture was stirred for
' 5 minutes and after 30 minutes settling the liquid layer
'was removed.
To the reactor a 25/75 (m/m) mixture of TBA and de-
ionised water and additional MTBE (2.5 $wt on initial
2d : reactor content) were added. The mixture was stirred for
o S‘hinutes-and after 30 minutes settling the liquid layer
‘was removed. ' o |
. ‘Subsequently TBA was added and the mlxture is stlrred
for 30 minutes. o )

25 - The solids content of the suspension was measured by
-weighting a sample and subsequently removing volatile
compenents by stripping with the help of vacuum and a
nitrogen purge at 50 C untll a constant weight is

‘ eobtalned Based on this SOlldS content, a polyether

30 | polyol (propoxylated glycerol hav1ng an average molecular
weight of 670) was added to obtain a 3 %wt zing,

' hexacyanocobaltate complex in polyether polyol

suspension. After mixing for 30 mlnutes, the MTBE, TBA



To the reactor a 25/75. (mm mxture of TBA and de- ionised water and

addi tional MIBE (2.,5 %M on initial 20 reactor content) were added. The
“mxture was stirred for 5 mnutes-and after 30 m nutes settliq? 6@? l'iquid

|l ayer was renoved. Subsequently TBA was added, and the mi xt tr &1y irred

for 30 mnutes. 25 The solids content of the suspension was neasured.by

wei ghting a sanple and subsequently renoving volatile . c Qnent

stripping with t RhSfP-F YeEauRTantea b}ﬁi??ﬁb_@ﬁlﬁﬁra*é 40 26° 33, 15 oz -
constant wei ght i, %}@a@@@-o SEfe@Mmili 8§ §oLbds-6ARLAR! ora1Bakyehhar 30
pol yol (propoxylated gl ycerol having an average nol ecular weight of 670)
was added to obtdl.rb & 9t zinc hexacyanocobal tate conplex in polyether
pol yol suspensi on, ter mxing far 30 mnutes, the BE, A July_2006
14- and water were r eﬁﬁqéﬁ¥§kiéhﬁ?iféﬁ Es10 Shge eﬁbﬁgger$§8 g?%ﬁﬁbt
obt ai ned had, a W@gﬁﬁaféﬁﬁﬁgﬂcéﬁa%fﬁﬁ fhan 0.5 %t . The catal yst obtained
Is hereinafter referred to as 5 nparative Catal yst 1. Conparative

Exanpl e 2 The pr ¢suthazsbivegipample ve Exanple | was repeated with the
exception that pure zjnc chlori ( [ 0i -0, 04 % 7af 42 i

i nstead of technical%gﬁ%d%r%?%%gﬁﬁ %ﬁﬂ%&*ﬁ%EQEﬁg?e %é%%lg.i 2%%|&§P%§?%9
oxi de was presentwithlhehe adadestiobt ehaedpuseheincnahleridef dcoadatioiag
“Conparative Catal yst 2. Exanple_ | (according to the_inveption

The , '
procedure of Conpfhriht i %t EXBnpP@) | 15adsedpensegad of tec by QR grade zinc -

10" " . chloride. Therefore, 0.2 mmol of zinc oxide was present.
‘" The catalyst obtained is hereinafter referred to as
Comparative Catalyst 2.

. Example 1. {according to the invention)

The procedure of Comparative Ezample 1 was repeated
15 - with the exception that inStead of 30 g technical .grade
zinc chloride was used a mixture of 30 g pure zinc |
chlbride (220 mmol, containing 0.2 mmol zinc oxide)'and
7.4 mmol ZnO. ‘ |
ﬁ‘The catalyst obtained is hereinafter referred to as
20 ° ' cCatalyst 1. | | o

Example 2 (according to the invention)

The procedure of Comparative Example 1 was répeated
with the exception that instead of 30 g tgéhnical grade
"zinc chlqride was used a mixture of 30rg pure_zinc'
25 chloride ({220 mmecl, containing 0.2‘mmol zinclox;de)and'
o 14.7 mmol KOH is used. - | |
The. catalyst obtained is hereinafter ieferred to as
. Catalyst 2. o

Ekamples 3. and 4 (accofding to the invention)

30 7'. The procedure of Comparative Example 1 wasrrépeated
| _with'the'éxception that instead of 30 g'techniqal grade 
‘zinc chloride was used a mixture of 30 g pure zinc

chloride (220 mmol, containing 0.2'mmolrzinc 6xidé) and



15 with the exception that instead of 30 g technical-grade zinc chloride
was used a mxture of 30 g pure zinc | chloride (220 nmol, containing 0.2
mol zinc oxide) and 7.4 mmol ZnO The catal yst obtained is_hereinafter
referred to as 20 Catalyst 1. Exanple 2 (accDsding to the PaVENtZOBR) The
procedure of Conparative Exanple | was repeated w th the exception that

i nstead of 30 g technjcs } rhde S suge m of 30 g
pure zinc 25 chloﬁrgghﬁgéog%ﬁgg? 35%&8??%2953.f“%ﬁgriz?ﬁgﬂb;?%g%ﬁgnd 14.7
mol KOH is used. (Thealabsl ypt obtained is hereinafter referred to as

Cat al yst Exanples 3 and 4 (according to the jnvention) 30 The .pracedure of
Conpar ati ve ExaanééEEi&é,éepgaéad mﬂaﬁCPW&l&ﬁg&ﬁ;&&é_&ﬁﬁﬁgﬁﬁéﬂﬁad of 30 g -
teehnical grade zincrghl QEL0EaURS HECBoRPILXLYNE kadPle AUMALF irpeated
chl oride (220 nmol , c%ﬁ?a %?%g %?% nnnlozpnc oxi de) and 25 July 2006 '1.4

mol . of C&0 (Cat akysh Bheasdc@piodl tbhtBaGsteas: alfy S0 4) tashuigal Frads
-and 7 (according to the_invention) The procedyre of .ve K le 1-
was repeated 5 mFPﬂctﬁE18§&aﬁtW8ﬁ ot i ﬁn@ﬁé& rgfcggqugggﬁ%¥%a grade
zinc chloride wasc-H$gdigeMi2bor fimeh , 3@ catRYRA g G 2 eitlodr i titnd 2 denpland

containing 0.2 mml zinc oxide) and 11.1 mol ZnO (Catal yst 5), 18.4 nnmol
ZnO (Catalyst andl3s. emahokn2ndCetadasis®)7) 18:d TRl Q offtd Hy sh ©)

overvi ew of the ziné gghgogﬁéénggginﬁggg% Tj221;—‘,)the doubl e netal cyani.de

catal ysts. obt ai A8 ent kinds of metal was
10 Table 1 contains an overview of the zinc to cobalt

molar ratio of the double metal cyanide catalysts
obtained. The amount of the different kinds of metal was .
determined as follows with the help of a_Philips PW1480
X-ray fluorescence (XRF) specﬁrometer{ About 4 gramsrof
15 - the homogenised sample was poured into a polypropylene
and measured immediately after pouring. The XRF intensity
measurements were made at line and background positions.
A blank correction was ﬁade'uSing net intensities
measured on polyol sample. A series of carefully p;epared
20 . high-dilution glass bead was used for calibration of the

elements %n, Co and K.



determined as follows with the help of a Philips PWM480 X-ray fluorescence
(XRF) spectroneter. About 4 grans of 15 the honobgeni sed sanple mas pour ed
into a pol ypropyl ene and neasured i nmedi ately after pouring. % XRF
intensity neasurenents were nmade at |ine andilBaekground po ? 1l 3800 A

bl ank correction was made using net intensities nmeasured on pol yol sanple.
A series of carefully prepared 20 high-dilq] Iy Pl ass bead was used for
calibration of the  elenments Zn, Cc_and K.gﬁéghﬁy 2006 Table 1 al kaline
met al “ conpound Zn|/Co ratio opabRhaingamétélobofiRblin@onppEat yge 8a0ic2. 20
Catalyst 1 Catalypt 1 0.03 2.29 Catalyst 2 0.07_2.29 Catalyst 3 0.03 2429
Catal yst 4 0.03 2{30 Catalyst gnompbad eeltcé@a#yyplé 0.p8 2.55 Exanpl¢ 8
Al.25litre stir LEACERT ayas Clharged—wt1—897g ——
propoxylated4glyceroFbﬁgéfﬁg%théeérage mol ecul ar  wei ght of 870 and 0.4|g
of suspension conf@ebedgs® Iw| of 5 DMC catal yst (15 ppnpcatal yst on end
" product). The reaptor—was—-heated-to-130-0Cat—a-pressuteof—0-1-baraor | -
less with a small HPFP&§§E ﬂur 2:0Fhe reactor. was evacua?e@gand propyl ene
oxi de was added a CQtE@&%tOQ' _%45 grams per_mnute untf b pHe pressure

reached 10 1.3 bafa soon as e_reaction of propyl enel oxide made the
pressure drop to eaSaﬂyam 3. 8| baba, the addition of 2.29
| Catalyst 4 |0.03 . 2.30

Catalyst 5 |0.05 , - 12.38

Catalyst 6 |0.06 - 2.55

Examplels

A 1.25 litre stirred tank reactor was charged with
89 g of propokyleted~glyserol having anxaverage molecular
weight of 670 and 0.4 g of suspension containing 3 %$wt of
5 DMC catalyst (15 ppm catalyst on end prodﬁét).
The reactor was heated to 130 °C at a pressure of
0.1 bara or less with a small nitrogen purge. The reactorr
wes evacuated'end propylene oxide'was added at a rate of-
- .3.25 grams per minute until the. pressure reached .
10 .1'3 bara. As soon as the reaction of propylene ox1de made -
| the pressure drop to less than 0. B barar the addltlon of
propylene oxide was started again and was continued such
that the pressure was kept between 0.6 and 0.8 bara.
" After 311 g of prqpylene_oxide were added, a
15 polyether polyol having'e'molecular weight Qf 3000 was
‘ obtained and the addition of glycerine was started at a
rate of 0.1 grams‘perrminute. The'addition_was stoppedA{'
" when 698.7 Q of propylene oxide and 12.3 g'of glycerine
| - had been added. The difference between the‘pressure_
20 ' during addition of propylene oxide and the pressure when

the addition of propylene oxide had been stepped, was



“propyl ene oxide was started again and was continued such that the pressure
was kept between 0.6 and 0.8 bara. After 311 g of propyl ene oxide were
added, a 15 pol yether polyol having a nol ecul ar wei ght of 300? mgé

obt ai ned and the addition of glycerine was-sfldrted at a r ate gy 2804 gr ans
per mnute. The addition was stopped when 698.7 g of propyl ene oxide and
12.3 g of gl ycerifg e hathdreerrpodqie sig-4idfof &remcdel ywegnmébsupeessur€had0
during addition of propylene oxide and the pressure when the_addition of
propyl ene oxi de lantibyddy sibppe catslvist - RElQigy pUeBsuRt d+hfAEENCThi s

pressure difference is a.measure for_.t.h | -V h y . auer
pressure di ff‘ereﬁce@rersee&tésseahtr%orae rﬁ)?éel‘g%tc?a\%é]&%%%l ;’ié}flé %%&jrfgéug%g é}tgﬁe
given in Table A Tapie 2. Pressure difference (bara) Conparative '
catalyst 1 0.62 Conparative catalyst 2 > 2 Catalyst 1 0.41 Catalyst 2
0.42 Catalyst 3 0.52 Catalyst 4 0.51 Catalyst 5 0.41 5 Exanple 9 To a

1.25 1 continuously stirred tank reactor Hped with a level contro
systemand filled with 800 g reaction pré§%¥¥—mas added: glycerol at a

rate of 5.39:g/h|10 1, 2-propanedi ol 'at a |[fAtesoird.d2fféhenpeoppbeae dxi de
at a rate of 226.%ﬁgigﬁéﬂgiﬁggtéﬁgfgtfgiég 0.620f 32—gl-h—and

Comparative catalyst 2 > 2

Catalyst 1 ' R 0.41

Catalyst 2 0.42

.| Catalyst 3 0.52
Catalyst 4 . - 10.51
Catalyst 5 ' 0.41
5 Example 9

To a 1.25 1 continuously stirred tank reactor
equipped with a level control system and filled with
800 g reaction product was added: | |
_ glycefol at a rate of 5.39 g/h
10 i,2—propanediol at a rate of 1.72 g/h
propylene oxide at a rate of 226 g/h o
ethylene oxide at a rate of 32 g/h and
0.5 %wt catalyst suspension at a rate of 1.60 g/h .
| The catalyst suspension was obtained'by diluting a
- 15 suspension containing 3 %wt of DMC catalyst in ‘
. propoxyléted glycerol having a molecuLar weight of 670
with the same polyether polfol'until a 0.5 %wt suspensionr_
was obtained. - | , o
The activity was measured by'stopping‘thejaddition of .

20 the feedstocks and measuring the pressure decrease. A



0.5 %t catal yst suspension at a.rate of 1.60 g/h The catal yst suspension
.was obtained by diluting a 15 suspension containing 3 % of DMC catal yst
in propoxylated glycerol having a nolecular weight of 670 wth the sane
pol yether poly.ol until a 0.5 %t suspensiop 1Eas obt ai ned. 2TAEYZEPP vi ty
was neasured by stopping the addition of 20 the feedstocks and neasuring
t he pressure decrgase. A 18 - 255\&%% 2006 | ower e{)ressure di fference
represents a nor e~ SEEFVET SRRy ST IAFGN GO FARELSEHS (7t JRFRRCokT8e
content of the pgggHglysehtained was nmeasured. A |ower propylene oxide 5

content represents a nore active catalyst. The results are given in Table
3. Table 3 Catal yst Rdditdcaadiltyf,ertdec prorydenenotidadeontrznta)of the

concentration in - t p arative 0.60.5.534 Catalyst | Catalyst
106 5 678 | qaPPARYE: LRRThe LR Beathurnl? B Pllar Fidiind SHiGe
5 ‘content represents a more active catalyst. '

The results are given in Table 3.

Tablér3 ‘

Catalyst Pressure difference prbpylene oxide
| (bara) concentratibn in
| product (ppm)

| Comparative - 0.60 _ 5.534
Catalyst 1 N :
Catalyst 1 - 0.46 : 3.678
Catalyst 5 | 0.49 3.440
Catalyst 6 0.45 l - 3.166




